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NEW EXPERIMENTS 


PHYSICO-MECHANICAL, 


TOUCHING THE 
SPRING and WEIGHT of the AIR, and their EFFECTS, 


THE FIRST PART. 


Written by way of LETTER, to the Right Honourable the 


Lord CLIFFoRD AND DUNGARVAN, 


WHERETO IS ANNEXED 


A Short Difcourfe of the ATMOSPHERES of Consistent Boptts. 


THE PREFACE. 


AVING at the beginning of the 
treatife, whereof this 1s a continu- 
ation, acquainted my readers with 
feveral things, that belong, in com- 

mon, as well to the following experiments, as 
to thofe there publifhed , it will not be necef- 
fary for me to trouble the reader with a repe- 
tition of what he may have met with there 
already, nor to acquaint him in this addrefs 
with any other particulars, than thofe that con- 
cern the experiments I am now about to pre- 
fent him. 

I doubt not but it will be remembered by 
fome, that I feemed in the above-mentioned 
book to have promifed a fecond part of it, or 
a large appendix to it: but intimations of that 
kind do many times refpect only the thing it- 
felf, leaving the giver of them free in point of 
time: and I wanted not fufficient inducements 
to delay a while to perform my promife, if I 
made any. JI had, indeed, partly before the 
book already referred to came from the prefs, 
and partly fometime after, made divers other 
trials, in order to a fupplement of it: but be- 
ing obliged to make fome journeys and re- 
moves, which allowed me no opportunity to 
profecute the expcriments, I had made novery 
great progrefs in my defign, before the con- 

Vor. Ill. 


vening of an illuftrious affembly of virtuofi, 
which has fince made itfelf fuficiently known 
under the title of THe Roya Socrery. 
And having then thought fit to make a pre- 
fent, to perfons fo like to employ it well, of 
the great engine, I had till then made ufe of 
in the phyfico-mechanical experiments about 
the air; and being unable afterwards to procure 
another fo good, I applied my ftudies to other 
fubjects, and gave over, fora great while, the 
care of making more experiments of that kind : 
and the rather, becaufe that finding by the very 
favourable reception thofe I had publifhed had 
met with among the curious in feveral parts of 
Europe, that they were like to be confidered 
and perufed, I thought I might fafely ‘leave the 
profecution of them to others, who would pro- 
bably come more frefh and untired to fuch an 

exercife of their curiofity. | 
But, obferving that the great difficulties 
men met with in making an engine, that 
would exhauft and keep out a body fo fubtle 
as air, and fo ponderous as the atmofphere, 
(befides, perhaps, fome other impediments) 
were fuch, that in five or fix year I could hear 
but of one or two engines, that were brought 
to be fit to work, and of but one or two new 
experiments, that had been added by the inge- 
B nious 
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nious owners of them; I began to liften to the 
perfuafions of thofe that fuggefted, that unleis 
I refurned this work myfelf, there would fcarce 
be much done in it. And therefore having 
(by the help of other workmen than thofe I 
had unfucceisfully employed before) procured 
a new engine, lefs than the other, and differ- 
ing in fome circumftances from it, we did 
(though not without trouble enough) bring it 
to work as well as the other, and, as to fome 
purpofes, better. And having once got-this, 
I made hafte to try with it thofe experiments, 
that belong’d to the defigned continuation, 
and do now make up this book. 

I hope, that to fuch readers as the following 
papers are principally intended for, I fhall not 
need to make an apology, either for the plain- 
nefs of my ftyle, (wherein I aimed at perfpi- 
cuity, not eloquence,) or for my not having 
adorned or ftuffed this treatife with authorities, 
or fentences of claffic authors, which I had 
neither the leifure to feek, nor thought I had 
any great need to employ, though it had been 
far more eafy, than perhaps it would have 
proved, to borrow from them things, that 
would have been very proper to a treatife, where 
my main defign was, to make out, by pra€tical 
experiments, divers things, among others, that 
have not hitherto been advantaged by that way 
of probation, nor perchance thought very ca- 
pable of it; fo that I fhall have obtained a 
great part of what I aimed af, if J have fhewn, 
that thofe very pheenomena, which the fchool- 
philofophers, and their party, urge, and fome- 
times triumph in, as clear proofs of nature’s 
abhorrency of a vacuum, may be not only ex- 
plicated, but actually exhibited, fome by the 
gravity, and fome alfo by the bare {pring of 
the air. Which latter I now mention as a 
diftinét thing from the other ; not that I think 
it is actually feparated in thefe trials, (fince the 
weight of the upper parts of the air does, if 
I may fo fpeak, bend the fprings of the lower) 
but becaufe, that having in the already pub- 
lifhed experiments, and even in fome of thefe, 
mianifefted the efficacy of the air’s gravitation 
on bodies, I thought fit to make it my tafk in 
many of thefe, to fhew, that moft of the fame 
things, that are done by the preffure of all the 
fuperincumbent atmofphere acting as a weight, 
may be likewife performed by the preffure of a 
final] portion of air, included indeed (but with- 
out any new compreffion) acting as a fpring. 

Tue prefent firft part of our continuation 
might, I confefs, have been, not inconveni- 
ently, divided into two parts. For firft, it 
contains fome experiments, that are already re- 
lated in the printed book, though they be here 


- fo repeated, as to be confirmed, illuitrated, or 


improved, by being reiterated either with bet- 
ter inftruments, or with better fuccefs, than 
when they were made in my large receiver, 
which holding (if I mifremember not) about 
eight gallons, could not eafily be fo well ex- 
haufted as thofe fimall receivers I often fince 
employed. And fecondly, the other, and far 
more numerous fort of experiments, related in 
this rft part, are new, and fuperadded. - And 
yet I forbear to affign each of thefe two forts a 
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place by itfelf, becaufe I could not conveniently 


fet down my trials otherwife than as they came 


to hand among my notes ; and I confidered, 
that in divers places the new ones and the old 
ones being mentioned together, might ferve 
by their neighbourhood to iluftrate or confirm 
each other. And however, at another edition 
of our Continuation, it will be a very eafy tafk, 
if it appear to be a requifite one, to give the 
improvements of the former experiments, and 


‘the fuperadded -new ones, diftiné titles and 


places. 

As for the mechanical contrivances I em- 
ployed in making the following experiments, 
though moft of them have had the good for- 
tune to meet with an approbation, and fome of 
them with more than that, from no mean virtuoft 
and mathematicians; yet-as I expect, that cri- 
tical readers will judge, that in fome experi- 
ments more artificial inftruments might have 
been made ufe of, fo I hope that they will not 
look upon thofe I was reduced to employ, as 
always the beft that ever I could have directed, 
fince it fufficiently appears by divers paffages of 
the following experiments, that they were not 
made at London, but in places where the want of 
a glafs-houfe, and other accommodations re- 
duced me to make my trials not after the beft 
manner I could devife, but in the beft way | 
could then and there put in practice. And let 
me add on this occafion to what I have elfe- 
where faid to the like purpofe, that itis botha 
great difcouragement to many ingenious men, 
and no {mall hindrance to the advancement of 
natural philofophy, that fome nice criticks are 
fo cenforious in exacting from attempters the 
very beft contrivances, and many, that would 
be attempters, ftand too much in awe of fuch 
mens judgments ; for though in very nice ex- 
periments the exactnefs of inftruments is not 
only defireable and ufeful, but, in fome cafes, 
neceffary ; yet in many others, where the pro- 
duction of anew phenomenon is the thing aimed 


‘at, they are to be looked upon as benefactors 


to the hiftory of nature, that perform the fub- 
{tantial part of a difcovery, though they do it 
not by the moft eafy and compendious ways 
devifeable, or attain not to the utmoft precife- 
nefs, that might be wifhed, and is poffible. For 
fuch performances, notwithftanding their being 
fhort of perfection, make difcoveries to the 
world of new and ufeful things; which though 
others, that are more lucky at contrivances, 
and have-better accommodations, may compafs 
by more compendious ways, or with greater 
precifenefs, yet {till the world is beholden to 
the firft difcovery for the improvement of it, 
as we are to Archimedes for the firft devifing a 
way to find, by weighing bodies in water, how 
much gold or how much filver a mixture of 
thofe metals does contain, though (if hiftorians 
have not injured that great man in the relation) 
he went a more laborious and lefs accurate way 
to work than modern hydroftatians, who (as I 
elfewhere fhew) may perform the fame thing 
by a far better way, which yet, probably, we 
fhould not have thought of, if that attributed 
to Archimedes had not preceded, and afforded 
us a fundamental notion, And that the not be- 

2 ing 
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ing ‘fo dexterous at contriving the ways to 
effect a thing, is no fure argument, that a man 
has not a true and folid knowledge of it, we 
may eafily learn from Euclid, whom our geo- 
‘metricians generally and juftly acknowledge to 
be their mafter, and to have enriched the 
world with many ufcful truths, and folidly de- 
monftrated all his propofitions, though divers 
of his modern commentators have found out 
more compendious ways for effecting feveral 
of his problems, as well as of demonftrating 
divers of his theorems, efpecially fince the ex- 
‘cellent invention of fpecious algebra, by whofe 
help that accurate mathematician Dr. Walks 
has, befides other fpecimens upon intricate 
propofitions, clearly demonftrated the ten firft 
and for the moft part perplexing theorems of 
the fecond element, in little more than as few 
lines. In fum, in experiments that are very 
nice, accurate contrivances and inftruments are 
induftrioufly to be fought, and highly to be 
valued; and even in fuch other experiments, as 
are frequently to be reiterated, the moft com- 
modious and eafy ways of performing them 
are very defirable: but thofe practical compen- 
diums, though very welcome to them that 
would repeat trials, are not fo important to the 
generality of readers, as being but ufeful to 
fave pains, not neceffary to difcover truths ; 
to which men may oftentimes do good fervice, 
without any peculiar gift at mechanical con- 
trivances, fince in moft cafes they may be 
Jooked upon 4s promoters of natural philofo- 
pny, who devife experiments fit to difcover a 
new truth, if the attempt fucceeds, and propofe 
ways of bringing it to trial, which though per- 
haps not the mott fkilful or expeditious, are yet 
futicient and practicable, the increafe of phy- 
fical knowledge being the product of the things 
themfelves that are difcovered, whatever were 
the inftruments men employed about making 
the difcoveries. 

As for the cuts, I endeavoured to make 
their relations, and defcriptions of moft of the 
experiments, fo full and plain, as to need a 
few {chemes as might be to illuftrate them : but 
though I hope, that they,who either were verfed 
in fuch kind of ftudies, or have any peculiar 
facility of imagining, .would well enough con- 
ceive my meaning only by words; yet left my 
own accuftomance to devife fuch trials, and 
to fee thefe made, fhould make me think them 
more eafily intelligible than moft readers will 
find them, I advifed with a learned friend or 
two, fit to be confulted on fuch an occafion, 
what experiments were requifite to be illuftrated 
with diagrams, and to fuch I took care they 
fhould be annexed. Only I forbore to add to 
the figure of each inftrument alphabetical ex- 
plications of its parts, as judging that trouble- 
fome work lefs eafy for me, than it would be 
for fuch readers as this tract is defigned for, to 
underftand what is delivered by the help of a 
little attention in conferring the fchemes of the 
inftruments with the verbal accounts of the ex- 
periments they relate to. But there is one par- 
ticular about the cuts may require both to be 
given notice of and excufed;, which 1s, that 
having ‘occafion to alter the method of my ex- 


periments, when I began to forefee, that I 
fhould be obliged to referve divers things for 
another opportunity ; and being myfelf abfent 
from the engraver fora good part of the time he 
was at work, fome of the cuts were mifplaced, 
and not graven in the plates, in which, accord- 
ing to the prefent feries of experiments, they 
might moft properly have been put. | 

But perhaps I may (for Iam not fure of 
it) more need the reader’s pardon for (unknow- 
ingly) troubling him in this continuation with 
fome paffages, that he may have already met 
with in the book it refers to: which though I 
had not read over for fome years before, I 
chanced not to have at hand, when divers of 
the following papers were written; dnd though 
afterwards I recovered it, yet the indifpofition 
of my eyes made me think it unfit rather to 
tire them by reading over the whole book, 
than to truft to the reader’s good nature (in 
cafe 1 fhould need it) for the pardon of a few 
unintended repetitions. 

I doubt not, many readers will be inquifi- 
tive to know, why this treatife is ftiled the firft 
part of a Continuation. To give thefe fome 
account of the title, I muft put them in mind, 
that in the already publifhed experiments I 
intimated, that two forts of trials might be 
made by the help of our engine: the one, fuch 
as needed but a fhort abfence of the air, and 
the other fuch as required, that the air fhould 
not only be withdrawn for a while, but kept 
out for a confiderable time, from the bodies 
whereupon the trial is made: Of the former 
fort of experiments are thefe this prefent book 
does (as well as that heretofore publifhed did) 
confift of. And though I have been fo much 
called upon, and troubled for certain writings, 
whereof I have made fuch mention in thofe 
that pafled the prefs, as fome readers interpreted 
to be an engagement, that it made me think 
fit, when I fatished their demands, to be 
thenceforward very fhy of making the publick 
any promife; yet I was induced not to alter the 
title of this treatife, partly becaufe it may inti- 
mate to the curious, that there are yet a great 
many things to be performed by our engine, 
befides the productions of it J] have hitherto 
prefented them; and partly becaufe, though I 
{till perfift in my former averfenefs to make 


‘promifes to the world; yet it is very poffible, 


that if God grant me life and health, I may, in 
due time, prefent my friends with what may 
ferve for a fecond part of our Continuation, 
confifting of experiments, that require a longer 
abfence of the air from the bodies to be wrought 
upon: and I fhall think, if this firft part prove 
not unexceptable to the curious, that the latter 
will be not unwelcome to them, as being de- 
figned to confift of fets of experiments, which 
by their being moft of them new, and fome 
of them odd enough, may perchance afford 
fome not defpicable hints to the fpeculative. 


. But the very nature of thefe experiments re- 


quiring, that fome of them fhould be long in 
making, my friends could not reafonably ex- 
pect a quick difpatch of work of this kind, 
though I fhould not meet for the future with 
fuch intervening impediments, as have hitherto 


difturbed 


SS) 


Some ADVERTISEMENTS 


difturbed it, (as want of inftruments, of health, 
of leifure, and of the liberty, which ts fo re- 
quifite in this cafe, of ftaying long enough in 
one place :) notwithftanding all which difficul- 
ties I have by fnatches been able through God’s 
bleffing to make forty or fifty of defigned 
trials, being fuch as require the leaft of time to 
be performed in, though I now think not fit 
to mention any of them, as well for other rea- 
fons, as becaufe though they be made by the 
help of our engine, yet they require a peculiar 
apparatus of inftruments, very differing from 
thofe we have hitherto mentioned, and not to 
be intelligibly defcribed without many words 
and divers figures. In the mean time, left the 
induftrious fhould be difcouraged by a furmife, 
that there is nothing left for them to do by 
the help of our engine, at leaft as to the firft 


fort of experiments, I fhall inform them, that 
I had thoughts to have added divers others of 
that kind to thefe that now come forth, and 
particularly two clufters of pneumatical trials, 
the one about refpiration, and the other about 
fire and flames ; but feveral of my notes and 
obfervations being at prefent out of the way, 
my having neither health nor leifure to repair 
thefe inconveniencies, and profecute trials of 
that fort with any affiduity, makes me chufe 
rather to referve them for an appendix, than 
to make thofe that now come abroad ftay for 
them. Which will not, I prefume, be the 
more difliked, becaufe by taking this courfe I 
may, in delivering of the phenomena of na- 
ture, imitate nature herfelf, of whom it is the 
Roman philofopher’s faying, reram natura facra 
fua non finul tradit. 


Some ADVERTISEMENTS touching the Eneine itfelf. 


T HOU GH the engine already pubhithed, 
and that which I employed in the follow- 
ing trials, have the fame ufes, and agree both in 
the ground and the main part of their con- 
ftruction, yet they differ in fome particulars fit 
to be taken notice of : for after I had prefented 
the great engine I formerly made ufe of to the 
Royal Society, partly the difficulty of procuring 
fuch another of that fize and make, and partly 
the defire of making fome improvements in- 
vited me to make fome alterations in the ftruc- 
ture; fome of them fuggefted by others, (efpe- 
cially by the ingenious Mr. Hook,) and fome 
of them that I added myfelf, as finding that 
without them I could not do my work. Where- 
fore it will not be amifs to point at the chief 
differences between the former and the latter 
engine, and to intimate fome of the conve- 
niences and inconveniences that attend them. 
As for the conftruction of the fecond engine 
itfelf, fince it is prefumed, that the readers of 
this book have already perufed that, of which 
this is a Continuation, and underftood the con- 
trivance of the inftrument, that belongs to it, 
it was prefumed fufficient to exhibit in the firft 
plate the delineation of the entire engine ready 
to be fet at work; and in the fecond, the 
figures of the fevera] metalline parts, that com- 
pofe it, before they are fet together. For 
though thefe have not verbal and alphabetical 
explications annexed to them, yet the fight of 
them may fuffice to make thofe, that have an 
imagination fitted to conceive mechanical con- 
trivances, and are acquainted with the former 
engine, comprehend the ftructure of this; 
which, alphabetical explications would {carce 
make fuch readers do, as are net fo qualified: 
only two things there are, which being of 
fome difficulty, as well as of importance to be 
conceived, I fhall here particularly take notice 
of. The firft of which is, that in regard the 
fucker is to be always under water, and the 
perforation p g, that paffes perpendicularly 
quite through it, and ferves together with the 
{tick rs for a valve, is to be ftopt at the bot- 
tom of the cylinder, as at # 0, when it is full 
Zz 


of water, it was requifite to make the ftick r p 
of a confiderable length, as two or three foot. 
The other and chief thing 1s, that in the fecond 
plate, the pipe 4 B, whofe end B bends up- 
ward, is made to lie in a groove or gutter pur- 
pofely made in the flat wooden board ¢ de f, 
on which the receivers are to reft; which 
{quare board I caufed to overlaid with very 
good cement, on which I took care to apply a 
ftrong plate of iron, of the bignefs and fhape 
of the board, leaving only a {mall hole for the 
erected part of the pipe to come out at, which 
I added, not only to keep the wooden board 
the better from warping, but becaufe I knew 
(what will perhaps be thought ftrange) that 
the preffure of the atmofphere on one fide of 
the board, when there is no preffure or but 
very little on the other, will enable many aerial 
particles to ftrain through the very wood, 
though of a good thicknefs, and imbued with 
oil to choak the pores. To this iron-plate we 
fometimes fit a lip turning up about it, to hin- 
der the water, that on fome occafions will come 
from the receiver, from falling on the room ; 
and (to add that upon the by) though the {top- 
cock g bik, that belongs to the hitherto men- 
tioned pipe, may be inferted at J, into the 
barrel or cylinder / 7 2 0, by the help of foder, 
yet we chofe as a much better way to have the 
branch J, of the ftop-cock, made like a fcrew, 
which being once firmly fcrewed into the bar- 
rel, is not apt to be broken off, and may be 
more eafily mended, if any thing happen to be 
out of order, which the engine 1s the moft 
liable to be in or about the pipe; partly becaufe 
it may fall out, (though but very rarely, if due 
care be but taken) that the air will infinuate 
itfelf between the wooden board and the tron- 
plate, and fo get up (where the pipe bends 
upwards) into the cavity of the receiver; and 
partly becaufe the pipe being for a juft reafon 
made but flender, and the part of it that looks 
upward very fhort, it happens not very unfre- 
quently, that when we imploy receivers with 
narrow orifices, where the cement muft lie 
clofe to the opening of the pipe, it happens, I 

) fay, 
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fay, that the cement, efpecially if it be much 
fottned by heat, is fucked (as they {peak) into 
the pipe, and fo choaks it up; or elfe that 
fome part of the body included in the receiver 
is crawn to the orifice of the pipe, and lying 
upon it as a cover hinders the free paffage of 
the air into the barrel; againft which inconve- 
nience, to add that upon the by, we ufc a- 
mongtt other expedients to place juft about the 
orifice of the pipe a fmall cover of tin, like 
that of a little box, which covers it at the top 
to hinder any thing from lying immediately 
upon the pipe, and has a {mall opening or two 
in the fide, to give the air of the receiver free 
acccfs to the pipe. 

Tue {quare and hollow wooden part of this 
engine, difcernable in the firft plate, 1s fo 
made; that it may contain not only the cylin- 
der, but fo much water, as will always keep 
the cylinder quite covered with that liquor ; 
by which means the fucker, lying and playing 
always under water, is kept full turgid and 
plump, and the water being ready at hand to 
fill up any little interval or chink, that may 
happen to be between the fucker and the infide 
of the barrel, does, together with the newly 
mentioned plumpnefs of the fucker, very much 
conduce to the exact keeping out of the aur. 
But this advantage is not without fome incon- 
venience ; for divers times, if great care be not 
taken in turning the ftop-cock, the water will 
be impell’d into the receiver, and much preju- 
dice fundry experiments, when the included 
bodies are fuch that may be fpoiled or impaired 
(at leaft for the prefent) by that liquor. The 
{malnefs of our cylinder 1s a convenience in re- 
gard of the facility it affords to make and dif- 
patch thofe many experiments, that may be per- 
formed in {mall receivers, though it make thofe 
more troublefome and tedious, that require the 
exhauftion of large and capacious ones. 

Tue flat plate (mentioned a little above) 
has this great conveniency in many experi- 
ments, that the receiver needs no ftop-cock of 
its own; for fuch a veffel being made all of an 
entire piece of glafs, and whelmed on upon the 
plate well covered with cement, can better keep 
out the air, than if there were a ftop-cock, at 
which the air does but too frequently get in: 
but befides that in divers experiments fuch re- 
ccivers do ufually require to be wide mouthed, 
whereby a greater compafs is to be fenced a- 
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gainft the ingrcfs cf the air, feveral experi- 
ments cannot fo convemently be tryed in this 
fort of receivers. 

But becaufe, that though this fecond form 
of our engine hath as to feveral purpofes its 
peculiar conveniencics and advantages, yet 
fome virtuofi may be furnifhed with the 
other already, arid fome may conceive it the 
more clearly of the two, or may judge it pre- 
ferable for their particular d< fizns; I fhall here 
intimate, that for moft of the experiments, if 
not all, that follow in this treatife, they may 
make ule of, or at leaft make a fhift with the 
firft engine, with a few alterations; whereof 
the chief is to be this, that to the upper part 
of the great cylinder, on the fide oppofite to 
the iron-rack, there is to be faftned fuch a 
fquare board, and fuitable iron-plate, as is ufed 
in the fecond engine; betwixt which board and 
plate is to be lodged {uch a pipe as was lately 
defcribed, being cither a continuation of the 
outward branch of the ftop-cock, or elfe firmly 
faftned to it by fodering or fcrewing: for by 
this means,when the fucker is depreffed, the air 
will through the cavity of this pipe, and the 
ftop-cock w'.ercto it is annexed, pafs freely, by 
virtue of its own f{pring, out of the receiver into 
the exhaufted cylinder; though this, and the 
fucker that moves in it, being not kept, as in 
the fecond form of the engine, under water, the 
greater care will be needed to keep the air 
from infinuating itfelf between them. A sood 
cement, to faften the receivers to the often 
mentioned plate of iron, is a thing of no fmall 
moment in making the following experiments, 
of which we imploy differing compofitions for 
differing purpotes, fome of which are not ne- 
ceffary to be mentioned in that part of this 
work, that now comes forth; but that, which 
in almoft all the following trials we chiefly 
make ufe of, is a well wrought mixture of yel- 
low bees wax and turpentine, which compofi- 
tion, as it ferves better than moft others to keep 
out the air, fo it has the conveniency, which 
is no {mall one, of feldom needing to be heated, 
and feldomer to be much fo; efpecially if we 
imply a little more turpentine in winter than in 
fummer, in the former of which feafons, as 
much, or very near as much of that ingredient 
as of the wax does well, for as in fummer a 
mixture of three parts of wax to about two of 
turpentine is more proper. 


A CONTINUATION OF 


NEW EXPERIMENTS 


PHYSICO-MECHANICAL, 


TOUCHING THE 
SPRING and WEIGHT of the AIR, and ther EFFECTS. 


My Dear Lorp, 
Gu I have already in proper places 


of the phyfico-mechanical experiments 

about the air, which I formerly prefent- 
ed your lordfhip, given you a fufficient ac- 
count of feveral things touching the fcope, oc- 
cafion, &c. of my attempt; it will not be 
neceflary to make a folemn preface to the en- 
fuing experiments. And therefore prefuming 
upon an acceptance, which the favourable 
entertainment, which your lordfhip, as well 
as the publick, was pleafed to give my frit 
trials of this kind, encourages me to expect, I 
fhall, without troubling you with any further 
preface, immediately fall upon a continuation ; 
efpecially fince your lorafhip will perhaps won- 
der, that you have not received it much fooner, 
as, indeed, you fhould have done, if I had 
been befriended with accommodations and 
leifure. 


EXPERIMENT I. 


About the raijing of mercury to a great height 
in an open tube, by the foring of a little in- 
cluded air. 


IVERS ways have been propofed to 

fhew both the preffure of the air, as the 
atmofphcre is a heavy body, and that the air, 
efpecially when comprefs’d by outward force, 
has a {pring, that enables it to fuftain or refift 
a preffure equal to that of as much of the at- 
mofphere, as can come to bear againft it; and 
alfo to fhew, that fuch air as we live in, and 
is not condenfed by any human or adventi- 
tious force, has not only a refifting fpring, 
but an active fpring (if I may fo fpeak) in 
fome meafure, as when it diftends a flaccid or 
breaks a full-blown bladder in our exhaufted 
receiver. 

BuT obferving, that there feems to want a 
vifible experiment to convince thofe, that are 
not fo eafily fatished with reafons, though 
drawn by juft confequence from phyfical or 
mechanical truths, or even from other experi- 
ments; taking notice, I fay, hereof, I made 
the following experiments; not fo much to 
prevent or remove a fcruple no better ground- 
ed, as to have a new way of making an efti- 


mate by fome known and determinate mea-. 


fure of the force of the bare {pring of the air, 
both in its natural ftate, (as it is faid to be, 
when not comprefied nor rarified, more than 


the free air we breath,) and according to its 
feveral degrees of expantfion. 

We took then a vial, with a neck not 
very large; and having filled about a fourth 
part of it with quick-filver, we fo erected 
and faftened a long and flender pipe of glals, 
open at both erds in the neck of the vial, 
with hard fealing-wax, that the lower end 
reached almoft to the bottom of the quick- 
filver, and the upper more than a yard above 
the vial. Then having blown in a little air, 
to try, whether the inftrument did not leak, 
(which it is very difficult to keep fuch inftru- 
ments from doing,) we conveyed it into a 


long and flender receiver, fit for fuch an ufe; See Plate 
and having withdrawn the air as well as we UI -Fig.r. 


could, we found, according to our expectation, 
that the {pring of the air, included in the 
viol, impelled up the quick-filver into the 
erected pipe, to the height of 27 inches; and 
having fuffered the external air to return into 
the receiver, the quick-filver fubfided in the 
tube, fometimes almoft, and fometimes quite 
as low as the ftagnant quick-filver in the 
vial, 

For the better illuftration of this experi- 
ment, thus fummarily related, but with the 
like fuccefs, as to the main, feveral times re- 
peated, we will fubjoin the following obferva- 
tions and notes. 

I. TuatT we tried this experiment feve- 
ral times, and the laft time in the prefence of 
the famous Savilian geometer, Dr. Wallis, 
who faw the quick-filver in the pipe impelled 
up to 27 inches, being one himfelf of the 
meafurers. And though at other times we found 
it to be much about the fame height with the 
laft, yet once it feemed plainly to be a pretty 
deal higher ; which yet we {pecified not, be- 
caufe a mifchance took off the mark, which 
we had made to meafure the height by. 

II. Havince once, to try the ftanchnefs 
of the vial, blown in fo much air, (without 
taking out any thing as we ufe to do in the 
like cafe) that the air in the cavity of the viol 
raifed and kept the quick-filver 3 inches high 
in the pipe, when we went on with the reft of 
the experiment, according to the way above 
defcribed, we found, by emptying the receiver 
of air, that we were able to raife the quick- 
filver in the cane 30 inches, or fomewhat 
more above that in the vial, 
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IiI. Sometimes it may happen, that the 
mercury, when taken very foon out of the 
receiver, will not appear to have fubfided to 
its firit lownefs, which perhaps it will not fink 
to in fome while after: which is not to be 
wondered at, fince in fuch a receiver, which 
contains but little air, the heat of the cement 
and the iron, imployed to melt it quite round 
the receiver, may impart a little warmth to the 
air in the vial, which will after return to its 
former temper. But this accident is neither 
conftant nor neceffary to the experiment. 

IV. Ir is very remarkable, that if the re- 
ceiver be fitly ftopped, and flender enough ; 
upon the turning of the ftop-cock, to let out 
the air at the firft exfuction, the mercury will 
be impelled up by the {pring of the air in the 
viol, fuddenly flying abroad or ftretching it- 
felf, fo that it will be raifed feveral inches 
above the height it will reft at afterwards, and 
will make feveral vibrations up and down be- 
fore it come to fettle, juft as the mercury does 
in the Torricellian experiment, (the bare pref- 
fure of the little air doing here to the mercury 
what the weight of the atmofphere does there,) 
and fuch motions of the mercury will be made 
four or five fubfequent exfuctions, upon the 
withdrawing of the air in the receiver. But 
as thefe grow leffer and leffer, as the {pring of 
the included air grows fainter, fo none of them 
is any thing near fo confiderable as the vibra- 
tions made upon upon the firft fuck. 

V. AGREEABLE hereunto we obferve, that 
at the firft exfuction, when the {pring of the 
inclujed air was yet ftrong, the mercury would 
be raifed by our eftimate above half, if not 
% of the whole height, whereto it will at length 
be brought, (though that muft be according 
to the bignefs of the receiver, and other cir- 
cumftances,) and the fubfequent exfuctions do 
{till add lefs and lefs proportions of height to 
the mercurial cylinder, and that for two rea- 
fons: the one, becaufe the more there is of 
mercury impelled into the tube, the greater 
weight of mercury preffes upon the included 
air: andthe other, becaufe the air has fo much 
the more room in the vial to expand ifelf, 
whereby its {pring muft be proportionably 
weakened. 

LasTLiy, when we made moft of thefe 
trials, I had the curiofity to obferve the height 
of the mercury 1n a good barometer; and 
thereby found, that the air was then but light; 
its greateft height reaching but to 29 inches, 
and 3, and its height foon after the trial, where- 
of Dr. Wallis was a witnefs, amounting but to 
29 inches. | 

To make an eftimate of the quantity of 
air, that had raifed the quick-filver to 27 
inches, we took the vial, that was imployed 
about this experiment ; and having counter- 
poifed it, whilft it was empty, we afterwards 
filled it with water, and found the liquor to 
weigh 5 ounces, 2 drams, and about 20 grains; 
and then having poured out the water, till it 
was funk to a mark, which we had made on 
the outfide of the glafs, to take notice how 
high the, quick-filver reached, that we poured 
in: and laftly, weighing the remaining water, 


equal in bulk to the auick-filver, we fourd 
it to amount to 1 ounce, 2 drams, 14 grains; 
fo that the air, that had raifed up the mercu- 
ry, poficfied (before its expanfion) in the vial 
the place but of 4 ounces, and a few odd 
grains, 1. e. of about + of a pint of water. 
And as for the pipe alfo, imployed about the 
{ame experiment, we found its cavity to have 
about = part of an inch in diameter. 

Ir was one of the ufes I hoped to make of 
this experiment, that by comparing the feveral 
degees of expanfion of air included in the vial 
with the refpective and increafing heights of 
the mercury, that was impelled up into the 
pipe, fome eftimate might be made of the 
force of the fpring of the air weakened by fe- 
veral degrees of dilatation; but for want of 
conveniencies I forbore to venture upon fuch 
nice obfervations, efpecially becaufe the prcf- 
fure of the dilated air, that remains in the re- 
ceiver, and is external to the air included in 
the vial, muft alfo be taken into confidera- 
tion. 

ANnoTHER ufe of our experiment may be 
this; that it may fupply us with a confiderable 
argument againit fome learned men, who at- 
tribute the fufpenfion of the quick-filver in the 
Torricellian experimentto acertain rarified mat- 
ter, which fome call a funiculus, and whereto 
others give other names; which rarified fub- 
{tance they fuppofe to draw up and fuftain the 
quick-filver, in compliance of nature’s abhor- 
rency of a vacuum. For in the experiment 
under confideration, the quick-filver being not 
only fuftained at the height of 27 inches in 
the tube, but elevated thither ; if the caufe of 
this be demanded, it will be anfwered, ac- 
cording to their hypothefis, that the air in the 
receiver, external to that of the vial, being, 
by reafon of the fucking out of fome of it by 
the pump, more rarified than that in the vial, 
it draws up to it the quick-filver in the cane, 
and the more it is rarified, the higher it is en- 
abled to draw it. But then I demand, whence 
it comes to pafs, that though we can, by 
perfevering to pump, more and more rarify 
the little remaining air, or the acreal fubftance 
in the receiver, that in the vial not appearing 
to be alfo rarified, yet the air in the receiver 
does not by virtue of its fuperadded rarefaction, 
whereby it exceeds that of the air in the vial, 
pull up the quick-filver to a greater height in 
the tube than 27 inches: for, that this is not 
the greateft height, to which mercury may be 
raifed by this rarified fubftance, our adverfaries 
muft not deny, whotell us, that in the Torri- 
cellian experiment it fuftains a mercurial cylin- 
der of 29 inches, and ?, and can raife a cy- 
linder of 29 inches to 29 3, or higher, in 
cafe that the cylinder be made to vibrate up 
and down in the tube. 

Awp as for thofe, that will in fuch cafes, 
as our experiment fuggefts, have recourfe only 
to that which they call the fuga vacui, they 
may pleafe alfo to confider, that fince the 
quick-filver remains the fame, its afcenfion in 
the tube will not be available for what they 
think to be nature’s purpofe ; for, whether it 


reach higher or lower in the tube, it will adz- 
quately 


NT 


See thelat- 
ter part of 
thefollow- 
ing Expe- 
rument, 
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quately fill no more fpace in one pofiure, or 
in one figure, than in another, in what part 
foever of the cavity of the receiver it be 


placed. 
EXPERIMEN T II. 


Shewing, that much included air raifed mercury 
in an open Tube, no bigher than the weight of 
the atmofphere may in a barofcope. 


N the former experiment, by reafon of the 

fmalnefs of the vial, that was employed 
about it, there was fo little air included, that 
the expanfion of it, fo far as was requifite to 
impell up the mercury in the pipe to the above 
mentioned height of 27 inches, may be pro- 
bably fufpected to have very much weak- 
encd its {pring, and therefore it may be thought, 
that (efpecially confidering the great force, that 
feveral of our experiments maniteft imprifoned 
air to have,) if there were a greater quantity of 
air included in the veffel, fo that the expanfion, 
fufficient to raife the mercury to the former 
height, would not need to be confiderable, 
(becaufe that the capacity of the tube being 
but the fame, the whole included air will be 
fo much the lefs expanded, by how much the 
more of it there is,) 1t feemed probable, that 
the fpring of the air, being but a little weak- 
ened by fo fmall a dilatation, would remain 
{trong enough to raife a much taller cylinder 
of mercury in the tube, and perhaps make the 
liquor run ever into the receiver. 

But though this fuggeftion feem probable 
enough, yet when I confidered, that the weight 
of the atmofphere is able to fuftain a cyiinder 
of quick-filver but of 30 inches, or thereabouts 
(in perpendicular keight) and confequently, 
that the preffure of fuch a mercurial cylinder 
is equivalent to that of an atmofpherical cylin- 
der of the fame bore; it was not dificult to 
conclude, that fince the air ina vial, before 
the mouth is clofed, has a {pring but equal in 
ftrength to the weight of the atmofpherical 
pillar that leans upen it, (for if the {pring 
were too ftrong for the weight that leans on it, 
fome of the air would get out of the vial) a 
greater vial, and confequently a greater quan- 
tity of included air would not be able by its 
{pring to elevate and fuitain a longer cylinder 
of mercury, than the weight of the atmofphere 
is able to do; nor indeed altogether fo much, 
becaufe of fome little (though but little) dimi- 
nution of the fpring by fome (though but a 
{mall) expanfion, that the included air fuffers, 
by fuccecding in the place of mercury, that is 
impelled up. 

To clear therefore this matter by an expe- 
riment, we took a ftrong glafs-bottle, capable 
of holding about a quart of liquor; and ha- 
ving put into it a convenient quantity of quick- 
filver, we erected in it a very long and flender 
pipe of glafs, open at both the ends, and 
reaching at the lower end beneath the furface 
of the ftagnant mercury; and having faftened 
this pipe in the neck of the bottle, by choak- 
ing up that neck very accurately with good 
cement, that none of the included air might 


be able to get out, we conveyed the whole 
y 4 


into a receiver, like that imployed about the 
firft experiment in fhape, but much larger, that 
it might be able to contain fo great a veffel ; 
and then the engine being fet at work, we 
quickly raifed the quick-filver to a greater 
height than formerly; and when we faw it 
come to a ftand, we did by the help of fome 
marks, made bcfore-hand on the pipe, and 
by the help of a very long and well divided 
ruler, meafure, with as much care and accu- 
ratenefs as the figure of the veffels would al- 
low us to do, the height of the mercurial cy- 
linder, which we found to be 29 inches, and 
about 3, to which abating half an inch, which 
was railed, before the pump was employed, 


‘by fome air, that had been blowed into the 


bottle, to try whether it were ftanch ; deduct- 
ing, IT fay, this half inch of quick-filver, which 
remained in the tube after the external air was 
let in, (as well as it had been there before the 
receiver was exnaulted,) out of the newly men- 
tioned number there remained 29 inches, and 
near #, for the height of the mercury, raifed 
by the {pring of the air, fhut up in the bottle; 
and then coniulting with the above-mentioned 
barofcope, which ftood in a window in ano- 
ther part of the houfe, I found, that the 
weight of the atmofphere did bear a mercurial 
cylinder of about 29 inches and 3, which was 
higher by ¢ than that to which the fpring had 
raifed the quick-filver in the exhaufted receiver: 
and the difference perhaps would have been 
greater, if the place, where the experiment 
was made, had not by its warmth added fome. 
little matter to the {pring of the air; and if 
alfo we could have kept the mercury fo long 
elevated, as to give it leave to ditcharge its 
felf of thofe {mall bubbles, which it is a]lmoft 
impoffible in fuch experiments as this to tree 
quick-filver from, without fome help from 
time. 

Lastuy, though we caufed the pump to be 
plied, to try whether we could not, by the 
more diligent exfuction of the receiver, raife 
the gquick-filver above the height of that, which 
thea tmofphere kept juftained in the baroicope ; 
yet our labour gave us but a confirmation, that 
the fpring of the air would not raife the 
mercury higher, than did the weight of the 
atmofphere, which may not a little confirm 
the fecond obfervation. 

N.B. Tis was not the only nor the firft 
experiment we made of this kind ; but this be- 
ing carried on without mifchances, (with which 
divers others were attended,) and made with 
much care, I thought fit to fet down this in- 
{tead of all, intimating generally about the reft, 
that they feemed to agree well for the main 
with that, which is here recited. Only there 
is one thing relating to thofe other experiments, 
that feems not altogether unworthy to be taken 
notice of ; which is, that when our trials were 
made in veffels, that contained a confiderable 
quantity of air, though upon the exhauftion 
of the receiver, the {pring of the included air 
could not raife the quick-filver to the top of 
the pipe, yet fometimes by other effects it 
manifelted itfelf to be very ftrong, as once or 
twice by the blowing out or breaking the cork 

or 


touching the SP RI 

or cement, and other matter that was imployed 
to ftop the glafs it was fhut in; and once by 
an accident too memorable to be here paffed 
over in Gilence. 

I had one day invited Dr. Wallis to fee fuch 
an experiment as I have been relating, made 
with (not a vial, but) a bottle of green glafs, 
(fuch as we ufe now for wine,) and four or five 
pounds of mercury. After this learned perion 
and I had continued fpectators as long as we 
thought fit, we withdrew into another room, 
where we had hot fat long by the fire, before 
we were furprized by a fudden noife, which 
the perfon, that. occafioned it, prefently came 
running in to give us an account of, by which 
it appeared, that this ingenious young man, 
(whom I often imploy about pneumatical expe- 
fiments, and whom ] mentioned to your Lord- 
fhip, becaufe 7. /. has the honour to be fome- 
what known to you,) being defirous in our ab- 
fence to fatisfy the curiofity he had to know, 
whether the quick-filver could not be raifed 
higher in the pipe than I had foretold, plyed 
the pump fo obftinately, that at length the 
bottle being nct, it feems, every where equally 
ftrong, the imprifoned air found it more .diffi- 
cult to make the quickfilver run over at the 
top of the pipe, than to break the bottle in the 
weakeft place ; ‘and accordingly did not only 
throw off a piece of the bottle, but threw it 
with fuch violence againft the large and ftrone 
receiver, as broke that alfo, and rendered it 
unferviceable for the future. But the doétor 
and 1 laying together the pipe, which hap- 

ened to be broken into but few pieees, con- 
cluded by the place, to which we were told it 
reached when this accident happened, that it 
had not exceeded, nor indeed fully equalled the 
height, to which the weight of the atmofphere 
might have raifed it. 


EXPERIMENT IL 


Shewing that the [pring of the included air will 
raife mercury to a.mofe equal beights in very 
unequal tubes. 


A VING fhown in the two former ex- 
_& periments, that the active ftreneth of 
the air’s {pring is very confiderable, I thought 
good alfo to examine, whether or no to the 
other refemblances in operation between the 
weight of the free air, and the preffure of the 
includec air, this alfo may be added, that as 
the gravitation of the atmofphere is able (as we 
fhall hereafter prove) to fuftain the mercury at 
the fame height in leffer and greater tubes, 
fealed at the top; fo the preffure of the in- 
cluded air may be able to fuftain the mercury 
at the fame height in flenderer and in larger 
tubes, though in the latter it muft fuftain a far 
greater weight of mercury than in the former; 
provided allowance be made for the weakening, 
which the fpring of the included air muft be 
fubject to, by reafon that, to fucceed in 
the place of a large cylinder of mercury 
impelled up into the greater tube, it mutt 
expand it¢felf more, and confequently have 
its {pring more weakened, than if the tube 
were flender. 


Vou. I, 
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ofthe AIR. 


To profecute this experiment, I thought on 
a peculiar fhape of veffels, which, if 1 had been 
where there is a glafs-houfe, I would have 
caufed to be blown for the more convenient 
trying of two pipes of different bores at the 
fame time. But though I wanted this accom- 
modation, I thought I might well enough 
fhew what I intended by imploying fucceffive- 
ly two tubes of very differing fizes, provided 
the vefiel for the including of the air were the 
fame. | 

WHEREFORE taking the glafs- bottle, 
made ufe of to try the former experiment, and 
erecting ‘in it after the manner above defcribed 
a cylindrical pipe of glafs, a good deal larger 
than the former, (if not as large again) we pro- 
fecuted the experiment as we had made. it, 
with the flender tube above mentioned, and 
found, that we were able, by the fpring of the 
airin the bottle, to raife the quick-filver to a 
confiderable height, which, meafuring as well 
as the veffel would allow us, was, by the leaft 
eftimate that was made of it, (which was mine) 
28 inches, and 4, by which it appeared to 
want fomewhat above an inch of the height 
of the mercurial cylinder, which the weight of 
the atmofphere could have fuftained, as ap- 
pear’d by the barometer, wherein the quick- 
filver at that time was about 29 inches, and z 
high ; which difference was no more than I 
-expected, confidering, that, whereas the weight 
of the atmofphere 1s full the fame, when the 
mercury is at its full height (and that whether 
the pipe be great or fmall) in a fealed tube; 
the {pring of our included air muft needs be 
weakened the larger the tube is, and the 
higher the liquid metal is impelled in it; fo 
that it {semed a confiderable pheenomenon, that 
the {pring of fo little air fhould be able to raife 
the mercury as high within an inch or there- 
abouts in a wider as in a flenderer tube, fince 
the diameter of the cavity of the former being 
by our eftimate.double to that of the latter, (in- 
to which the flender pipe could eafily be put 
as into a cafe too big for it:) the greater mer- 
curial cylinder may be fuppofed to have weigh- 
ed near four times as much as thé leffer ; I fay, 
near, becaufe there was an inch difference in 
their heights: but in cafe thefe had been equal, 
then the folidities of the cylinders would have 
been to one another as their bafes; and fince 
thefe, being circular, are in duplicate propor- 
tion to their diameters, that is, as the {quares 
of their diameters; it is plain, that if the diame- 
ters be as one to two, the fquares of them mutt 
be as one to four; and thefe cylinders confifting 
of the fame mercury, their weights will have 
the fame proportions with their folidities, and 
confequently would be as one to four, making 
the abatement formerly intimated for the inch 
anda little more of mercury, by which the 
larger cylinder came fhort of the height of the 
former. | 

N.B. 1. This and the two former experi- 
ments tried by us with quick-filver may be 
alfo tried with water; but befides that we 
could hardly procure tubes long enough for 
fuch trials, we were not very follicitous about 


it: for if we attentively enough confider, a a 
as 
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has been already delivered, and the proportion 
in fpecifick gravity betwixt water and quick- 
filver, (whereof the latter is near 14 times as 
heavy, bulk for bulk, as the former) it will not 
be difficult to forefee the event of fuch experi- 
ments, which he, that has a mind to make, 
fhould be furnifhed not only with long tubes, 
but with capacious veffels to fhut up the air 
in; elfe the air will be fo far expanded before 
the water has attained near ‘the height, to 
which the weight of the atmofphere may raife 
it, that the experiments will not feem to fuc- 
ceed near fo well with water, as ours did with 
quick-filyer. 

2. We thought it worth trying, whether, 
when the included air had raifed the great cy- 
linder of mercury to the utmoft height, it 
could elevate it to, by the fpring it then had, 
it would not be broughtto raife the quick-filver 
yet higher, if, notwithftanding the expanfion 
it had already, there were an agitation made 
by the heated corpufcles of the fame air. And 
in purfuance of this curiofity having caufed an 
hot iron and a fhovel of kindled coals to be 
held near the oppofite parts of the receiver, 
we perceived after a while, that the mercury 
afcended £ of an inch or better above the 
greateft height it had reached before. But con- 
jeCturing, that it would have rifen higher, were 
it not, that whilft the application of the hot bo- 
dies was making, fome particles of air had un- 
perceivably ftolen into the receiver, I caufed 
the pump to be plied again to withdraw the 
air, I fufpected to have got in, by which means 
the mercury was quickly raifed ¢ of an inch, 
or better, by virtue of this adventitious {pring, 
(if I may fo call it) which the included air ac- 
quired by heat; and I made no doubt, that it 
mught have been raifed much higher; but I 
was unwilling by applying a lefs moderate heat 
to hazard the breaking of my glaffes, in the 
place I then was in, where fuch a mifchance 
could fcarce have been repaired. 


EXPERIMENT IV. 
About anew hydraulo-pneumatical fountain, made 
by the {pring of uncompreffed air. 

SHALL now add fuch an application of 
| the principle, whereon the former experi- 
ment was grounded, as I fhould fcarce think 
worth mentioning in this place, were it not, 
that befides that divers virtuofi feem not a lit- 
tle delighted with it, it may for ought I know 
prove to be of fome philofophical ufe (to be 
pointed at hereafter.) 

W «£ took a glafs-bottle with a convenient 
quantity of water in it, and fitted this bottle 
with a flender glafs-pipe open at both ends, and 
about three foot long, which was fo placed, 
that the lower orifice was a good way beneath 
the furface of the water, and the pipe it elf 
paffed perpendicularly upwards through the 
neck of the bottle, which neck was, by the 
pipe and by good hard ceinent imploy’d to fill 
the {pace betwixt the pipe and the infide, fo 
well and firmly clofed, that no water or air 
could get out of the bottle, nor no external air 
could get into it, but by paffing through the 


pipe. This inftrument was conveyed into a See Plate 
large receiver fhaped like a pear, of which a ie ee 
good part of the blunt end, and a {mall part of was deiign- 
the {harp end are cut off by fections parallel to edonly to 
the horizon, and confequently to one another. see toes 
And becauie this receiver was not (nor ought ae a 
to be) long enough to receive the whole pipe, difference, 
there was cemented on to the upper part of it that would 
a f{maller receiver of white glafs, of fuch a fe ae . 
length and bignefs, that the upper end of the of making 
pipe might reach to the middle of its cavity, the fourth 
or thereabouts, and that the motions of the &xperi-_ 
{pringing water might have a convenient fcope, ) ay 
and fo be the better taken notice of. in the fore- 
TuHis double receiver being cemented on going f- 
to the engine, a little of the air was by one S¥é the 
- , trial was 
fuck of the pump drawn out from it, by which page with 
the preffure of the remaining air being weaken- quickfil- 
ed, it was neceffary, that fince the air included ver- 
in the bottle had not its {pring likewife weaken- 
ed, it fhould expand it felf, and confequently 
impel up the water in the fame bottle through 
the pipe, which it did fo vigorouly, as to 
make it ftrike brifkly at firft againft that part 
of the top of the {maller receiver, which was 
juft over the orifice of the pipe. But after it 
had a while made the water thus fhoot up ina 
perpendicular line, as the fpring of the air in 
the bottle grew by thar air’s dilatation to be 
weakened, the water would be impelled up lefs 
{trongly and lefs directly, till the air in the 
bottle being as much expanded as that in the 
receiver, the afcent of the water would quite 
ceafe, unlefs by pumping a little more air out 
of the receiver we renewed it again. | 
AsoutT the making of this experiment 
thefe particulars may be noted. 
I. It is convenient, that the upper part of 
the pipe be made (as it eafily may be at the 
flame of a lamp) very flender, that the water 
having but a very {mall orifice to iffue out at, 
may be fpent but flowly, and thereby make 
the experiment laft fo much the longer. 
I]. You may, if you pleafe, inftead of 
making the upper part of the pipe flender, as 
was juft now directed, cement on to it a top 
either of glafs or brafs, confifting of three or 
more very flender pipes, with a pin-hole at the 
end of each, that one of thefe pointing direét- 
ly upwards, and the others to the right hand 
and to the left, the water may {pin out feveral 
ways at once, by which kind of branched pipes 
we have fometimes imitated the Fets d’eau (as 
the French call them) and artificial fountains of 
gardens and grotto’s. 
IJ. In regard that fo fhort a cylinder of 
water, as exceeded not the length of our glaf 
pipe, could not make any confiderable refiftance 
to the expanfion of the included air, it was 
thought and found fafe enough to imploy in- 
ftead of a ftrong glafs-bottle a much larger vial, 
without being follicitous about its fhape, or 
that it fhould be very ftrong, and by this 
means we could make this pleafant fpectacle 
laft a great while, efpecially if we alfo made 
ufe of the expedient to be mentioned in the 
following note. - 
4. IF you find, that the included air has 
by expanding it felf too much weakened its 
z {pring, 


touching the SPRING of the AIR. 


fpring, whilft there yet remains with it a good 
quantity of waterin the bottle or vial, you may 
reinforce the prefiure of the air by only turn- 
ing the ftop-cock, and letting in what air you 
think fit to the exhaufted receiver: for upon 
the admiffion of this new air, the air in the re- 
ceiver will prefs upon the water in the pipe, 
and having driven it into the bottle again, 
will follow it thither, till the air in the bottle 
and that in the receiver have attained an equal 
fpring, and then by pumping out a convenient 
quantity of the air contained in the latter, the 
air fhut up in the former will be able to impel 
up the water as before, till the ftagnant liquor 
be depreffed to the lower orifice of the pipe, at 
which, when the air of the bottle can get out, 
the courfe of the water upwards muft ceafe. 

Tue Ufes I made of this new hydraulo- 
pneumatical fountain (for in it I aim not only 
at a ludicrous experiment) were principally 
thefe, 

Tue firft was to make it the more proba- 
ble, that if we had had convenient veffels, we 
might by the preffure of the air included in the 
bottle have raifed water about fourteen times 
as high as we did quick-filver in the former 
experiment, {ince upon but a little weakening 
of the prefiure of the air in the double receiver, 
the air in the bottle was able to impel the wa- 
ter forcibly enough, and for a pretty while, to 
the top of a pipe of about a yard Jong, and a 
good deal higher. (But this is but a flight 
ufe.) : : 
Tue next thing therefore we defign’d to 
fhew by this-experiment was, thatin thofe hy- 
draulo-pneumatical engines, where water is 
placed between two parcels of air, the water 
may be fet a moving as well by the meer dila- 
tation of one of the parcels of the air, as by 
giving a new force by heat or compreffion to 
the other, and whether this mechanical princi- 
ple of motion may hereafter prove not altoge- 
ther ufelefs in engines, we refer to further 
confideration. 

ANOTHER ufe we made of this experi- 
ment was to fhew fomewhat relating to the 
{pring of the air, which may be worth confi- 
dering, though we fhall now but barely men- 
tion it. Hf then, when fome of the air had 
been pumped out of the receiver, we removed 
that double veffel from the bottle, the external 
wir would by its weight haftily deprefs the wa- 
ter in the pipe, till having driven it to the very 
bottom, it got up in numerous bubbles through 
the water, and joined it felf with the air in- 
cumbent on that liquor: but that which was 
here obfervable was, that all the external air 
that was able to get into the bottle, did not do 
it fuddeniy, but after the firft irruption we 
could perceive, that from time to time there 
would new portions of air leifurely infinuate 
themfelves through the pipe into the bottle, 
and emerge through the ftagnant water in 
bubbles, that fucceeded one another fo flowly, 
as to beget fome wonder, as if ‘the {pring of 
the included air having been once put out of 
its wonted conftitution by its late expanfion, 
could not be reduced to it but by degrees by 
the weight of the atmofphere, which was ftill 


the fame: or, rather, as if between the {pring 
of the included and the preffure of the external 
air counterballancing each other, there hap- 
pen’d fome fuch thing as is obferv’d in an or- 
dinary pair of fcales, of which one is too much 
deprefied, where the motion (which was {wift 
enough at firft) becomes fo much the flower, 
by how much the weights come nearer to the 
zequilibrium, which theirequality difpofes them 
to reft in. 

Bur the chief ufe defigned in this experi- 
ment was, toobferve, whether the lines, made 
by the water in its effuxions, would be of the 
fame figure, notwithftanding the rarifaCtion of 
the air in the upper part of the receiver, as 
if the air had not been at all rarified: and for 
this purpofe it is beft to make one’s obfervations 
towards the latter end of the experiment, be- 
caufe then the receiver being moft exhautfted, 
and confequently having the leaft of air left in 
it, the difference made by the change of the 
denfity of the medium, in which the beams of 
water (if I may fo call them) move, is like (in 
cafe there be any) to be beft difcerned. . And 
this convenience we had by our way of expe- 
rimenting, that we could take notice of the 
lines defcribed by the falient water, as the eja- 
culation of that liquor grew ftill fainter and 
fainter. But though I afterwards invited Dr. 
Wallis to favour me with his opinion about 
the curve lines of the falient water, yet for 
want of an upper receiver large enough, even 
he profeffed himfelf (as I had done) not fatif- 
fied about them. Only he fometimes (as I alfa 
did) obferved the falient water to defcribe part 
of a line perfectly enough parabolical, with 
which fort of curves he has been particularly 
converfant, 

I'nis made me refolve for further fatif- 
faction to attempt by another contrivance, (of 
whofe fuccefs, if I can procure the implements 
Ineed, your lordfhip may expeét an account) 
what the figures will be not only of falient wa- 
ter, but mercury, and other liquors; and that 
when the receiver is much better exhaufted, 
than it was neceffary it fhould be in the fore- 
going experiment. 


EXPERIMENT VV. 


About a way of fpeedily breaking flat glaffes, by 
.the weight of the atmofpbere. 


RSs the more eafy underftanding of fome 
of the fubfequent trials, it will be requi- 
fite in. this place to mention, among experi- 
ments about the {pring of the air, the following 
phenomenon belonging to its weight. 

Tuts is one of thofe, that is the mot 
ufually fhewn to ftrangers, as a plain and eafy 
proof, both that the weight of the incumbent 
air is confiderable, and that the round figure 
of a receiver doth much more conduce to 
make an exhaufted glafs fupport that weight, 
than if the upper part of the receiver were flat. 

To make this experiment we provided 2 
hoop or ring of brafs of a confiderable thick- 
neis, whofe height was 2 3, or 3 inches, and 
the diameter of whofe cavity as well at the. 
upper as lower orifice (fhould have been juft 
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5 inches, but through the error of the work- 
Inan) was 3 inchesand xs. To this hoop we 
fuccefively faftened with cement divers round 
pieces of glafs, fuch as 1s ufed by glafiers (to 
whofe fhops we fent for it) to make panes for 
windows, and thereby made the brafs-ring with 
its glafs-cover a kind of receiver, whofe open 
orifice we carefully cemented on to the engine; 
and then we found, as we had conjectured, 
that ufually at the firft exfuction (though fome- 
times not till the fecond) the glals-plate would 
be broken inwards with fuch violence, as to be 
fhattered into a great multitude of fmail frag- 
ments, and (which was remarkable) the irrup- 
tion of the external air driving the glafs in- 
waras did conftantly make a loud clap, almof 
like the report of a piftol Which phancome- 
non, whether it may help us to diicover the 
caufe of that great noife, that is made upon the 
difcharging of guns, (for the recoil feems to de- 
pend upon the dilatation and impulfe of the 
powder) I muft not ftay to confider. 


EXPERIMENT VI 


Shewing, that the breaking of gla/s-plates in the 
foregoing experiment, iieel not to be aftrived 
to the fuga vacut. 


HOUGH TIlong fince informed ycou, 

that in the experiments I then prefented 
your lordfhip, it was not my purpofe to deli- 
ver my own opinion, whether there be a va- 
cuum, or no; and though I do not in this 
tract intend to declare ny felf either way; yet, 
that I may on this occafion alfo fhew, that the 
preffure of the air may fuffice to account for 
divers phcenomena, which according to the 
vulgar philofophers muft be referred to nature’s 
abhorrency of a vacuum, I will illuftrate the 
foregoing experiment by another, the fubftance 
vhereof is this. 

VTuatr if, inftead of the above mentioned 
brafs hoop, both whole orificcs are of equal 
breadth, you imploy a hollow (but taller) 
piece of brafs, ‘or (which is more eafily made) 
of Jatten, fhaped like a conus truncatus, or a 
fugar-loaf, whofe upper part is taken off pa- 
rallcl to the bottom; and if you make the two 
orifices of a breadth fufficientiy unequal, as if 
the larger being made as wide as that of our 
brafs-hoop, the ftraiter were lefs than an inch 
in diametcr; you will find, that if this piece of 
metal be made ufe of, as the other was in the 
foregoing experiment, the flat glafs cemented 
on to the orifice, will be eafily broken, as for- 
merly when it is faftened to the wider orifice ; 
but if the ftraiter orifice be turned upward, the 
elais that covers it, if it be of a due thicknefs 
(though no thicker than the former) will re- 
main entire, notwithf{tanding the withdrawing 
of the air from beneath it: which feems fufh- 
ciently to argue, that it is not precifely nature’s 
abhorrency of a vacuum, that is the caufe, why 
glaffes are ufually broken in fuch experiments, 
fince whether the wider or the narrower orifice 
be uppermoft, and covered, (the metalline 
part of the veffel being the fame, and only va- 
rying its pofture) the capacity of the exhaufted 
veilel will be equal; and therefore nature ought 


to break the glafs as well in one cafe as the 
other, which yet the experiment fhews fhe 
does not. 

WHEREFORE this diverfity feems much 
better explicable by faying, that when the wi- 
der orifice is uppermoft, the glafs that covers 
it mult ferve for the bafis of a large atmofphe- 


rical pillar, waich by its great weight may eafi- 


ly force the refiftance of the glafs: whereas 
when the {maller orifice is uppermoft, there 
leans upon its cover but fo flender a pillar of 
the atmofphere, that the natural tenacity or 
mutual cohzefion of parts in the glafs is not to 
be furmounted by a weight, that is no greater. 


EXPERIMENT VI. 


About a convenient way of breaking blown blad- 
ders by the {pring of the atr included in thein. 


HE foregoing experiments having fuf- 

ficiently manifefted the ftrength of the 
airs {pring upon fluid bodies, I next thought 
fit to try, whether the force of a little included 
air would alfo upon confiftent and even folid 
bodies emulate the operations of the weight of 
the atmofphere. In the profecution of which 
enquiry we thought fit to make two forts of 
trials: the one, where the air is included in the 
bodies, on which its fpring does work; and 
the other, where it is external to them. Of 
the frit fort are this feventh and the two fol- 
lowing experiments ; and of the fecond fort are 
fome other trials, to be comprehended under 
the tenth experiment. 

HavinG formerly mentioned to your 
lordfhip, that we were feveral times able 
(though fometimes not without much difficul- 
ty) to make a blown bladder break with the 
{pring of its own air; I fhould not think it 
worth while to fay any thing here about the 
fame phoenomenon, but that (befides that it 
feems odd enough, and is not unpleafant to 
many fpectators) it may deferve not to be 
wholly neglected, becaule a good way to break 
bladders in the much exhaufted receiver may 
iometimes prove an ufeful expedient, efpecially 
in fuch cafes, where the experimenter (who 
fometimes either is not fkilful enough, or well 
enough turnifhed with accommodations to re- 
culate the ingrefs of the air) would very fud- 
denly fupply the receiver with frefh air, when 
it has been much emptied, without danger of 
letting in too much air from without. Not to 
mention, that the air, included in the bladder 
to be broken, may be fo mingled with fteams, 
or imbued with divers qualities, as to be much 
fitter than common air for fome particular 
purpoles. 

We thall then for the affinity’s fake between 
this trial and the former, fubioin now the way, 
by which we feldom failed of breaking blad- 
ders in our emptied receivers. For this pur- 
pofe, the blown bladder, that was to be burft, 
having the neck very clofely and ftrongly tied, 
was kept a pretty while in the receiver, whilft 
the air was pumping out, and then taken out 
again, that, now the fibres were ftretched and 
relaxed, the capacity being leffened by a new 
ligature that I ordered to be ftrongly made near 
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the neck, the bladder might be leffen’d though 
the air were but the fame, and the membrane 
being not fo capable of yielding as before, up- 
on the fecond exhauftion of the receiver-the 
bladder in it would break, far more eafily than 
otherwife, and perhaps be oddly enough lace- 
rated. 

We fometimes alfo varied this way of dif- 
pofing bladders to be burft, by omitting the 
preparatory putting in of the bladder into the 
receiver, and only taking it ina little near the 
neck, that, the bladder having not been blown 
very full-at firft, the tenfion of the included air 
might be greater. But this: laft way is to be 
made ufe of, when the thing we defire is, that 
the bladder by breaking at a certain time may 
part with its air, and not when ’tis only to give 
an inftance of the force of the {pring of un- 
comprefied air againft the fides of the vefiel 
that contain it. 


EXPERIMENT VIL 


About the lifting up a confiderable weight by the 
bare [pring of a little air included ina bladder. . 


OU will eafily believe, that the force im- 

ployed (in the foregoing experiment) by 
the air, to break the well blown bladders it is 
included in, is confiderable, if I here add, that 
a {mall quantity of air, which will not fill § of 
a bladder, will not only ferve to blow it quite 
up, but will manifeftly fwell it, though that 
effect be oppofed not only by the refiftance of 
the bladder it felf, but by a confiderable 
weight tied to the bottom of it, as in the fol- 
lowing experiment, 

We took a middle fized bladder (of a hog 
or fheep) and having preffed out the air, till 
there rernained but a fourth or fifth part (by 
suels) we caufed the neck to be very ftrongly 
tied up again: alfo round about the oppofite 


part of the bladder, within about an inch of : 


the bottem, we fo ftrongly tied another ftring, 
that it would not be made to flip off by a not 
inconfiderable weight we hung at it. Then 
faftening the neck of the bladder to the turning 
key, we conveyed the bladder and the weight 
hanging at it into a large receiver, in which 
when it began to be pretty well exhaufted, the 
air within the bladder being freed from the 
wonted preffure of the air without it, did by 
its‘own fpring manifeftly {well, and thereby 
notably fhorten the bladder that contain’d it, 
and by confequencé vifibly lifted up the 
weight, (that refifted that change of figure) 
which exceeded fifteen pound of fixteen-ounces 
to the pound. : 
AFTER that we took a larger bladder, 


and having let out fo much air, that it was left - 


Jank enough, we faftened the two ends of it to 
the upper part of the receiver, (for which elfe 


it would have been too long) and tied a weight - 


(but not the fame) fo as that it hung down 
fromthe middle of the bladder: 
haufting the receiver as before, though the 
bladder, and this new weight which ‘ftretched 


it, reached fo low, as that for a while we could - 


{carce fee, whether it hung in the air or no, yet 
- at length we pereeived thg bladder to {well, and 
Vou. III. ee sae 


then eX- - 


concluded, that it had lifted up its clog about 
an inch; which was confirmed by the return 


‘we permitted of the air into the receiver; upon 


which the bladder became more wrinkled than 
before, and the weight defcended, which be- 
ing taken off, and weighed in a ftatera, a- 
mounted to about 28 pounds. We would have 
reiterated the experiment, but fo heavy 2 
weight having broken the bladder, we were 
difcouraged from proceeding any further, efpe- 
cially in regard of the difficulty of bringing by 
this contrivance the ftreneth of the air’s {pring 
to any exact computation ; though it fufficient- 
ly fhews what I defigned it fhould, namely, that 
the {pring of a little included air may be able 
even in fo flight a contrivance to raife a great 
weight. | | | 
WHETHER this experiment miay any way 


‘illuftrate the motion of mufcles, made by infla- 
‘tion, contraction, &c. it belongs not to this 


place to confider. 


EXPERIMENT IX. 


| About the breaking of hermetically fealed bubbles 


of glafs by the bare fpring of their own air. 


SHALL premife to the following trials 
| an experiment, wherein uncomprefied air 
is made by its own bare {pring to break the fo- 
lid body itfelf itis fhut up in. And this I the 
rather fet down before the fubfequent trials, be- 


-caufe in our already publifhed phyfico-mecha- 


nical experiments mention: has been made of 
this trial, as of one, that we could not then 


make to fucceed; we have fince, employing - 
{maller receivers, made it often enough prof- . 


peroufly, fomewhat to the wonder of eminent 
virtuofi, who confeffed to me they had made 
frequent and divers attempts to perform the 
fame thing, without ever fucceeding in any of 
them. | 

Bu ¥ it will not be requifite to multiply re- 
Jations about this particular, and therefore I 
fhall fet down but this one, which I meet with 


- among my loofe notes. 


A large glafs bubble hermetically feated be- 


- ing put into the receiver, andthe air drawn out 


as much a3 mh wfual operations, and fomewhat 
more, though I told the company beforehand, 
that I had feveral times obferved, that fuch 
bubbles would not break immediately, but 
fomewhile after the withdrawing the air from 
about them; yet this continued fo long entire 
after we had left off pumping, that prefuming 
it had been blewn too ftrong, I began to de- 
fpair of the experiments fucceeding; when, 
whilft we were providing fomething elfe to put 
into the receiver, and, as Igueffed, four minutes 
after the pump had been let alone; the bubble 
furprized us with its being broken with fuch 
violence by the {pring of the included air, that 
the fragments of it were dafhed every way a- 
gainft the fides of the receiver, and broken. fo 
very {mall, that when we came to take it up; 
the powder was by the by-ftanders compared 
to the {mall fand wont to be imployed to dry 
papers, that have been newly writ upon with 
ink. The reafon why the - bubble broke fo 
flowly I cannot new itay to propofe, no mere 
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than to examine whether the difficulty of break- 
ing velffels of glafs, no thicker than thefe bub- 
bles, proceed from fome weakening of the 
{pring of imprifoned air, by its ftretching a lit- 
tle the including glafs, (for in another cafe we 
have obferved this elais to be ftretchable by 
the preffure of air) or frorn hence, that ’twas 
very hard, as I have elfewhere mentioned, to 
avoid rarifying the air a little, and confequent- 
ly weakening its fpring, by the heat, that was 
neceffary to be imployed about the fealing up 
the bubble. 


EXPERIMENT X. 


Containing two or three trials of the force of the 
fpring of our air uncompreffed upon fiable and 


and even folid bodies, (whereto it is external.) 


N profecution of the inquiry propofed in the 
title, we made (among others) the follow- 
ing trials. 
The First Trial. 

I. We took the brafs-hoop, mentioned in 
the fifth experiment (whofe diameter is fome- 
what above three inches) and having caufed a 
glazier to cut fome plates of elafs, fuch as are 
‘ufed for making the quarrels of windows, till 
he had brought them to a fize, and a round- 
nefs fit to ferve for covers to that brafs-hoop, 
we carefully faftened- one of them with cement 
to the upper orifice of the hoop or ring, and 
then cementing the lower orifice to the engine, 
fo that the veffel, compofed of the metal and 
glafs, ferved for a {mall receiver ; we whelmed 
over it a large and ftrone receiver, which we 


_alfo faftened on to the engine with cement af- 


ter the ufual manner. By which contrivance it 
was neceflary, that when the pump was fet on 
work, the included receiver (of brafs and glafs) 
fhould have its air withdrawn, and yet the air 
in the larger receiver fhould not be pumped 
out but by breaking through the glafs, fo that 


_the internal air of the metalline receiver (as we 


may call it for diftin¢tion fake) being pumped 
out, the glafs plate, that made part of that re- 


‘ceiver, mult lie expofed to the preffure of the 
- ambient air fhut up in the other receiver, with- 
-out having the former affiftance of the now 
_ withdrawn air to refift the preffure: wherefore, 
as we expected, at the firft or fecond exfuction . 


of the air, included in the fmall metalline re- 
ceiver, the glafs-plate was, by the preffure of 
the incumbent air contained in the great re- 
ceiver, broken into an 100 pieces, which were 


. beaten inwards into the cavity of the hoop. 


The Seconp Trira.. 
II. TI's 1s done, to fhew, that there needed 
not the {pring of fo great a quantity of included 


-air to break fuch glaffes, we took another 


roundifh one, which, though wide enough at 
the orifice to cover the: brais ring and the new 
glais-plate that we had cemented on it, was yet 
fo low, that we eftimated it to hold but a fixth 
part of what the large receiver, formerly im- 
ployed, is able to contain ; and having whelmed 
this {maller veffel, which was fhaped like thofe 
cups they call tumblers, over the metalline re- 


_ ceiver, and well faftened it to the engine with 
- cement, we found, that though this external re- 


ceiver had a great part of its cavity filled by tHe 
included one, yet when this internal one was 
exhauited by an exfuction or two, the fpring of 
the little air that remain’d, was able to break 
the plate into a multitude of fragments. 

The THirp Triat. 

III. Because the glafs-plates hitherto men- 
tioned {eemed not fo thick, but that the preffure 
of the included air might be able to give con- 
fiderable inftances of its force; inftead of the 
metalline receivers hitherto employed, we took 
a {quare bottle of glafs, which we judged to 
be able to contain about a pint (or pound) of 
water, and which had been -provided to keep 
fubtle chymical liquors in, for which ule we are 
not wont to chufe weak ones. This we in- 
verted, and applied to the engine as a receiver, 
over which we whelmed the large receiver for- 
merly mentioned; and having cemented it on, 
as in the foregoing experiments, we fet the 
pump on work toempty the internal receiver 
(or iquare bottle) by which means-the with- 
drawing of the air, and the figure of the veffel 
(which was inconvenient for refifting) fuffered 
the preffure of the air included in the external 
-receiver to crufh the vial into a great number of 
pieces. 

AND to vary this experiment, as we did 
that of breaking the metalline receivers, we 
took another glais of the fhape and about the 
‘bignefs of the former, and having applied it 
to the engine as before, and covered it with a 
receiver, that was little higher than it felf, we 
found, that upon the exhauttion of the air the 
fecond fquare glafs was likewife broken into 
many fragments, fome of. which were of {0 
‘great a thicknefs, as moved fome wonder, that 
the bare preffure of the air was able to break 
‘fuch a vetfel, though probably the cracks, that 

‘reached to them, were begun in much weaker 
parts of the glafs. 

N. B. 1. THe bottoms and the necks of 
both thefe fquare bottles were entire enough ; 
by which it feemed probable, that the veffels 

-had. been broken by the preffure of the air 
againft the fides, which were not only thinner 


.than the parts above named, but expofed a 


larger fuperficies to the lateral preffure of the 
air, than to the perpendicular. 
2. We obferv’d in‘one of the two laft ex- 


‘periments, that the veffel ‘did not break pre- 
‘fently upon the laft exfuction, that was made of 


the included air, but a confiderable time after, 
which it feems was requifite to allow the com- 
preffed parts of the glafs time to change their 
places: and this phenomenon I therefore men- 
tion, becaufe the fame thing, that here hap- 
‘pened in the breaking a glafs inwards by the 
{pring of the air, I elfewhere obferved to have 
happened in breaking a glaf§ outwards by the 
fame {pring. 

3. To confirm, that it is the fpring of the 
external receiver’s air, that is the agent in thofe 
fractures of glaffes, and to prevent or remove 
fome fcruples, we thought fit to make this va- 
riation in the experiment. We applied a plate 
of glafs, juft like thofe formerly mentioned, 
to the brafs-hoop; but in the cementing of it 
on, we placed in the thicknefs of the cement 
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4 fmall pipe of glafs about an inch long, 
whofe cavity was not fo big as that of a ftraw, 
and which being left open at both the ends, 
might ferve for a little channel, through which 
the air might pafs from the external receiver to. 
the internal: over this we whelmed one of 
the {mall receivers abovementioned; and thén, 
though we fet the pump on work, much longer 
than would have needed, if this little pipe had 
not been made ufe of, we found, as we ex- 
pected, that the internal receiver continued 
entire, becaufe the air, whofe fpring fhould 
have broken it, having liberty to pafs through 
the pipe, and confequently to expand itfelf into 
the place deferted by the air pumped out, did 
by that expanfion weaken its {pring too much, 
to retain ftrength enough to break the metal- 
line (or internal) receiver. 

Bur here it is to be noted, that either the 
pipe muft be made bigger than that lately men- 
tioned, or the exfuction of the air muft not be 
imade by the pump as nimbly as we can, or. 
otherwife the plate of glafs may be broken, 
notwithftanding the pipe ; becaufe the air con- 
tained in the external receiver having a force 
much greater than is neceflary to break fuch a 
plate, it may well happen (as I have fometimes 
found it do) that if the air be haftily drawn out 
of the internal receiver, that air, which fhould 
fucceed in its room, cannot get faft enough 
out of that external receiver through fo {mall 
a pipe ; and the air remaining in that external 
receiver will yet retain a fpring ftrong enough 
to break the glafs. To illuftrate which, I fhall 
propofe this experiment; that fometimes, when 
I have at the flame of a lamp caufed glafs bub- 
bles to be blown with exceeding flender ftems; 
if they were nimbly removed out of the flame 
whilft they were ignited, they would according 
to my conjecture, be either broken, if they 
ia too faft, or compreffed inward, if they 
long enough retained the foftnefs they had 
given them by fufion. For the air in the bub- 
ble being exceeding rarified and expanded, 
whilft the glafs is kept in the flame, and com- 
ing to cool haftily when removed from thence; 
lofes upon refrigeration the fpring the heat 
had given it; and fo, ifthe external air cannot 
prefs it faft enough through the too flender 
pipe, there will not get in air enough to refift 
the preffure of the atmofphere ; and therefore, 
if this preffure find the bubble yet foft, it will 
prefs it a little inwards, and either flatten it, or 
make a dimple in it, though the orifice of the 
pipe be left open. 


EXPERIMENT XL 


Shewing, that mercury will in tubes be raifed by 
futtion no higher than the weight of the 
atmo[phere is able to impel it up. 


T is fufficiently known, that the common 

Opinion of philofophers, and efpecially of 
thofe which follow 4riffotle, has long been, 
and ftill is, that the caufe of the afcenfion of 
water upon fuction, and particularly in thofe 
pumps, where the water feems of its own ac- 
- cord to follow the rifing fucker, is nature’s ab- 


horrency of a vacuum. Againft this received 
opinion divers of the modern philofophers have 
oppofed themfelves. But as fome of them 
were vacuifts, and others plenifts, they have 
explicated the afcenfion of water in fucking- 
pumps upon very different grounds; fo that 
many ingenious men continue yet irrefolved in 
this noble controverfy. Wherefore though I 
have formerly made, and now renew a folemn 
profeffion, that I do not in this treatife intend 
to declare either for or againft the being of a 
vacuum; and though I have * elfewhere occa- 
fionally acknowledged my felf not to acquiefce 
fully in what either the ancient or the modern 
philofophers have taught about the adequate 
caufe of fuction ; (in the affigning of which, I 
think, I have fhewn them ta have been fome- 
what deficient ;) yet fince I think fome, experi- 
ments, of importance to this controverfy, may 
‘be better made by the help of our engine, than 
they have been by any inftrument I have yet 
heard of, I fhall now add the trials I made, to 
fhew both, that whether there be, or may be a 
vacuum or not, there is no need to have recourfe 
to a fuga vacui to explicate fuction ; and alfo 
that whatever other caufes have by Gaffendus 
and Cartefius been ingenioufly propofed to ex- 
plicate fuctions it feems to depend clearly upon 
the weight of the atmofphere, or in fome cafes 
upon the fpring of the air; though I deny 
not, that other caufes may contribute to that 
preffure of the air, which I take to be the 
grand and immediate agent in thefe pheno- 
mena. | 
. We took a brafs pipe bended like a fiphon, 
and fitted at the bigger end with a ftop-cock; 
8c. as is delineated in the figure, (which in- 
ftrument for brevity fake, 1 often call an ex- 
haufting, or fucking fiphon) and to the flender 
end of this we faftned with good cement the 
upper end of a cylindrical pipe of glafs, of 
about fifty inches long, and open at both ends, 
and having the lower end open into a glafs of 
ftagnant quick-filver, whofe upper -fuperficies 
reached a pretty deal higher than the immerfed 
orifice of the glafs cane. Thefe’ things being 
thus prepared, we caufed the pump to be fet 
on work, whereby the air being by degrees 
drawn out of the exhaufting fiphon,; and con- 
fequently of the glafs cane that opened into it ; 
the ftagnant mercury was proportionably im- 
pelled up into the glafs-pipe, until it had at- 
tained to its due height, which exceeded not 
3o.inches. And then, though there remained 
in the upper part of the pipe above 20 inches 
unfilled with quick-filver, yet we could not by 
farther pumping raife that fluid metal any 
higher. | | 

By which it feems manifeft enough, that 
whatever many learned men have taught, or 
others do yet believe about the unlimited 
power, that nature would exercife, to prevent 
what they call a vacuum; yet this power has 
its bounds, and thofe depend not fo much upon 
the exigency of that principle, which the {chool- 
men call a fuga vacui, as upon the f{pecifick 
gravity ef the liquor to be raifed by fuction: 
For confirmation of which, we ee 
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ftead of the ftagnant mercury abafon of water ; 
and though inftead of the many fucks we had 
fruitley imployedto raife the quick-filver above 
she lately mentioned height, we now imployed 
but one exfuction, (or lefs than a full one) which 
did but in part empty the exhaufting fiphon: 
yet the water upon the opening of the {ftop- 
cock was not only impelled to the very top of 
the glafs-cane, but lhkewife continued running 
for a good while through the exhaufting {i- 
phon, and thence fell upon the plate of the en- 
gine; fo that it feemed an odd ipectacle to 
thofe, that knew not the reafon of it, to fee the 
Water running very brifkly of its own accord, as 
they imagined, out of the fhorter leg of a fi- 
phon; efpecially that leg being perhaps not a- 
bove a quarter fo long as the other. And 
here I muft not omit this confiderable circum- 
ftance, that though fometimes 1n the Torricel- 
lian experiment, I have obferved the mercury 
to ftand at thirty inches, and now and then a- 
bove it, yet the height of the mercury elevated 
in our glafs-cane appeared not, when meafured, 
to reach filly 29 inches and a quarter; which I 
thought it was not dificult to render a reafon 
of, from the varying weight of the atmofphere ; 
and accordingly: confulting the barofcope (that 
ftood in another room) I found the atmofphere 
to be at that time fomewhat light, the quick- 
filver in it being in height but 29 inches and 


an eighth, which probably would have been. 


the very height of the quick-filver raifed by 
the engine, if it had had time by ftanding to 
free it felf fram bubbles. 

Fk oM whencé we may conclude, that fuc- 
tion will elevate liquors in pumps no higher 
than the weight of the atmofphere is able to 
raife them, fince the clofenefs requifite in the 
pump of our engine to be ftaunch makes it ve- 


~~”. ryunlikely, that by any ordinary pump a more 


accurate fuction can: be. effected. . 

I have nothing to add about the related ex- 
periment but-this one; that 1t may afford us a 
notable confirmation of the argument we for- 
merly propofed againit them, that afcribed the 
élevation and fuftentation of the quick-filver 
in the Torricellian experiment to a certain ra- 
rifiéd air, which the more highly it 1s rarified, 
the greater power it acquires to attract quick- 
filver, and other contiguous bodies} for in 
our experimént, though by continuing to pump 
we can rarify or diftend more and more the 
air in the exhaufting fiphon, yet we were not 
able to raife the mercury above thirty inches 
(which exceeds not the height, to which the at- 
tnofphere:is able to elevate it) and this, though 
the ftagnant mercury-being expofed to the free 
air, it cannot be pretended (as in fome other 
cafés it may, though not fatistactorily, be done) 
that the mercury cannot be raifed higher, with- 
out Offering violence to the body incumbent 
on the: ftagnant merctity: for in the experi- 
ment we are eonfidering, if nature fhould raife 
the quick-filver higher and higher in the pipe, 
to fucceed in the room of the -air that is with- 
drawn, the’ formerly ftagnant mercury, that 
would on this oecafion be raifed, might be im- 
mediately-fueceeded by the free and undilated 
air, 4o that nature would be put to offer vio- 
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lence to the quickfilver only, which if fhe were 
{crupulous to do, what ailed her to raife it (as 
fhe did in our trial) again{t the inclinations of 
fo ponderous a body, to above 29 inches 
high ? 

ANNOTATION. 

Tuoucu the exhaufting fiphon, men- 
tioned at the beginning of this experiment, may 
be eafily enough conceived by an attentive in- 
{pection of the figure ; yet becaufe I frequent- 
ly made ufe of it in pneumatical experiments, 
it will not be amifs to intimate here once for 
all thefe three particulars about it. 1. That 
though the bending pipe itfelf may be for 
fone ufes more conveniently made of glafs than: 
of metal, becaufe the tran{parency of the for- 
mer may enable us to difcover what paffes in its 
yet for the moit part we chuf? t> imploy pipes 
of the latter dort, becaufe the czhers are fo very 
fubject to break. 2. That it is convenient to 


make the longer leg of the fiphon a little larger 


at the bottom than the reft of the pipe ufually: 
needs to be, that it may the more commodi- 
oufly admit the fhank of a ftop-cock, which 
is to be very carefully inferted with cement ; 
by feafonably turning and returning of which 
{top-cock, the paffape (for the air) between 
the engine and the veffel to be exhautfted is to 
be opened and fhut. 3. That though we 
fometimes content our felves to apply imme- 


diately the brafs fiphon itfelf tothe engine, by 


faftening with cement the external fhank of the 
{top-cock to the orifice of the little pipe, 
through which the exfuction of the air is made; 
yet the bended pipe alone, if it be not almoft 
conftantly held, is fo apt to be loofened by the 
motion of the engine, and the turning of the 
ftop-cock, (which frequently occafions leaks, 
and difturbs the operation) that for the moft 
part we make ule of a fiphon, confifting of a 
brafs pipe, and ftop-cock, and a glafs of 6, 8, 
or 10 inches in height, and offome fuch fhape 
(for it need not be .the very fame) as that re- 
prefented in the figure: for by this means, 
though the exhauftion. is becaufe of this addi- 
tional glafs fomewhat longer in making, yet 
it 1s more fecurely and uninterruptedly carried 
on by reafon of the ftability, which the breadth 
of the lower orifice of the glafs gives to the 
whole inftrument.  Befides which, we have 
thefe other conveniences, that not only the fi- 
phon is hereby much lengthened, which in di- 
Vers trials is very fit; but alfo, that we may 
comimodioufly place in .the glaffy part of this 
compounded fiphon a gage, whereby. to dii- 


.cern from time to time, how much the air js 


drawn out of the vefflel to be exhaufted. 


EXPERIMENT XII 


About the differing heights, whereto liquors will 
be elevated by fution, according to their feive- 
ral fpecifick gravities. 


F, when I was making the foregoing ex- . 


See Platé 
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periment, I had been able to procure a— 


pipe long enough, I had tried to what height 
I could raife water by fuction, though I would 


have done it rather to fatisfy others than my ~ 


felf, who fcarce doubted, but that as water is 
(bulk 


bad os 
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(bulk for bulk) about 14 times lighter than 
quick-filver: fo it would have been raifed by 
fuction to about four or five and thirty foot, 
(which is 14 times as high as we were able to 
elevate the quick-filver) and no higher. But 
being not furnifhed for the trial I would have 
made, I thought fit to fubftitute another, which 
would carry the former experiment fomewhat 
further. For whereas, in that we fhewed how 
high the atmofphere was able by its whole gra- 
Vitation to raife quick-filver ; and whereas like- 
wife that, which appears in Monfieur Pa/chal’s 
experiment, is, at what height the whole 
weight of the atmofphere can fuftain a cylin- 
der of water: by the way, that I thought on, 
it would appear (which hath not yet, that I 
know of, been fhewn) how a part of the pref- 


fure of the air would in perpendicular pipes. 


raife not only the two mentioned liquors, but 
others alfo to heights anfwerable to the degree 
of preffure, and proportionable to the fpecifick 
pravities of the refpective liquors. 

‘To make this trial the more clear and free 
from exceptions, I caufed to be made and in- 
ferted to the fhorter leg of the above mentioned 
exhaufting fiphon a fhort pipe; which branch- 
ed itfelf equally to the right hand and the left, 
as the adjoining figure declares. In which con- 
trivance I aimed at thefe two conveniences: 
one that I might exhauft two glafs-canes at the 
fame time ; and the other, to prevent its being 
furmifed, that the engine was not equally ap- 
plied to both the glaffes to be exhaufted. This 
additional brafs-pipe being carefully cemented 
into the fucking fiphon, we did to each of its 
two branches take care to have well faftened 
with the fame cement a cylindrical glafs of a- 
bout 42 inches in length (that being fome- 
what near the height of our exhaufting fiphon 
above the floor) the lower orifice of one of thefe 
two glaffes being immerfed in a veffel of ftag- 
nant mercury, and that of the other in a veffel 
of water, where care was taken by thofe I em- 
ployed, that as the tubes were chofen near of a 
bignefs, (which yet was not neceflary) fo the 
furfaces of the two different liquors fhould be 
near of aheight. ‘This being done, we began 
to pump warily and flowly, till the water in 
one of the pipes was elevated to about 42 
inches; and then meafuring the height of the 
quick-filver in the other pipe above the furface 
of the ftagnant quick-filver, we found it to be 
almoft three inches; fo that the water was a- 
bout 14 times as high as the quick-filver. And 
to profecute the experiment a little further, we 
very warily let in a little air to the exhaufting 
fiphon, and had the pleafure to fee the two li- 
quors proportionably defcend, till turning the 
ftop-cock, when the water wasabout 14 inches 
high, we thereby kept them from finking any 
lower, till we had meafured the height of the 
quick-filver, which we found to be about one 
inch. 

W « tried alfo the proportion of thefe two 
liquors at other heights, but could not eafily 
meafure them fo well as we did at thofe newly 
mentioned ; and therefore though there feemed 
to be fome flight variation, yet we looked upon 
it but as what might be well imputed to the 
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difficulty of making fuch experiments exactly ; 
and this difpleafed me not in thefe trials, that 
whereas 1t was obferved, and fomewhat won- 
dered at, that the quick-filver for the moft part 
feemed to be fomewhat (though but a very 
little) higher then the proportion of 1 to 14 
required, I had long before-by particular trials 
found, that though 14 and 1 be the nearett of 
{mall integer numbers, that exprefs the propor- 
tion between the fpecifick.gravities of quick- 
filver and water, yet the former of thofe fluids 
(or at leaft that, which I made my trials with) 
is not quite fo heavy as this proportion fup- 
pofes, though I fhall not here ftay to deter- 
mine precifely the difference, having done it 
in another tract, where the method I employed 
in the inveftigation of it is alfo fet down. 

THE above-mentioned experiment, made 
by the help of our engine, as to quick-filver 
and water being confirmable by trials (to be by 
and by mentioned) made in other liquors, af- 
fords our hypothefis two confiderable advan- 
tages above the vulgar do¢trine of the fchools 
(for I do not apply what follows.to all the ple- 
nifts) who afcribe the afcenfion of liquors by 
fuction to a traction made ob fugam vacui, as 
they are wont to fpeak. 

For firft it is manifeftly agreeable to our 
doctrine, that, fince the air, according to it, 
is a fluid, that is not void of weight, it fhould 
raife thofe liquors, that are lighter, as water, 
higher then thofe that are ponderous, as quick- 
filver ; and that anfwerably to the difparity of 
their weights. And fecondly, there is no rea- 
fon, why, if the air be withdrawn by fuction 


from quick-filver and water, there fhould be . 


lefs left a-vacuum above the one than above 
the other, in cafe either of them fucceed not 
in the place deferted by the air; and confe- 
quently when the air 1s withdrawn out of both 
the forementioned glafs-pipes, if there would 
be no vacuum in cafe no liquor fhould fucceed 
it, why does nature needlefsly to prevent a 
vacuum make the water, that is an heavy body, 
afcend contrary to its own nature, according 
to which it tends towards the center of the 
earth? And if the fucceeding of a liquor be 


neceflary to prevent a vacuum, how chance . 


that nature does not elevate the guick-filver as 
well as the water ; efpecially fince it is manifeft 
by the foregoing experiment, that fhe is able 
to raife that ponderous liquor above 26 inches 
higher than fhe did in the experiment we are 
now difcourfing of. 

PeRHAPS it would not be amifs to 
take notice, on this occafion, that among other 
applications of this experiment it may be made 
fomewhat ufeful to eftimate the differing gra- 
vities of liquors; to which purpofe I caufed 
to be put under the bottom of the foremen- 
tioned glafs-pipes two veffels, the one with 
frefh water, and the other with the like water 
impregnated with a good proportion of {ea- 
falt, that I had caufed to be diffolvedtin it, for 
want of fea-water, which I would rather have 
employed. And J found, that when the frefh 
water was raifed to about 42 inches, the faline 
folution had not fully reached to 40. 

Bur though this difference were double 
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to that, which the proportion and gravity be- 
twixt our fea-water and freth water would 
have required; yet to make the difparity 
more evident, and allo becaufe I would be 
able the better to gucis at the proportion of 
the diifolved fait, by making it as great as I 
could, I cauled an unutual brine to be made, 
by fuifering fea-falt to deliquate in the mont 
air. «And having applied this liquor and frefh 
water to the two already mentioned pipes, and 
proceeded after the former manner, we found, 
that when the pure water was elevated to near 
4.2 inches, the liquor of fea-fait wanted avout 
7 inches and a quarter of that height; and 
when the water was made to jubfide to the 
middle of its pipe, or thereabouts, the faline 
liquor in the other pipe was between 3 and 4 
inches lower than it. 

J would have tried the difference between 
thefe liquors and oil, but the coldnels of the 
weather was unfavourable to fuch a trial: but 
to fhew a far greater difparity chan that would 
have done betwixt the height of liquors of un- 
equal gravities, I took fair water, and a liquor 
made of the fale cf pot-afhes fuffered to run 
in a fellar per deliquium, (this being one of 
the ponderoufctt liquors I ever prepared,) and 
having proceeded as in the former trials, I 
found, that when the common water was about 
42 inches high, the newly mentioned folution 
wanted fomewhat of 30 inches ; and when the 
water was made to fubfide to the middle of its 
pipe, or thereabouts, the deliquated liquor was 
between 6 and 7 inches lower than it. 

I had fome thoughts, when I applied my 
felf to make thefe trials, to examine how well 
we could by this new way compare the faltnefs 
of the waters of feveral icas, and thofe alfo 
of falt-fprings; and likewile whether, and (if 
any thing near) how far we might by this me- 
thod determine the proportion of the more 
fimple liquors, that may be mingled in ¢om- 
pounded ones, as in the mixture of water and 
wine, vinegar and water, &c. but being not 
provided with inftruments fit for fuch nice 
trials, and a mifchance having impaired the 
claffes lately mentioned before the left trials 
were quite ended, and having foon after 
broken one of them, I laid afide thofe 
thoughts. 


EXPERIMENT XI. 


About the heights, to which water and mercury 
may be vaifed, proportionably to their fpecifick 
gravities, by the foring of the air. 


N profecution of the parallel formerly be- 

gun, betwixt the effects of the weight of 
the atmofphere, and the {pring of included 
air, we thought fit, after the foregoing, to make 
the following experiment. 

Wee took a ttrong glafs-bottle, capakle to 
hold above a pint of water, and having in the 


‘bottom of it lodged a convenient quantity of 
‘mercury, we poured on it a greater quantity of 
-water, (becaule this liquor was to be impelled 


up many times higher than the other,) and 
having provided two flender glais-pipes, each 
open at beth ends, we fo placed and faftened 


them, by means of the cement, wherewith we 
choaked the upper part of the neck of the 
bottle, that the ihorter of the pipes had its 
lower orifice immerfed beneath the furface of 
the quick-filver, and the longer pipe reached 
not quite fo low as that furface, and fo was 
immerfed but in the water, by which contri- 
vance we avoided the neceffity of having two 
duitinct veficls for our two ftagnant liquors, 
wnich would have been inconvenient in regard 
of the flendernels of the upper part of our 
receiver. ‘This done, we conveyed the bottle 
into a fitly fhaped receiver, (formerly defcribed 
at the firlt experiment,) and having begun to 
pump out the air, we took notice to what 
heights the quick-filver and water were impel- 
led up in their refpective tubes, on which we 
had before made marks from inch to inch with 
hard wax, (that they might not be removed 
by wet or rubbing,) and we obferved, that 
when the quick-filver was impelled up to two 
inches, the water was raifed to about eight and 
twenty ; and when the quick-filver was about 
one inch high, the water was about fourteen. 
I fay, about, partly becaufe fome allowances 
muft be made for the finking of the fuperficies 
of the ftagnant quick-filver, and the greater 
fubfidence of that of the ftagnant water, by 
reafon of the liquors impelled into the two pipes ; 
partly, becaufe that the breadth of the mark of 
wax was confiderable, when the quick-filver 
was but about an inch high, and fo made it 
difficult to difcern the exact height of the me- 
tal, when the water was fallen down to four- 
teen inches: efpecially in regard, that the quick- 
filver never afcending fo high as the neck of 
the bottle, (which the water left far beneath 
it,) the thicknefs of the receiver, and that of 
fo ftrong a bottle, made it dificult to difcern 
fo clearly the ftation of the quick-filver as I 
could have wifhed. 


EXPERIMENT XIV. 


About the heights anfwerable to their refpeétive 
gravities, to which mercury and water will 
futfide, upon the withdrawing of the {pring 
of the air. 


OR the further illuftration of the do¢trine 

propofed in the laft, and fome of the 
foregoing experiments, about the raifing and 
fuftentation of liquors in pipes by the preffure 
of the air; I thought it not unfit to make the 
following tria!, though it were eafy to forefee 
in this peculiar experiment a peculiar diff- 
culty. 

W e caufed then to be conveyed into a fitly 
fhaped receiver two pipes of glafs very un- 
even in Jength, but each of them fealed at one 
end: the fhorter tube was filled with mercury, 
and inverted into a {mall glafs jarr, wherein a 
fufficient quantity of that liquor had been be- 
fore lodged: the longer pipe was filled with 
common water, and inverted into a larger glafs, 
wherein likewife a fit proportion of the fame 
liquor had been put. 

Tw &N the receiver being clofely cemented 
on to the engine, the air was pumped out for 


a pretty while before the mercury began to 
fubfide ; 
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fubfde ; but when it was fo far withdrawn, 
that its preffure was no Jonger able to keep up 
a mercurial cylinder of that height, that liquid 
metal began to fink; the water in the other 
tube, though this were three times as long, 
{till retaining its full height. Bue when the 
quick-filver was fallen fo low, as to be but be- 
tween three and four inches above the furface 
of the ftagnant quick-filver, the water alfo 
began to fubfide, but fooner than according to 
the Jaws of meer ftaticks it ought to have done, 
becaufe many aerial particles emerging from 
the body of the water to the upper part of the 
elafs, did by their {pring concur with the gra- 
vity of the water to deprefs this liquor. And 
fo when the quick-filver was three inches above 
the ftagnant mercury, the water in the other 
pipe was fallen divers inches bencath 42, and 
feveral inches beneath 28, when the mercury 
had fubfided an inch lower. But this bcing no 
more than was to be cxpected, after we had 
caused the pumping to be a while continucd, 
tu frce the waicr the better from the Jiuctane 
air, we Ict in the external air; and having there- 
by impclled up again both the liquors into thar 
pipes, and removed the recciver, we took out 
thefe pipes, and inverting cach of them again 
to Ict out the air, (for even that, which held 
the quick-filver had got a fimall bubble, 
though inconfiderable in comparifun of the 
air that had got up out of the water,, we filled 
each of them with a little of the reflagnant 
liguor belonging to it; and inverting cach tube 
once more into its proper liquor, we repeated 
the experiment, and found it, as it teemed, 
to require more pumping than before to make 
the liquors begin to fubfide ; fo that when the 
mercury was fallen to three inches, or two or 
one, the water fublided fo ncar to the heights 
of 42, 28, or 14 Inches, that we faw no fuf- 
ficient caufe to hinder us from fuppofing, that 
the little differences, that appeared between the 
feveral haghts of the quick-filver, and four- 
tecn aimcs as great haghts of the water (which 
fcll fomewhar lower than its proportion in era- 
vity required) proceeded trom fome acrial cor- 
puicles yet remaining, in fpite of all we had 
done, in the water, and by their {pring, though 
but faint, when once thcy had emerged to the 
upper part of the glafs, furthering a little the 
depreflion of it: not now to mention Ieffer 
circumftances, particularly, that the firface of 
the ftagnant water did not inconfidcrably rife 
by the acceffion of the water lately in the pipe , 
whereby the cylinder of water, railed above 
that furface, became by fo much the fhorter. 
However your lordfhip may, if you think fit, 
caufe the experiment to be reiterated, which | 
could not fo well do, by reafon of a mifchance 
that befel the receiver. 


EXPERIMENT XV. 


About the greateft height, to which water can 
be raifed by attraction or fucking pumps. 


INCE the making and the writing of 
S the foregoing experiments, having met 
with an opportunity to borrow a place fome- 
what convenient to make a trial, to what height 


water may be raifed by pumping; I thoucht 
not fit to neglect it. For though both by the 
confideration of our hypothefis, to whofe truth 
fo many phenomena bear witnefs; and though 
particularly by the confequences deduceable 
from the three lait recited experiments, I were 
kept from doubting what the event would be, 
yet [ thought it worth while to make the 
trial. 

I know what is faid to have been the com- 
plaine of fome pump-makcrs. But I confefs 
the phenomenon, it was grounded on, feemed 
not to me to be certainly enough delivered by 
a writer or two, that mention what they com- 
plained of 3 and their obfervation fecms not to 
have been made determinately or carefully e- 
nough for a matter of this moment. Since 
that, which they complain of, feems to have been 
in gencral, that they could not by pumping 
rai water to what height they pleate, as the 
common opinion of philutophers about nature’s 
fe acecene Made them expect they might. And 
it may well have bapo-ned, that as they endea- 
vourcd only to rave it to the height their oc- 
cafions required, fo all that their difappoint- 
ment manifetted, was, thatcthey could not raife 
it ty that parucular height: which did not de- 
termine, whether, if the pump had been a foot 
ora yard fhorter, the water would then have 
bon clevat dito the upper part of it or no: but 
that which T chiefly coulider is, that rhefe be- 
ing but tradclincn, that did not work accord- 
Ing to the dictates of, or with defign to fatisfy 
a philofophical curiofity, we may juttly fufpect, 
that their pumps were not furAeiently ftanch, 
ner the operauion critically cnough pcrformed 
and taken notice of. 

WHEREFORE, partly bccaufe a trial of fach 
moment {.cmcd not to have yet been duly 
made by any; and partly becaufe the varying 
weight of the atmoiphere was not (that ap- 
pears) known, nor (confcquently) taken into 
confideration by the ingenious Monfieur Pafchal 
in his famous experiment, which yet is but 
analogous to this; and partly, becaufe fome 
very late, as well as Icarned writers, have not 
acquiciced in his cxperiment, but do adhere to 
the old doctrine of the {chools, which would 
have watcr raifcable in pumps to any height, 
ob fugam vacui, (as they fpeak,) I thought fit 
tv make the belt fhife I could to make the 
trial, of which I now proceed to give your 
Jordfhip an account. 

Tue place I borrowed for this purpofe 
was a fiat roof about 30 foot high from the 
ground, and with rails along the edges of 
it. Phe tube we made ufe of fhould have 
been of glafs, if we could have procured one 
long and {trong cnough. But that being ex- 
ceeding dificult, cfpecially for me, who was 
not near a glafs-houfe, we were fain to caufe a 
tin-man to make f{evcral pipes of above an 
inch bore, (for of a great length it was alledg- 
ed they could not be made flenderer,) and as 
Jong as he could, of tin orlatten, as they call 
thin plates of iron tinned over; and thele be- 
ing very carcfully fodered together made up 
one pipe, of about onc or two and thirty foot 
long, which being tied to a pole, we ik 
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with water whether it was ftanch, and by the 
effluxions of that liquor finding where the leaks 
were, we caufed them to be ftopped with foder ; 
and then for greater fecurity, the whole pipe, 
efpecially at the commiffures, was diligently 
cafed over with our clofe black cement, upon 
which plaifter of Paris was ftrewed to keep it 
from fticking to their hands or cloaths, that 
fhould manage the pipe. At the upper part of 
which was very carefully faftened with the 
like cement a ftrong pipe of glafs, of be- 
tween 2 and 3 foot in length, that we might 
fee what fhould happen at the top of the water. 
And to the upper part of this pipe was (with 
cement, and by the means of a fhort elbow of 
fin) very clofely faftened another pipe of the 
fame metal, confifting of two pieces, making 
4 right angle with one another, whereof the 
upper part was parallel to the horizon, and the 
other, which was parallel to the glafs-pipe, 
teached down to the engine, which was placed 
on the flat roof, and was to be with good 
cement follicitoufly faftened to the lower end of 
this defcending part of the pipe, whofe hori- 
zontal leg was fupported by a piece of wood, 
nailed to the abovementioned rails; as the 
tube alfo was kept from overmuch fhaking by 
a board, faftened to the fame rails, and having 
a deep notch cut in it, for the tube to be in- 
ferted into. 

Tus apparatus being made, and the whole 
tube with its pole erected along the wall, and 
faftened with ftrings and other helps, and the 
defcending pipe being carefully cemented on 
to the engine, there was placed under the 
bottom of the long tube a convenient veffel, 
whereinto fo much water was poured, as reached 
a gtedt way above the orifice of the pipe, and 
one was appoirited to ftand by to pour in more 
as need fhould require, that the veffel might be 
ftill kept competently full. 

Arter all this, the pump was fet on work ; 
but when the water had been raifed to a great 
height, and confequently had a great preffure 
againft the fides of the tube, a {mall leak or 
two was either difcovered or made, which 
without moving the tube we caufed to be well 
flopped by one, that was fent up a ladder to 
apply ftore of cement where it was requifite. 

WHEREFORE, at length we were able, after 
a pretty number of exfuctions, to raife the wa- 
ter to the middle of the glafs-pipe abovemen- 
tioned, but not without great ftore of bubbles, 
made by the air formerly concealed in the pores 
of the water, and how emerging; which for a 
pretty while kept a kind of foam upon the 
furface of it, (frefh ones continually fucceeding 
thofe that broke.) And finding the engine and 
tube as ftanch as could be well expected, I 
thought it a fit feafon to try what was the ut- 
moft height, to which water could by fuction be 
elevated ; and therefore, though the pump 
feemed to have been plied enough already, yet 
for further fatisfaction, when the water was 
within few inches of the top of the glafs, I 
catifed zo exfuctions more to be nimbly made, 
to be fure that the water fhould be raifed as 
high as by our pump it could be poffibly, And 
having taken notice where the furface refted, 


and caufed a piece of cement to be ftuck near 
it, (for we could not then come to reach it ex- 
actly,) and defcending to the ground where the 
ftagnant water ftood, we caufed a ftring to be 
Jet down, with a weight hanging at the end of 
it, which we applied to a mark, that had been 
purpofely made at that part of the metalline 
tube, which the fuperficies of the ftagnant water 
had refted at, when the water was elevated to 
its full height : and the other end of the ftring 
being, by him that let it down, applied to that 
part of the glafs, as near as he could guefs, 
where the upper part of the water reached, the 
weight was pulled up; and the length of the 
{tring, and confequently the height of the cy- 
linder of water was meafured, which amounted 
to 33 foot, and about 6 inches. Which done, 
I returned to my lodging, which was not far 
off, to look upon the barofcope, to be in- 
formed of the prefent weight of the atmofphere, 
which I found to be but moderate, the quick- 
filver ftanding at 29 inches, and between 2 and 
3 eights of an inch. This being taken notice 
of, it was not difficult to compare the fuccefs 
of the experiment with our hypothefis. For if 
we fuppofe the moft recerved proportion in 
bulk between cylinders of quick-filver and of 
water of the fame weight, namely that of 1 to 
14, the height of the water ought to have 
been 34 foot and about 2 inches, which is 
about 8 inches greater than we found it. But 
then your lordfhip may be ‘ony to remem- 
ber, that I formerly noted, before ever I made 
this experiment, that I did not allow the pro- 
portion betwixt mercury and water (at leaft 
fuch water as I made my trials with) to be al- 
together fo great; and though in ordinary ex- 
periments, we may with very little inconve- 
nience make ufe of that proportion to avoid 
fractions, yet in fo tall a cylinder of water as 
ours was, the difference is too confiderable to 
be neglected. If therefore, inftead of making 
an inch of quick-filver equivalent to 14 inches 
of water, we abate but a quarter of an inch, 
which is but a 56 part of the height of the 
water, this abatement being repeated 29 times 
and a quarter, will amount to 7 inches, and 
above a quarter; which added to the former 
height of the water, namely 33 foot and 6 
inches, will make up 34 foot and above an 
inch; fo that the difference between the height 
of the mercury fuftained by the weight of the 
atmofpheré in the barofcope, and that of the 
water raifed and fuftained by the preffure of 
the fame atmofphere in the long tube, did not 
appear to differ more than an inch or two from 
the proportion they ought to have had, accord- 
ing to the difference of their fpecifick gravities. 
And though in our experiment the difference 
had been greater, provided it exceeded not 8 
or 10 inches, it would not have been ftrange ; 
partly, becaufe of the difficulty of theafuring 
all things fo exactly in fuch an experiments 
partly, becaufe as waters are not all of the fame 
weight, fo a little difparity of it in fo long a cy- 
linder may be confiderable; and partly, and 
perhaps chiefly, becaufe the air flying out of 
the bubbles, that rofe out of fo great a quantity 
of water, and breaking at the top of it, and fo 
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near that of the tube; might by its fpring, 
though but very weak, affifting the weight of 
fo much water, fomewhat (though not much) 
hinder the utmoft elevation of that liquor. But 
our expcriment did not male it needful for me 
to infift on thefe confiderations; and the incon- 
fideyable difference, that was betwixt the height 
of the water we found, and that which might 
have been wifhed, did rather countenance, 
than at all disfavour the thing to be made out 
by our experiment, fince by no pumping we 
eould raife the water quite fo high (though I 
confefs it wanted but very little) as the weight 
of the atmofphere was able to Keep up a cy- 
linder of mercury proportionable to it in height, 
and equivalent in weight: and yet I prefume, 
your lordfhip will eafily grant, that there was 
at leaft as much care ufed in this experiment, 
to keep the things imployed about it tight, as 
has been wont to be uled by tradefmen in their 
pumps, where it is not fo eafy either to prevent 
a little infinuation of the air, or to difcern it. 

Ir is not that Tam fure, that even all our 
care would have kept the water for any long 
time at its full height; but that the air was 
fu‘Sciently exhaufted for our purpofe, when we 
actermined the height of the water, I was in- 
duced to conclude by thefe circurmftances. 

J. As well the conftruction of the engine, 
as the many formerly related experiments, that 
have been fuccefsfully tried with it, fhew, that 
it is not like it fhould be inferior in clofenefs to 
the great water-pumps, made by ordinary 
tradefmen: and particularly the Alth experi- 
ment foregoing manifefts, that by this pump- 
quick-filver was raifed to as great a height, as 

the atmofphere 1s able to fupport in the Torri- 
cellian experiment. 

Il. Tue ftanchnefs of the pipe appeared by 
‘the diminution (as to number) of bubbles, that 
appeared at the top of the water, and by their 
fize too; for when there was a leak, (though 
but fo very {mall, that the water could not get 
out at it in the tube) it might ufually be taken 
notice of by the attentive ear of him, that ftood 
to watch upon the ladder, erected by the fide 
of the tube ; and the air, that got in,did eafily dif- 
cover itfelf to the eye by large bubbles, mani- 
feftly differing from thofe, that carne from the 
aerial particles belonging to the water; and if 
the leak were not fo very fmall, the air that 
got in would fuddenly lift up the water above 
it, and perhaps fill with it the defcending 
pipe. 

III. THoucu there had been fome imper- 
ceptible leak, yet that would not have hindred 
the fuccefs of the experiment for the main. For 
in leaks, that have been but fmall, though ma- 
nifeft enough, we have often, by caufing the 
pump to be plied lefs nimbly than it now was, 
been able to profecute our trials; becaufe the 
pump carried off ftill more air than could get 
in at a leak that was no greater. 

IV. Awnp that little or no intruding air was 
left in the upper part of our tube, was evident 
by thofe marks, whereby it was eafy for them, 
that are well acquainted with the pump, to 
eftimate what air is left in the veffel it fhould 


exhauft; and particularly towards the end of 
Vou. HI : 


our operation | obferved, that when the fucker 
was depreffed, there came out of the water, 
that covered thc pump, fo very few bubbles, 
that they might be imputed to the air afforded 
by the bubbles, fpringing from the water in 
the tube ; whereas if any adventitious air had: 
got into that cylinder of water, it would have 
appeared in the water that covered the pump. . 

V. Lastiy, it were very ftrange, that if 
the water was but cafually hindred by fome 
leak from afcending any higher, it fhould be 
fo eafy to raife it to the very number of feet 
that our hypothefis requires, and yet we fhould 
be unable by obftinate. pumping to raife it one 
foot higher. 

N. B. 1. As foon as we had made our ex- 
periment, and thereby found, that what was 
requifite to it was in order; I fent to give no- 
tice of it to Dr. Wallis and Dr. Wren, as 
perfons, whofe curiofity makes them as well de- 
lighted with fuch trials, as their deep know- 
ledge makes them moft competent judges of 
them. But before they could be found, and 
come, it being grown fumewhat late and windy, 
I, that was not very well, and had tired my/felf 
with going up and down, could not ftay with: 
them {fo long as I intended, but leaving the reft 
of the repeated experiments to be fhewn them 
by I. M. (who had been very induftrious in 
fitting and erecting the tube) they and their 
learned friend (whom they brought with them) 
Dr. Millington, told me a while after, that 
they alfo had found the greateft height, to 
which they could raife the water, to be 33 foot 
and an half. 

2. WHEN the water began firft to appear 
in the glafs, the bubbles would be, as I had 
foretold, exceeding numerous, fo as to make 
a froth of near a foot high, if the water were 
newly brought, and had never been raifed in the 
tube before. But if the pumping were long: 
continued, the number and height (or at leaft 
one of the two) of the ageregate of bubbles, 
would (as there remained fewer and fewer 
aerial particles in the water) be leffer and leffer; 
but their emerging did never, that remember, 
wholly ceafe. 


3. AT the beginning alfo there would ap- 


pear great vibrations of the water in the upper 
part of the tube; the rifing and the falling 
amounting fometimes to a foot, or near half a 
yard: but thefe grew leffer and leffer, as thofe 
of the quick-filver in the Torricellian’ experi- 
ment ufe to do. | 
- 4. ONE may ufe an ordinary pail to hold 
the ftagnant water ; but we rather employed a 
veffel of earth, mace for another purpofe, 
fomewhat flender, and of a cylindrical fhape, 
becaufe in a narrow veffel it is more eafy to 
guefs by the rifing and falling of the liquor, 
how the pump is plied, and to perceive everi 
{maller leaks. . 

5. I muft not forget to take notice, that 
though the newly named gentlemen came to me 
(when they had feen the expertment tried) 
within lefs than an hour after the time I had 
looked upon the barofcupe, and’ obferved the 
quick-filver to ftand fomewhat beneath 29 
inches, and three eighths ; yet when prefently 
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upon their return I confulted the fame inftru- 
ment again, the mercury appeared to be fenfi- 
bly rifen, being fomewhat (though but very 
little) above nine and twenty inches, and three 
eighths ;and five or fix hours after (at bed-time) 
J found it to be yet more confiderably riten. 
Which may keep your lordfhip from wonder- 
ing at what I intimated a little above, touching 
Monfieur Pa/chal’s experiment, as well as touch- 
ing the difappointment of the pump-makers 
endeavours. For it 1s not only poffible, that 
(as I have elfewhere noted) water may be raifed 
in the fame pump, though we fuppofe it full 
equally ftanch, higher at one time than at ano- 
ther: butit was contingent, that, in Monfieur 
Pafchal’s noble attempt to imitate the Torri- 
cellian experiment with water inftead of quick- 
filver, the proportion betwixt the heights of 
thofe two liquors in their refpective tubes an- 
{wered fo well to their fpecifick gravities. For, 
the varying weight of the atmofphere being 
not then, that appears, known, or confequently 
taken into confideration; if Monfieur Pa/chal 
having tried the Torricellian experiment, when 
the air was for inftance very heavy, had tried 
his own experiment, when the atmofphere had 
been as light as I have often enough obferved 
it to be, he might have found his cylinder of 
water to have been half a yard or two foot fhor- 
ter than the formerly meafured height of the 
quick: filver would have required. 

I have now no more to add about this fit 
teenth experiment, but that it may ferve fora 
fufEcient confirmation of what I note in another 
treatife, againft thofe hydraulical and pneuma- 
tical writers, who pretend to teach ways of 
making water pafs by mflected ptpes, and by 
the help of fuction, from one fide of a moun- 
tain to the other, be the mountain never fo 
high. For, if the water be to afcend as it 
were fpontaneoufly above 35 or 36 foot, a 
fucking pump will not ordinarily, at leaft here 
in England, be able to raife it. 

An vp now I fpeak of mountains, rt willnot 
be altogether impertinent to add, thatif it had 
} had 
thought fic to make the foregoing eleventh 
experiment (of elevating mercury by fuction) 
to be tried at the top of an hill, not far from 
the place I then was at. Forby what has been 
already delivered, it appears, that we might 
have eftimated the height, to which the wa- 
ter may be there elevated by fudtion, without 
repeating the experiment with a thirty five 
foot tube, (which we could not hope for con- 
veniency to do)by the utmoft height, to which 
our engine could have raifed mercury: and it 
may be of fome ufe to be able from experi- 
ments to make fome eftimate (for it can {carce 
be an accurate one) how much it may be ex- 
pected, that pumps fhall (ceteris paribus) lofe 
of their power of elevating water by fuction, 
by being employed at the top of an hill, inftead 
ef being fo at the bottom, or ona plain. Re- 
membering always what I lately intimated, that 
even in the fame place liquors will be brought 
to afcend by fuction to a greater or lefs height 


at.one time than another, according to the va- 
rying gravity of the atmofphere. 


EXPERIMENT XVI 


About the bending of a fpringy body in the ex- 
haufted receiver. 


HE caufe of the motion of reftitution m 

bodies, and confequently of that, which 
makes fome of them fpringy, which far the 
greater part of them are not, has been inge- 
nioufly attempted by fome modern corpufcula- 
rians, and efpecially Carteftans. But fince di- 
vers learned and judicious men do ftill look up- 
on the caufe of elafticity, as a thing, that needs 
to be yet farther enquired into; and becaufe I 
am not mylelf fo well fatisfied as to blame theit 
curiofity, I held it not unfit to examine by the 
help of our engine their conjecture, who ima- 
gine, that the air may have a great ftroke in the 
making of bodies fpringy; and this I the ra- 
ther did, becaufe 1 had * eHewhere fhewn, 
that there is no need to affert, that in all bo- 
dies, that have it, the elaftical power flows im- 
mediately from the form, but that in divers of 
them it depends upon the mechanical ftructure 
of the body. | 

To make fome trial therefore, whether the 
air have any great intereft in the motion of re- 
ftitution, we took a piete of whalebone of a 
convenient bignefs and length; and having faf- 
tened one end of it in a hole made in a thick 
and heavy trencher, to be placed on the plate 
of the engine, we tied to the other end 2 
weight, whereby the whalebone was modesate- 
ly bent, the weight reaching down fo near to 2 
body placed in a level pofition under it, that 
if the {pring were but a hetle weakened, the 
weight muft either lean upon, or at leaft touch 
the horizontal plain: or if on the other fide 
the fpring fhould grow fenfibly ftronger, it 
might be eafily perceived by the diftance of che 
weight, which was fo near the plain, that a 
lietle increafe of it muft be vifible. 

T u1s done, we conveyed thefe things into 
the receiver, and ordered thofe that pumped to 
fhake it as little as they could, that the weight 
might not knock againft the body that lay un- 
der it, or fo fhake it, as to hinder us from 
difcerning, whether or no it were depreffed by 
the bare withdrawing of the air. 

Aw pv when the air had been well pumped 
out, I watched attentively, whether any nota- 
ble change in the diftance of the weight front 
the almoft contiguous plain would be produced 
upon its being let in again: tor the weight was 
then at reft, and the returning air flowing in 
much more fpeedily than it could before be 
drawn out, I thought this the likelieft time to 
difcover, whether the abfence of the air had fen- 
fibly altered the {pring of the whalebone. But 
though the experiment were made more than 
once, I could fatisfy myfelf only in this, that 
the depreffion or elevation of the weight, that 
was due to the true and meer change of the 
fpring, was not very confiderable, fince I did 
not think my felf fure, that I perceived any 7 

all: 
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all: for though it be true, that fometimes, 
when the receiver was well exhaufted, the 
weight feemed to bea little depreffed, yet that 
I thought was very Iittle, if any thing more 
than what might be afcribed to the abfence of 
the air, not confidered asa body, that had any 
thing to do directly with the fpring, but as a 
body, that had fome (though but a little) 
weight; upon which account it made the me- 
dium, wherein the experiment was tried; con- 
tribute to fupport the weight, that bent the 
fpring; which weight, when the air was ab- 
fent, muft (being now in a lighter medium) 
have its gravitation increafed by as much 
weight, as a quantity of the exhaufted arr, 
equal to it in bulk, could amount to. But this 
experiment being tried only with whalebone, 
and in a receiver not very great, may deferve 
to be further tried in taller glaffes, with {prings 
of other kinds, and by the motions of a watch, 
and other more artificial contrivances. 


EXPERIMENT XVIL 


About the making of mercurial, and other gages, 
whereby to eftimate how the receiver is éx- 
haufted. 

ECAUSE the air being invifible, it is 

not always eafy to know, whether it be 
fuiciently pumped out of the receiver that 
was to be exhaufted ; we thought it would be 
very convenient to have fome inftrument with- 
in the receiver, that might ferve for a gage, or 
ftandard, whereby to judge whether or no it 
were fufficietitly exhatfted. 

To this purpofe divers expedients were 
thought on, and fome of them put in practice ; 
which, though not equally commodious, may 
yet all of them be ufefully imployed, one on 
this occafion, and another on that. 

Te firft Gf I mifremember not) that I 
propofed, was a bladder, (which may be greater 
or lefs, according to the fize of the veffel it is 
to férve for) to be very ftronaly tied at the 
wneck, after having had only fo much air left in 
the folds of it, as may ferve to blow up the 
bladder to its full dimenfions, when the receiver 
is very well exhaufted, and not before. But 
though your lordfhip will hereafter find, that I 
yet make ufe of {mall bladders on certain occa- 
fions, in which they are peculiarly convenient; 
yet in many cafes they do, when the glaffes 
are well exhaufted, take up too much room in 
them, and hinder the objects, included in the 
feceiver, fromi being obferved from all the 
fides of it. 

Anotner fort of gage was made with 
quick-filver, poured into a very fhort pipe; 
which was afterwards inverted into a little glafs 
of ftagnant quick-filver, according to the man- 
nef of the Torricellian experiment. For this 
pipe being but a very few inches long, the 
mercury in it would not begin to defcend, till 
@ Very great proportion of air Was pumped out 
of the receiver; becaufe till then the {pring of 
the remaining air would be ftrong enough to 
be able to keep up fo fhort a cylinder of mercu- 

ry. And this kind of gage is no bad one. But 
becaufe, to omit fome other little inconve- 
hiences, it cannot eafily be fufpended, (which. 
x 


in divers experiments ’tis fit the gage fhould 
be) and the mercury in it is apt to be too much 
fhaken by the motion of the engine, there was 
another kind of gage by fome ingenious man 
(whoever he were) fubftituted in its place, con- 
fifting of a kind of fiphon, whofe fhorter lee 
hath belonging to it a large bubble of glafs, 
moft cornmonly made ufe of at an illuftrions 
meeting of virtuofi; where your lordfhip ha: 
ving feen it, I fhail not need to deftribe it 
more particularly. | 

Bu t none of the gages I had forrtierly uled, 
nor even this laft, having tlie conveniences; that 
fomeé of my experiments require; I was fain 
to devife another, which is that I moft make 
“‘ufe of, as having advantages; fome or other of 
which each of the gages already mentioned 
wants ; for even that with {pirit of wine; not to 
mention leffer difadvantages, hath a bubble too 
preat to let it be ufeful in veffels fo flender, as 
for fome purpofes I divers times employ; and 
this fhort cylinder of fo light a liquor as fpirit of 
wine makes the fubfidence of the liquor be in- 
deed a good fign, that the recerver is well ex- 
haufted, but gives us not an account what 
quantity of air may be in the receiver, *till it be 
arrived at that great meafure of rarefaction ; and 
the fame liquor, being upon a very fmall leak 
(fuch as would not be prejudicial to many ex- 
periments) impelled up to the top of the gage; 
we cannot afterwards by this inftrument take 
any meafure of the air, that gets in at the leak. 
But now there are divers experiments, where I 
defire to fee the phaenomena that will happen, 
not only (or perhaps not at all) upon the utter- 
moft exhauftion of the air, but when the pref- 
fure of it is withdrawn to fuch or fuch a mea- 
fure, and alfo when the air is gradually re- 
admitted. 


T o make the gage we aie {peaking of, take o.e piats 
a very flerider and cylindrical pipe of glafs, of I11.Fig.4. 


fix, eight, ten, or more inches in length, and 
not fo big as a goofe-quill (but fuch as we em- 
ploy for the ftems of fealed weathier-glaffes ;) and 
having at the flame of a lamp melted it; but 
hot too near the middle; to make of it by bend- 
ing ita fiphon, whofe two legs are to be not 
Only parallel to one another, but as little dif 
tant any where from one another as convenient- 
ly may be. In one (which is ufually the longer) 
of thefe legs, there is to be left at the top, 
either half an inch; or a whole inch; or more 
or lefs than either (according to the length cf 
the gage; or the {cope of the experimenter) of 
air in its natural ftate, neither rarified; nor 
condenfed ; the reft of the longer leg, and as 
great a part of the fhorter as fhall be thought 
fit; being to be filled with quick-filver. This 
done, there may be marks placed at the outfide 
of the longer, or fealed; leg, whereby to mea- 
fure the expanfion of the air included in thé 
fame leg ; and thefe marks may be either littlé 
olafs knubs, about the bignefs of pins heads, 
faftened by the help of a lamp at certain di- 
{tances to the longer leg of the fiphon; or elfe 
the divifions of an inch made on a lift of paper; 
and pafted oneither to the fiphon it felf, of to 
the flender frame, which on fome occafions we 
faften the gage to, | 

| | THis 
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T u1s inftrument being conveyed into a 
receiver (which for expedition fake we chufe as 
{mall as will ferve the turn) the air is to be ve- 
ry dilicently pumped out, and then notice is 
to be taken, to what part of the gage the mer- 
cury is depreffed, that we may know, when we 
fhali afterwards fee the mercury driven fo far, 
that the receiver, the gage is placed in, is well 
exhaufted. And if it be muchdefired to know 
more accurately (for one may arrive pretty near 
the truth Ly guefs) what ftations of the mercu- 
ry in the gage are anfwerable to the degrees of 
the rarefaclion of the air in the receiver; that 
may be compaffed either by calculation (which 
is not fo eafy, and fuppofes forne hypothefes) 
or, though not without fome trouble, by let- 
ting in the water as often as is neceflary, into a 
receiver, whofe intire capacity is firft meafured, 
and in which there may be marks made to fhew, 
when the water to be let in fhal] fill a fourth 
part, or half, or three quarters, &c. of the 
cavity. For if (for inftance) when the quick- 
filver in the gage is depreffed to fuch a 
mark, you let in the water, and that li- 
quor appears to fill a fourth part of the re- 
ceiver, you may conclude, that about a fourth 
part of the air was pump’d out, or that a 
fourth part of the fpring, that the whole in- 
cluded air had, was loft by the exhauftion, 
when the quick-filver in the gage was at the 
maik above mentioned. And if the admit- 
ted water do confiderably either fall fhort 
of, or exceed the quantity you expected, you 
may the next time let in the water either after 
the mercury has a little paffed the former mark, 
or a little before it is arrived at it. And when 
once you have this way obtained one pretty 
long and accurate gage, you will not need to 
take fo much pains to make others, fince you 
may divide them by the help of that one; for 
this being placed with any other in a {mall re- 
ceiver, when the mercury in the ftandard-gage 
(if I may fo call it) is depreffed to any of the 
determinate divifions obtained by obfervation, 
you may thence conclude, how much the air in 
the receiver is rarified, and confequently by 
taking notice of the place, where the mercury 
refts in the other gage, you may determine 
what degree of exhauftion in a receiver is de- 
noted by that ftation of the mercury in this 
gace, 

PerHAPS I need not tell your lordfhip, that 
the ground of this contrivance was, that 
whereas in divers other gages, when the pump 
came to be obftinately plied, the expanfion of 
the included air would be fo great, that it would 
either drive out the liquor, efpecially if it were 
light, or in part make an efcape through it; I 
judged, thatin fuch an inftrument, as that new- 
ly defcribed, thofe inconveniencies would be 
avoided, becaufe that the more the air fhould 
come to be dilated, the greater weight of 
quick-filver it would in the fhorter leg have to 
raife, which would fuffictently hinder it from 
making that heavy liquor run over; and the 
fame ponderoufnefs of the liquor, together 
with the flendernefs of the pipe, would like- 
wife hinder the included air from getting 
through in bubbles, 


N.B. 1. FoR moft experiments, where exact 
meafures are not required, it wili not be fo ne- 
ceffary to mark the gage at any other ftation of 
the quick-filver than that, which it is brought 
to by the exhauftion of the receiver; for by 
that alone we may know, when the air is well 
pumped out of the receiver, wherein the gage 
is included: and when one is a little ufed to 
fome particular gage, one may by the fubfi- 
dence of the mercury guefs at the degree of 
the air’s rarefaction, fo near as may ferve the 
turn in fuch experiments. But when this in- 
{trument is to be ufed about nice trials, where 
it may be thought requifite to have it divided 
according to one of the ways formerly pro- 
pofed, it will on divers occafions be more {e- 
cure (in cafe the maker of the gage has fkiil to 
do it) to put to the divifions rather by little 
knubs of glafs, than by paper; becaufe this 
willon fuch occafions be in danger either to be 
rubbed off, or wetted. And if glafs-marks be 
ufed, it will be convenient, that every fifth, or 
tenth, or fuch ordinal number as fhall be 
judged fit, be made of glafs of a differing co- 
lour, for diftin¢tion fake, and the more eafy 
reckoning. We fometimes for a need apply, 
inftead of thefe glafs-knubs, little marks of 
hard fealing wax, which will not be injured by 
moifture, as thofe papers will, that are pafted 
on: but thefe of wax, though in many cafes 
ufeful, are not comparable to the other in all; 
fince if they be very fmall, they are eafily 
rubbed off, and if large, they make not the 
divifion exact enough, and often hide the true 
place of the quick-filver. | 

2. I fhall here about the mercurial gages add 
only this hint, that what I propofed to myfelf 
in that contrivance was not only to eftimate 
the air pumped out of the receiver, or that re- 
maining in it; but alfo, by the help of this 
inftrument (as elfewhere by another experi- 
ment) to meafure (fomewhat near) the ftrength 
of the {pring of rarefied air, according to its 
feveral degrees of rarefaction; and by this 
obfervation, in concurrence with other things, 
I hoped we might (according to what I have 
elfewhere infinuated) be affifted to eftimate, 
by the cylinder of mercury raifed in the open 
leg, the expanfion of the air included in the 
fealed leg: but of thefe things I defigned in 
this place to give but an intimation. 

3. Tuart leg of the gage, that includes 
the air, may be fealed up either at the begin- 
ning, before the pipe be bent into a fiphon, 
or (which is much better) after the following 
manner. Before you bend the pipe, draw 
out the end of it, which you mean to feal, to 
a fhort and very flender thread; then hav- 
ing made the pipe a fiphon, pour into the 
leg, which is to remain open, as much quick- 
filver as you fhall judge convenient, which will 
rife to an equal height in the other leg ; out 
of which by gently inclining the fiphon, you 
may pour out the fuperfluous mercury, (if 
there be any,) and when you fee, that there is 
an inch, or half an inch (or what part you de- 
figned to leave for air) unfilled with mercury, 
next to the end that is to be clofed; and that 
the reft of that leg, and as much (as you think 

fit) 
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fit) of the other is full of quick-filver, you 
may, by keeping the fiphon in the fame pofture, 
and warily applying the flender apex above- 
mentioned to the upper part of the flame of a 
lamp, blown horizontal, eafily feal up that 
apex without cracking, or prejudicing the open 
leg, or confiderably injuring the air hole, that 
was to be fealed up in the other. And this 
fealing of one leg muft (as it is evident) keep 
the mercury fufpended in it, though it be 
higher by divers inches than that in the open 
leg, till the withdrawing of the external air 
enable the included, by expanding itfelf, to de- 
prefs the mercury in the fealed leg, and raife 
it in the open. 

4. How the length of thefe mercurial 
gages is to be varied, according to the bignefs 
and fhape of the flender receivers they are to 
be employed in; and how they may eafily be 
made either to ftand upright at the bottom of 
the receiver, or be kept hanging in the mid- 
dle, or near the top of it (as occafion may re- 
quire ;) and how the open end may be made 
to fecure the mercury, in cafes where that is 
needful, belongs not fo properly to this treatife, 
as to the fecond part of the Continuation ; 
where, if ever I trouble your lordfhip with it, 
the ufefulnefs of this fort of gages, and the 
circumftances, that may advantage them, will 
beft appear. 

5. THERE being fome experiments, where- 
in it is not defired, that the recciver fhould be 
near exhaufted, but rather that the degrees of 
the air’s rarefaction, which ought not to be 
very great, fhould be well meafured ; we may 
in fuch cafes make ufe of gages fhaped like 
thofe hitherto defcribed, but made as long as 
the receiver will well admit, and furnifhed in- 
ftead of quick-filver either with fpirit of wine 
coloured with cocheneal, or elfe with the tinc- 
ture of red rofe-leaves, drawn only with com- 
mon water, made fharp by a little either of 
the oil, or fpirit of vitriol, or of common falt. 
For the lightnefs of thefe liquors in compari- 
fon of quick-filver will allow the expanfions of 
the air included in the gage to be very mani- 
féft, and notable enough, though not half, or 
perhaps a quarter of the air be pumped out of 
the receiver. 

6. You may alfo in fuch cafes as thefe, 
where the receiver is large enough, and is not 
to be quite exhaufted, make ufe of a mercurial 
gace, differing from thofe above defcribed on- 
Jy in this, that the fiorter leg need not to be 
above an inch, or half an inch long, before it 
expand itfelf into a bubble of about half an 
inch, or an inch in diameter, and having at 
the upper part a very fhort and flender unfealed 
pipe, at which the air may get in and out: by 
which contrivance you may have this conveni- 
ence, that you need not include fo much air, as 
otherwife would be requifite, at the top of the 
longer leg, becaufe the mercury in the fhorter 
cannot, by reafon of the breadth of the bub- 
ble, whereinto the expanfion of the air drives 
it, be confiderably raifed : upon which account 
it becomes more eafy to eitimate by the eye 
the degrees of the included air’s rarefaction, 
which may be done almoft as eafily, as if there 
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were water inftead of mercury, provided i: ke 
remembered, that quick-filver, by reafon of 
its ponderoufnefs, does far more affilt the dila- 
tation of the air, than fo much water would 
do. 


EXPERIMENT XVII 
About an eafy way to meke the preffure of the 
air fenfible to the touch of thofe that doubt 
of it. 


HOUGH feveral of our experiments 
T fuchciently manifeft to the fkilful, that 
the preffure of the air is very confiderable ; 
yet becaufe fome of them require peculiar 
glaffes, and other inftruments, which are not 
always at hand, and becaufe there are many 
that think it furer to eftimate the force of pref- 
fure by what they immediately feel, than by any 
other way ; I was invited for the fake of fuch 
to employ an eafy experiment, which ufually 
proved convincing, becaufe it operated on that 
fenfe, whereon they chiefly relied. 

J caufed then to be made a hollow (but 
{trong) piece of brafs, not above two or three 
inches high, (that it might be in a trice ex- 
haufted,) and open at both ends, whofe ori- 
fices were circular and parallel, but not equal, 
(the inftrument being made tapering, fo that 
it might be reprefented by an excavated conus 
truncatus, or a gigg, with the lower part cut 
traniverfly off.) This piece of brafs being ce- 
mented on, as if it were a fimall receiver to the 
engine, the perfon, that would not believe the 
preffure of the air to be near fo confiderable as 
was reprefented, was bidden to lay the palm 
of his hand upon the upper orifice ; and being 
ordered to lean a little upon it, that fo the 
lower part of his hand might prove a clofe co- 
ver to the orifice, one exfuction of the air was 
made by the help of the pump: and then upon 
the withdrawing of the greateft part of the pret- 
fure of the internal air, that before counter- 
ballanced that of the external, the hand being 
left alone to fupport the weight of the ambient 
air, would be preffed inwards fo forceably, that 
though the ftronger fort of men were able 
(though not without much ado) to take off 
their hands, yet the weaker fort of triers could 
not do it, efpecially if by a fecond fuck the 
little receiver were better exhaufted, but were 
fain to ftay for the return of the air into the re- 
ceiver to affift them. 

THis experiment being defigned rather to 
convince than to punifh thofe that were to 
make it, we took care, not only that the brafs 
fhould be fo thick, and the orifices fo fmooth, 
that no fharpnefs nor roughnefs of the metal 
fhould offend the hand; but alfo that the nar- 
rower orifice (which was the oftneft made ufe 
of) fhould be but about an inch and a quarter 
in diameter. But if any were defirous of a 
more fenfible conviction, it was very eafy to 
give it him by making the larger orifice the 
uppermoft, which was the reafon why the in- 
{trument was, as we formerly noted, made ta- 
pering. But yet this largerorifice ought not to 
exceed two inches, or two inches and a half in 
widenels, leaft the great weight of the air en- 
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danger the creaking or confiderably hurting the 
hand of the experimenter. Which caution I 
am put in mins of giving, by remembering 
that I once much endangered my own hand, 
through the nufiake of him that managed the 
pemp, who unawares to me fet it on work, 
when, for another purpcfe, I had laid my 
hand upon the orifice of an inftrument of too 
Sreat a diameter. 


The famoits experinent of ‘Torricellius, men- 
tioned in the 17th of eur already putl-fbed trials, 
25 of that noblenefs and importance, that though 
divers learned icn have (but upon veiy differiig 
principles, difecurfed of it 12 print, which gives 
me ibe lcfs mind to infiyt (oe upon it bere, yet I 
foall not feruple to fucjoin jome notes conceriiig 
trials that I made, (thergh for want of oppor- 
tunity I could not repeat them according to my 
cuftem,) which I kad not met with in ob.rs, 
and «hich moy ferve to confirm the hypoth fis 
made ufe of in this Continuation, aud the trea- 
tife 1t belongs to. 


EXPERIMENT XIX. 


About the fubficence of niercury in the tube of 
th. Torricellian experiment to the level of the 
flagnant mercury. 


. BAROSCOPE being, included in a re- 
A ceiver, made of a long bolt head with the 
lower part of the ball cut circularly off, upon 
the firft exfuction of the air, the quick-filver 
that before ftood at 29 inches, (the atmofphere 
appearing then by a conftant barofcope very 
light,) would fall fo low as to reft at 9 or 10 
incues, (for once I meafured the fubfidence be- 
ieath its former elevation,) and in about three 
fucks more it would be brought quite down to 
the Icvel of the ftagnant quick-filver, and 
fomewhat below, (as it is the property of 
quick-filver, quite contrary to water, to rife 
lefs in a flender pipe than ina wide.) The 
air being let into the receiver, the quick-filver 
would be impelled up flowlier or fatter, as we 
pleafed, to the former height of 29 inches, 
or thereahouts. 

N.B.1. Tuart if the air were fuftercd to 
go haftily out of the receiver, the mercury 
would, by virtue of the accelerated motion 
acquired in its defcent, at the very firft fuck 
defeend, till it reached within an inch or two 
of the ftagnant mercury, though it would 
prefently after a few rifings and fallings fettle 
at the height of g or 10 inches, till the next 
fuck brought it down lower. 

2. Ir when the mercury was reimpelled 
up to its duc height, thofe that managed the 
pump did, inftead of rarefying the air, a little 
comprefs it, the quick-filver would by the 
compreffed air be eafily made to rife an inch 
or more above the former ftandard of 29 in- 
ches. Which circumftance J mention, not as 
a new thing, but to confirm (what fome think 
{trange) a paffage printed, in New L£xperi- 
ments, Fuxper. XVII. where I mention, that if 
the air in the receiver, initead of being rare- 
fyed in the engine, were a little compreffed by 


it; the preffure of the included air, being fome> 
what increafed by having its ipring thus bens; 
would fuitain the mercury in the Torricellian 
tube at a greater than the wonted height. 

AND to contirm another paflage in the 
fame page, where I obierved, that if the pret 
fure of the air upon the itagnant mercury be 
not fo great as it is wont to be, the mercury 
will begin to tubfide in a (filled and inverted) 
tube, which wants of the ufual height; we 
took a glafs cane, (fealed at one end,) much 
fhorter than the due length, and having Alled 
it with mercury, and inverted it into a glafs 
full of ftagnant mercury, we placed all in the 
former receiver ; where the mercurial cylinder, 
for want of the requifite height, remained to- 
taly fufpended, but upon tne firft or fecond 
fuck it would fubGde, and in two or three 
fucks more it would fall to the level of the 
{taznant mercury, or a little below it. Upon 
the letting in of the air it would be impelled 
to the very top of the tube, bating an aczial 
bubble, which fecmed to come from the mer- 
cury itfzlf, and was fo little, as not to be 
at all dilcernable, fave to a very attentive 
eye. 

Tuus experiment I fhould not think fit 
here to relate, fince I formerly acquainted your 
lordfhip with the fubfidence of the mercury 
upen the withdrawing of the air from the re- 
ceiver; Were it not, that, inthe mentionof that 
trial, I remember I confeffed to you, that I 
could not fo free the great receiver J then ufed 
from air, but that the little, that remained or 
leaked in, made me unable to bring the iner- 
cury in the tube totally to fubfide, or fall much 
nearer than within an inch of the furface of 
the ftagnant mercury, with which in our pre- 
fent trials that in the tube was brought tu a 
level. 


EXTrERIMENT XxX. 


Shewing that in tubes open at both ends, «chen 


no fuga vacul can be pretended, the weight of 


water wall reise quickfilver no higher in flen- 
der than i large pi-es. 


ECAUSE I find it, even by learned 
B and very late writers, urged as a clear and 
cogent argument ayainit thofe, that afcribe the 
phznomena of the Torricellian experiment to 
the weight of the external air; that it is im- 
poffible, that the air, though it were granted 
tu be a heavy body, could fuftain the quick- 
filver at the fame height in tubes of very dif- 
fering bignels, fince the fame air cannot equal- 
ly counterpoife mercurial cylinders of fuch un- 
equal weights: and becaule this objeétion is 
wont very much to puzzle thofe, that are not 
well acquainted with the hydroitaticks, I pre- 
fume your lordfhip will allow me, tll I can 
fhew you fome hydroftatical papers, by which 
the objeétion may appear to be but ill ground- 
ed upon the true theorems of that art, to an- 
nex the tranfcripts of a couple of experiments, 
(that I once made to remove this, tuppofely 
infuperable, difficulty,) yuft as I fnd them re- 


eiflered in my note-books, 
The 


Experi- 
ment 


X\ Li. 
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The First Trvyat, Sept 2, 1662. 

We took a very large glafs-tube, hermeti- 
cally fealed at one end, and about two foot and 
ahalfin length. Into this we poured quick- 
filverto the height of three or four fingers. Then 
we took a couple of cylindrical pipes of very 
unequal fizes, the wider being as big again as 
the flenderer, and open at both ends. The 
lower ends of thefe two pipes we thruft into 
the quick-filver, and faftened them near their 
upper ends to the tube with ftrings, that they 
might not be lifted up, nor moved out of their 
pofture, in which the convex furface of the 
mercury in both the pipes feemed to lie almoft 
in a level, the tube alfo itfelf being placed up- 
right ina frame. This done, by the help of 
a funnel we poured in water by degrees at the 
top of the tube, and obferved, that as the water 
gravitated more and more upon the ftagnant 
mercury, fo the included mercury rofe equally 
in both the pipes, until the tube being almoft 
fiiled with water, the mercury appeared to be 
impelled up to, and fuftained at as great a 
height in the big tube, as in the leffer, being 
in either raifed about two inches above the 
fuirface of the ftagnant quick-filver. 

N.B. 1. Havine caufed about half the 
water (having no conveniency to withdraw any 
more) in the tube to be fucked out at the top, 
we obferved the guick-filver in both the tubes 
to fubfide uniformly, and to re-afcend alike 
upon the re-affufion of the water. 

2. We endeavoured to try the experiment 
(for their fake, who have not the conveniency 
to have fuch tubes purpofely made) in a wooden 
veffel, into which, when it was filled with wa- 
_ ter, we let down a flat glafs furnifhed with 
ftagnant mercury, whereinto the ends of the 
two pipes were immerfed. But the opacouf- 
nefs of the cylinder (which reduced us to fee 
only from the top the reflection of the ftagnant 
mercury,) and other impediments, difabled us 
to perceive the motions and {tations of the mer- 
cury in the pipes, though we once made ufe of 
a candle the better to difcern them. 

The Szeconp TRYAL. 
- We took a very wide tube of glafs, of about 
a foot long, and into it poured a convenient 
quantity of quick-fiiver. We took alfo two 
pipes of about equal length, and of that difpa- 
rity in bignefs, that we newly mentioned, (thofe 
pipes lately defcribed, being indeed cut off 
from thefe we are now to {peak of,) afid thefe 
being filled with quick-filver, after the man- 
ner of the Torricellian experiment, were by 
_@ certain contrivance let down into the tube, 
and unftopped under the {furface of the ftae- 
hant mercury, and then the quick-filver in 
the pipes falling down to its wonted {ftation, 
and refting there, we poured into the tube 
about a foot height (by guefs) of water, where- 
upon the quick: filver, as it before ftood, as it 
were, ina level in both the pipes, fo it was, 
for ought appeared to us, equally impelled up 
beyond its wonted ftation, and fuftained there, 
both in the flender and in the bigger pipe, and 
upon the withdrawing of fome of the water, it 
began to fubfide alike, as to fenfe, in them 
both, falling no lower in the bigger than in the 


flenderer. And water being a fecond time 
poured down into the tube, the mercury did 
in both pipes rife uniformly as before. By 
which, and the former experiment, it fufici- 
ently appeared, that a gravitating liquor, as 
air or water, may impel, or keep up mercury 
to the fame height in tubes, that are of very 
differing capacities ; and that liquors ballance 
each other according to their altitude, and not 
barely according to their weight. For in this 
laft experiment, the addition! cylinder of one 
inch of mercury, was manifeftly raifed and 
kept up, by the water incumbent on the ftag- 
nant mercury, the other caufe; whatever it 
were, of the mercury’s {ufpenfion, being able 
to fuitain but a cylinder fhorter by an inch. 
And the fame parcel of water did counterpoile 
in the differing pipes two mercurial cylinders, 
which though but of the fame altitude, (namely 
about an inch) were of very unequal weight. 


EXPERIMENT XxXI. 


Of the heighis, at which pure mercury, and mer- 
cury amalzamed with tin, will fland in ba- 
ronielers « 


ONSIDERING with myfelf, that if the 
fuftentation of the quick-filver in the Tor- 
ricellian experiment at a certain height de- 
pends upon the equilibrium, which a liquor of 
that {pecifick gravity does at fuch a height at- 
tain to with the external air; if that peculiar 
and determinate gravity of the quick-filver be 
altered, the height.of it, requifite to an zequili- 
brium with the atmofphere, muft be altered 
too: confidering this, I fay, I thought it might 
fomewhat confirm the hypothefis hitherto made 
ufe of, if a phenomenon fo agreeable to it 


were actually exhibited. ‘This I fuppofed per- 


formable two differing ways, namely by mix- 
ing, or as chymifts fpeak, amalgamating mer- 
cury either with gold, to make it a mixture 
more heavy, or .with fome other metal, that 
might make it more light than mercury alone 
is. But the former of thofe two ways I for- 
bore to profecute, being where I then was un- 
furnifhed with a fufficient quantity of refined 
gold, for that which is coined 1s generally al- 
Jayed with filver, or copper, or both; and 
therefore amalgamating mercury with a conve- 
nient proportion of pure tin, or, as the tradef- 
men call it, block-tin, that the mixture might 
not be too thick to be readily poured out into a 
glafs-tube, and to fubfide in it, we filled with 
this amalgam a cylindrical pipe, fealed at one 
end, and of a fit length, and then inverted it 
into a little glafs furnifhed with the like mix- 
ture. Of which tryal the event was, that the 
amalgam did not fall down to 29, nor even to 
30 inches, but {topped at 31 above the furface 
of the ftagnant mixture. 

N.B. 1. TuHat though one may expect, 
that the event of the experiment would be the 
more confiderable, the greater the quantity ts, 
that is mingled of the light metal, yet care mutt 
be taken, that the amalgam be not made too 
thick, left part of it ftick here and there (as 
we did to our trouble find it apt to do) to the 
infide of the pipe, by which means fome aerial 


; corpuicles 


27 


8 


New EXPERIMENTS Phyfico-Mechanical, 


corpufcles will meet with fuch convenient re- 
ceptacles, as to make it very difficult, if not 
almoft impoffible, to free the tube quite from 
alr. 

2. Ir may perhaps be worth while to try, 
whether by comparing the height of the amal- 
gam, to what it ought to be upon the fcore of 
the fpecifick gravities of the mercury, and the 
tin, mingled in a known proportion in the 
amalgam, any difcovery may be made, whether 
thofe two metals do penetrate one another after 
fuch a manner (for there is no ftrict penetration 
of dimenfions among bodies) as copper and 
tin have, as I elfewhere note, been by fome 
chemifts obferved to do, when being melted 
down together, they make up a more clofe and 
fpecifically ponderous body, than their refpec- 
tive weights feemed to require. 

9. THaT by comparing this 21ft expert- 
ment with the 18th of thofe formerly pub- 
lifhed, it may appear, that the height of the 
liquor, fufpended in the Torricellian exper- 
ment, depends fo much upon its equilibrium 
with the outward air, that it may be varied by 
a change of gravity in either of the two bodies 
that counterballance each other, whether the 
change be of weight in the atmofphere, or of 
fpecifick gravity in the fufpended liquor. 


ADVERTISEMENT. 
Should here acquaint your lordfhip with 


what I have fince tried, in reference to the 
18th of the printed experiments, where I men- 
tion, that I obferved, by long keeping the 
fame inftrument, with which I once made 
the Torricellian experiment, in the fame 
place, that the height of the fufpended mer- 
cury would vary according as the weight of 
the atmofphere happened to change. But 
though about the barometer (as others have 
by their imitation, allowed me to call the in- 
{trument hitherto mentioned, put into a frame) 
I made in the year 1660 feveral obfervations, 
that would not perhaps be impertinent in this 
place, yet having long fince left them with a 
friend, who lives far off, and not having them 
now in my power, I muft beg your lordfhip’s 
permiffion, to referve them for a part of the 
appendix, which I doubt I fhall be engaged to 
add to this epiftle. And inthe mean time, I 
fhall not forbear to prefent your lordfhip thofe 
other papers, that I have by me, relating to 
the barometer; fome of which will, I prefume, 
fuffciently confirm my lately mentioned con- 
jecture, about the caufe of the variation ob- 
jerved in the height of the fufpended mercury. 


EXPERIMENT XXIL 


Wherein is propofed a way of making barometers, 
that may be tranfported even to diftant coun- 
tries. 


HINKING it a defireable thing (as 
\ have elfewhere intimated) to be able to 
compare together, by the help of barometers, 
the weight of the atmcfphere at the fame time, 
not only in differing parts of the fame country, 
as of England, but in differing regions of the 


world; I could not but forefee, that it would be 
y4 


very difficult to accomplifh my defire without 
altering the form of the barometers I had hi- 
therto made ufe of. For as thefe be unfit to 
be tranfported far, becaufe that ftagnant mer- 
cury would be fo apt to fpill; fo the procur- 
ing them to be made in the places, where they 
are to be ufed, though it be no bad expedient, 
and fuch as I have divers times made ufe of, 1s 
liable to this inconvenience ; that, befides that 
few will take the pains, and have the fkill, re- 
quifite to make barofcopes well, though they 
be fuficiently furnifhed with glaffes and mer- 
cury for that purpofe ; befides this, I fay, ex- 
cept men be more than ordinarily diligent and 
fkilful, (and perhaps though they be) it will be 
very difficult to be fure, that the barofcope new- 
ly made in a remote country is as good (and 
but as good)as that, which a man makes ufe of 
in this; in regard that at the making of the 
former, they are fuppofed to have no other ba- 
rofcope to compare it with; and to be fure, 
they have not the fame, with which it is to be 
compared here. _ 

Beinc by thefe confiderations invited to 
attempt the making of portable or travelling 
barofcopes (if I may fo call them) I thought it 
requifite to endeavour thefe three things: the 
firft, to make the veffel, that fhould contain 
both the fuftained and the ftagnant mercury, all 
of one piece of glafs, of a like bignefs: the 
next, to place this veffel, when filled, in fuch 
a frame, as may be eafy to be tranfported, and 
yet in a reafonable meafure defend the glafs 
from external violence, no part of it ftanding 
quite out of the frame, as in all other baro- 
{copes: and the third, fo toorder the veffel, 
that it may not be fubject to be eafily broken 
by the violent motion of the mercury contain- 
ed in it. 

Tue firft of thefe will not feem practicable 
to thofe, that imagine (without any warrant 
from the hydroftaticks,) thatit is as well necef- 
fary as ufual, that the ftagnant mercury fhould 
have a veffel much wider than the tube, where- 
in the mercurial] cylinder is fuftained; but to 
us the cifficultry feemed much lefs to make the 
glafs-part of our tube of one piece, and of a 
convenient fhape, than afterwards to fill it. 

But to do both, we took a glafs cylinder, 
fealed at one end, and of a convenient length 
(as about four or five foot) and caufed it by 
the flame of a lamp to be fo bent, that, to 
thofe, that did not take notice it was fealed at 
one end, it feemed to be a fiphon of very un- 
equal legs, the one being three or four times 
longer than the other ; by virtue of which fi- 
cure the fhorter leg may ferve inftead of the 
diftinct veffel ufually employed to contain the 
{tagnant mercury. To fill this, which is not 
eafy, one may proceed after this manner. Take 
a fmall funnelof glafs, with a long and flender 
fhank, fo.that 1t may reach three or four inches, 
or further, into the fhorter leg of our barome- 
trical fiphon (if I may fo call it;) and by this 
funnel pour into this fhorter leg as much mer- 
cury as may reach about two or three inches in 
both legs; then {topping the orifice with your 
finger, and flowly inclining the tube, the mer- 
cury in the longer leg will gently fall to the 

~ — fealed 
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{fealed end ; andthe air, that was there before, 
will pafs by it, and fo make ic room. The 
mercury in the fhorter leg (which leg ought to 
be held uppermoft) will by the fame inclination 
of the tube fall towards the orifice ; but, being 
by the finger that ftops that, kept from falling 
out, if you do flowly re-erect the glafs, and 
then make it ftoop again as much as before, 
the mercury will pafs out of the fhorter leg in- 
to the longer, and join with that which was 
there before; and if all the mercury do not fo 
pafs, the orifice is to be ftopped again with 
your finger, and the tube inclined as formerly. 
This done, the tube is to be erected, and by 
the help of the funnel more mercury is to be 
poured in, and the foregoing procefs of ftop- 
ping the orifice, inclining the tube, &c. is to 
be repeated, till all the mercury pour’d into the 
fhorter leg be brought to join with that in the 
longer ; and then the open leg is to be furnifh- 
ed with frefh mercury, obferving this, that the 
nearer the longer leg comes to the being filled, 
the lefs you mutt raife it from time to time, 
When you pour mercury into the fhorter; as 
alfo, that when you fee the longer leg quite 
full of mercury (though there be but little in 
the fhorter) you need not pour in any more, if 
the longer do much exceed a yard; becaufe 
upon the reftoring of the tube to an erected 
pofture, there will fubfide from the taller leg in- 
to the other a pretty quantity of mercury, by 
reafon of the fpace at the fealed end, which 
will be deferted by the mercury that was there. 
But becaufe it is difficult by this way, as well 
as by that practiced already, to fill a tube with 
mercury without leaving any vifible bubbles ; 
to free it from fuch (if any happen to be) you 
muft once more {top the orifice with your fin- 
ger, and incline, and re-erect the tube divers 
times, till you have thereby brought moft of 
the fmaller bubbles into one greater; (which 
you may if you pleafe increafe, by letting in a 
little air :) for by making this great bubble pafs 
leifurely two or three times from one end of 
the tube to the other, it will in its paflage as 
it were lick up all the fmall bubbles, and unite 
them to itfelf ; which ‘may afterwards by one 
inclination more of the tube be made to pafs in- 
to the fhorter leg, and thence into the free air. 

BuT there is another fort of funnels, which 
if one have the fkill and conveniency to make 
(as I. M. eafily doth) one may very expedi- 
tioufly fill the bended tubes of our portable 
barometers, For if you make the flender part 
of the funnel not ftreight but bended, in the 
form of an obtufe angle, and of fucha length, 
that the part, which is to go into the fhorter 
leg of our fiphon, may reach to the flexure (of 
the fiphon;) then you may, by fo holding the 
tube, that the fealed end be fomewhat lower 
than the other, and by pouring in mercury at 
the obtufe end of the angular funnel, eafily 
make it run over the flexure into the longer 
lee of the fiphon; provided you do now and 
then, as occafion requires, erect a little and 
fhake the tube, to help the mercury to get by 
the air, and expel it. 

By fuch ways as thefe we have found by 
experience, that itis poffible (thoagh not eafy) 

Vor. Ill. 


to do in fuch a bended glafs, as our purpofe 
requires, what, befides a very late learned wri- 
ter, the diligent Mer/ennus himfelf, admonithes 
his reader, that it is not a practicable thing to 
do inthe ordinary glaffes of the Torricellian 
experiment, viz. to free the mercury of a 
{treight tube from air and bubbles, fo as to be 
able by inclining the glafs to make the liquor 
afcend to the very top. 

_ Tue firft of our three above-mentioned 
{copes being thus attained, it was not difficult 
to compafs the fecond, by the help of a folid 
piece of wood, which is to be fomewhat longer 
than the tube, and a good deal broader in the 
lower part than in the upper, that it may re- 
ceive the fhorter leg of the fiphon. In fucha 
piece of wood, which was about an inch thick, 
we caufed to be made a gutter or channel, of 
fuch a depth and fhape, that our fiphon might 
be placed in it fo deep, that a flat piece of 
wood (like a plained lath) might be laid upon 
it, without at all preffing upon, or fo much as 
touching the glafs; fo that this piece of wood 
may ferve for a cover to defend the glafs, to 
be puton when the inftrument is to be tran- 
{ported, and taken off again, when it is to be 
hung up to make obfervations with; the chan- 
nel-piece of wood ferving both for a part of a 
cafe, and for an entire frame; which may for 
fome ufes be a little more commodious, if the 
cover be joined (as it may eafily be) to the reft 
of the frame, by two or three little hinges and 
a hafp, by whofe help the cafe may be readily 
opened and fhut at pleafure. 

THe third thing we propofed to our felves 
is nothing near fo eafy as the fecond; nor have 
we yet had opportunity to try, whether the 
way we made ufe of will hold, if the barome- 
ter be tranfported into very remote parts, 
though by {maller removes we found caufe to 
hope that it wil fucceed in greater. 

THe grand difficulty to be obviated was 
this; that though it were eafy to hinder the 
{pilling of the mercury, by ftopping the orifice 
of the fhorter leg of our fiphon, yet that 
would not ferve the turn; for the upper part 
of the tube being deftitute of air, if the mer- 
cury be by the motion of the inftrument put to 
vibrate, it will be apt (for want of meeting 
with any air in the upper part of the tube to 
check its motions) to hit fo violently againtt 
the top of the glafs as to beat it out, or to 
crack jome of the neighbouring parts. 

To obviate this great inconvenience our 
way is, to incline the tube, till the mercury 
be impelled to the very top of it, and yet 
there will remain a competent quantity in the 
fhorter leg of the elafs, if that be not at firft 
made too fhort. This done, the remaining 
part of the fhorter leg is to be quite filled up 
either with water or mercury, and the orifice 
of it is to be very carefully and firmly ftopped, 
for which purpofe we ufe our ftrong black ce- 
ment: for by this means the mercury in the 
longer leg, having no room to play, cannot 
{trike with violence as before, againft the top 
of the glafs. But though by many times fuc- 
ceffively fhaking the barofcope we did not per- 
ceive, that it was very like to be prejudiced vy 
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the fhakes it muft neceffarily endure in tranfpor- 
tation to remoce places, if due care be had of 
it by the way, yet till further trial have been 
made I fhall not pretend to be certain of the 
event. But thus much of conveniency we have 
already found in this contrivance, that we fent 
it fome miles off, to the top of a hill, and had 
it brought home fafe again, the phenomena 
at the top and bottom of the hill being an- 
{werable to what we might have expected, if we 
had employed another barofcope. 

WHEN the inftrument ts to be fent away, 
the height of the mercurial cylinder (to be mea- 
{ured from the furface of the ftagnant mercury 
in the fhorter leg) being taken tor that place, 
day, and hour, and compared (if it may be) 
with that of another good barofcope, which 1s 
to continue in that place; as much cf the gut- 
ter as is unfilled by the glafs may be well ftutted 
with cotton, or fome iuch thing, to keep the 
olais the more firm in its pofture ; and that the 
tube be not fhaken or preffed againft the 
wood, fome of the fame matter may be put 
between the reft of the frame and the cover, 
which ought to be well bound together. And 
when the inftrument ts arrrved at the remote 
place, where itis to be employed, (for if it be 
to be fent but a httle way, it may be carried 
fately without ufing any adventitious liquor) 
the water, that is added, may be taken off again, 
by foaking it up with pieces of {punge, linnen, 
&c. but if inftead of water you put in mercury, 
as it ought to have been put in by weight, fo 
it is to be taken out, till you have juft the 
weight that was put in: and it 1s not difficult 
to take out the mercury by degrees, by the 
help of a {mall glafs-pine, {ince you may either 
fuck up little by little as much as remains of 
the additional mercury, when by erecting the 
barometer, and warily unftopping the orifice 
of the lower leg, as much mercury as will of 
of itfelf how out is effuxed; or elfe you may 
take out the fuperfluous mercury, by thrufting 
the lower end of the pipe into that liquor, and 
when it has taken in enough, {topping the up- 
per end clofe with your finger, to keep it 
trom falling back again when you remove the 
pipe. 7 

N.B. IF it fhould happen in a long voyage, 
that by the numerous fhakings of the inftru- 
ment, there fhould from the additional water or 
mercury in the fhorter leg get up into the lon- 
ser any little aerial bubble, which feems the 
only, but I hope not likely, danger in this con- 
trivance, he that is to ufe the inftrument, at 
the end of the voyage may, if he be fkilful, 
free the mercury from it by the fame way, that 
we lately prefcribed to free it from air, when 
the inftrument was firft filled. 


[ preiume I need not tell your lordfhip, that 


the chief ufe of his travelling barofcope is, that 
he that ufes it in a remote part, keepin ga diary of 
the heights of the mercury, by comparing 
thele heights with thofe, at which the mercury 
itood at the fame times in the barometer that 
was not removed, the agreement or difference 
of the weight of the atmofphere in diftant 
places may be obferved. To which this may 
be added, the conveniency, whicn the ftruc- 


ture of thefe inftruments gives them to be fe- 
curcly Ict down into wells or mines, and to be 
drawn up to the top of towers, and iteeples, and 
other elevated places: not here to confider, 
whether by a convenient addition, thefe, as 
well as fome other barometers, may not be 
made to difcover even very minute alterations 
of the atmofphere’s preffure. 

WHETHER this travelling barofcope, being 
furnifhed at its upper end with a very good 
ball and focket, and at the lower end witha 
great weight (which way of keeping things 
{teady in a fhip has been happily ufed by the 
Royal Society on another occafion ;) whether, I 
fay, our inftrument may by this contrivance, 
or fome other that might be fugeefted to the 
fame purpole, be made any thing lerviceable at 
fea, netwithf{tanding the differing motions of 
the fhip, | have had no opportunizy to try: 
but whether it may or may not be uieful in 
{fpite of the rolling of the fhip, it may at Icaft 
be made ufe of in fat calms (which divers times 

appen in long voyages, cfpecially to the Eaft 
Indies, and to Africk) and then the inftru- 
ment, which at other times may lie by with- 
out being at all cumberfome, may be made 
ufe of, as long as the calm lafts, to acquaint 
the obferver with the weight of the atmofphere 
in the climate where he is, and that upon the 
fea: which may give fome welcome informa- 
tion to the curlofity of fpeculative naturalifts, 
and perhaps prove cither more directly, or in 
itsconfequences, of fome ufe to navigators them- 
felves, as by enabling them by its fudden 
changes to foretei the end of the calm. Be- 
fides that, having one of thefe inftruments 
ready at hand, whereever they fet foot on 
fhore, though it be but upon a fmall ifland, 
or arcck, they can prefently and eafily take 
notice of the gravity of the atmofphere in that 
place; which whether or no, if compared with 
other obfervations, it may in time prove not 
altogether ufelefs to the gueffine whereabouts 
they are, and the forefeeing fome approaching 
changes of weather, I leave to future experi- 
ence, if it fhall be thought worth the making, 
to determine. 

Besrpes the ordinary barofcope, and this 
travelling one, J have employcd two or three 
other initruments of quite differing kinds, to 
difcover the varying gravitiesof the atmoiphcre ; 
but though they have hitherto fucceeded well, 
for the main, yet being willing to make fur- 
ther obfervations about them, I referve one of 
them for another opporcunity, and think fit 
to leave the other in a tract it belongs to. 


A Postscript ADVERTISEMENT. 
INCE the writing of the foregoing and 
the following experiments about the tra- 
velling barofcope, having had occafion tomake 
one ata place about fitty miles diftant from 
that where I was whenJ writ them, I took no- 
tice, that the mercury in the travelling baro- 
fcope was not by {of an inch fo high as that 
in another barofcope made the ordinary way ; 
and yet it was not ealy to perceive, that the 
former had been lefs carefully filed than the 
latter. So that I yet know not well to what 
caufe 


touching the SPRING of the AIR. 


caufe to impute the difference, unleis it fhould 
- perhaps depend upon this circumftance ; that 
the pipe, whereof the travelling barofcope 
was made, was very flender, and much more 
fo, than the tube of the other; and I have 
already elfewhere obferved, that mercury, con- 
trary to what happens in water, 1s lefs apt to 
rife in very flender pipes. And though [ re- 
member, that, at the place where I writ the ex- 
periment, to which this poftfcript belongs, in 
the tube, I then employed to make the travel- 
ling barofcope, the mercury afcended as high 
as in a noted one made the common way; yet 
not being in the other place furnifhed with a 
tube, long and big enough, [I think myfelf 
obliged, till I can clear the doubt by further 
trial, to give your lordfhip this advertifement, 
Jeft either the caufe already fufpected, or fome 
other unheeded thing, may in fome cafes make 
thefe travelling barofcopes fomewhat differing 
from others. But though they fhould prove to 
be fo, yet it would not follow, that they can- 
not be made ferviceable : for keeping a pretty 
while that inftrument, which fuggefted the 
{cruple to me, juft by the other, with which I 
had compared it, and carefully taking notice 
of the refpective heights, at which the mercury 
refted in both; I obferved, that when it rofe 
or fell in the other barometer, it did alfo rife 
and fall in the portable one ; and when it reft- 
ed at its firft {tation in the former, it did fo in 
the latter; and though there feemed to be 
an inequality in the quantity of the afcent, 
and fubfidence of the mercury in the two in- 
{truments, yet that feemed to be accountable 
for, by fome circumftances, efpecially the ve- 
ry unequal breadth cf the veffel, that contained 
the ftagnant mercury in the other barometer, 
and that fhorter leg, which anfwered to that 
veffel in the travelling barometer. But till 
the formerly propofed fcruple be by further 
obfervations removed, the fafeft way will be 
to make the barometer to be fent to remote 
places, as like as may be (in bignefs, and 
length of the tube) to another portable one 
keptat home; that fo, when they are once 
adjufted, the collations may be made betwixt 
two inftruments of the fame kind, whereof 
that, which is kept at home, may allo, if it 
be thought fit, be compared, when the obfer- 
vations are made, with a barofcope, made the 
ordinary way. 


EXPERIMENT XXIIL 


Confirming, that mercury in a barometer will be 
kept fufpended higher at the top, than at the 
bottom of a bill. On which occafion fome- 
thing is noted about the height of mountains, 
efpecially the pic of Tenariff. 


O give your lordfhip fome inftance (till 

I can prefent you with a noble one) of 
the ufe of our travelling barometer, I fhall now 
add ; that when I writ the foregoing experi- 
ment, chancing to be within two or three 
miles of a hill, which, though not high, was 
the leaft low in that country, I thought our in- 
{trument might be fafely, and not altogether 


ufelefiy, carried on horie-back to the top of it, 
I 


which was too remote from the bottom to be 
conveniently reached by me on foct in the 
mid{ft of winter. This trial therefore I refoi- 
ved to make, becaufe, though I formerly told 
you of a confiderable one, that had been made 
in France by fome eminent virtuofo of that 
country; yet I was willing, not only to have a 
proof, how iately our barofcope mightbe tran- 
{ported, but to confirm to your lordfhip’ upon 
our own obfervation, made in, another region, 
fo confiderable an argument, as thefe kind of 
experiments afford to our hypothefis, 

AN p though when I came to try the ex- 
periment, I happenedto have an indi{pefition, 
that forbid me to do it.all myfeif,; yet having 
carefully marked on the edge of the frame 
the height, to which the fufpended quick-filver 
reached, and compared it with a good baro- 
{cope made the ordinary way, I committed 
our inftrument to a couple of fervants, that I 
had often employed about pneumatical and 
mercurial experiments, giving them particular 
inftructions what todo, And the infrument 
being fuch as might be fafely carried on herie- 
back, I had in two or three hours an account 
brought mé back, the fum of which was; that 
they found the fufpended mercury falla littie as 
they afcended the hill, at whefe top they gave the 
liquorleave tofettle, and caretully took notice, 
by a mark, of the place it refted at ; which was, 
as I afterwards found, 4 of an inch, or fome- 
what better beneath the mark I had made; 
and this notwithftanding the hill was not high, 
and the air and wind feemed to them to be 
much colder at the top of it, than beneath. 
But though, as they defcended more and more, 
they obferved the mercury to mfe again higher 
and higher, (as being preffed againit by a taller 
column of the atmotphere,) and though con- 
fequently the experiment agreed very well with 
our hypothefis, and may ferve for a confirma- 
tion of it; yet by reafon of the {irnall height 
of the mountain, the decrement cf the height 
of the mercurial cylinder was not not fo con- 
fiderable, but that I fhould perhaps have omit- 
ted the mention of this trial, if irdid not fhew, 
that our travelling barofcopes may be fit to be 
employed about fuch experiments. And there- 
fore, when I can recover fome of my fcattered 
papers, I fhall by way of appendix fubjoin to 
this fome other obfervations, that I procured 
to be made by ingenious men, who had the 
opportunity of living near higher mountains. 

Some further trials I have recommended 
to be hereafter made by fome other inquifitive 
perfons ; and to make them the more inftruc- 
tive, I could with, that others would dowhat I 
fhould have done, if opportunity had befriend- 
ed me. For [ defigned to make the experi- 
ment at the bottom, the top, and the inter- 
mediate part of the whole, at three differing 
conftitutions of air, viz. when it fneuld ap- 
pear by a good ordinary barofcops, thar the 
atmofphere was very heavy, when it fhould be 
found to be very light, and when it fnould 
have a moderate degree of gravity: and I 
hoped, that if fagacious experiments fnould 
make thefe diverfified obfe:vatiors on ciftant 
and unequal hills, good hints may retule = 

the 
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the collations, that may be made of the varying 
decrements of the mercurial cylinder’s height, 
according to the differing gravities of the at- 
mofphere at feveral times, and the diffcring 
heights of the hills and {tations where the ob- 
fervations fhould be made. 

I alfo endeavoured to get a barofcope car- 
ried down to the bottoms of deep mines ; 
partly, to try whether the atmofpherical pillar 
being longer there than at the top, the mercu- 
ry in the tube would not be impelled up high- 
er; and partly, in order to other difcoveries. 
But fome impediments in the ftructure of thofe 
mines made it not very practicable to employ 
barometers there; which yet makes me not 
defpair of fucceis in fome other mines, where 
the fhafts or pits are funk more perpendi- 
cularly. 

PeruHaps [ told your lordfhip already 
by word of mouth, that I have been follici- 
toufly endeavouring to get the Torricellian ex- 
periment tried upon the pic of Teneriff; but 
hitherto I have had no account of the fuccefs 
of my endeavours ; for which I am the more 
concerned, becaufe of the eminent (if not 
matchlefs) height of that mountain, of which 
you may receive fome fatisfaction, by what I 
am going to fubjoin about it. 


An Appendix about the height of Mountains. 


ORASMUCH as on the one hand, not 

only Kepler, but divers other modern 
writers of note, do endeavour to ftraiten the 
atmofphere, and make it lower by half than 
the leaft height, to which, according to our 
e{timation, it fhould reach; and to countenance 
their opinion, will not allow the clouds to be 
often above a mile high, nor even the higheit 
mountains to exceed two miles. And forai- 
much as, on the other fide, other learned men 
feem to make the clouds and the mountains of 
a {tupendous height; we, who take a middle 
way of eftimating the height of the one and 
the other, hold it not unfit to fubjoin on this 
occafion fome uncommon obfervations, in 
favour of our opinion, that we have obtained 
from inquifitive travellers. 

But firft I will f{ubjoin a paffage I have fome 
where met with in Ricciolus’s Almigeftum novum, 
where he, if I well remember, relates, that 
the rector Metenfis, as he calls him, of the 
Jefuits college affirmed to him fome years 
fince, that he had meafured the height of 
many clouds, without having found any of 
them higher than 5000 paces: which argues, 
that he met with fome fo high, though indeed 
the height of clouds muft needs be very vari- 
ous, according the gravity or lightnefs, denfity 
or thinnefs, reft or agitation of the air, and 
the condition of the vapours and exhalations 
they confift of. Andif either that be true, 
which we have formerly had occafion to men- 
tion concerning Mazgian’s obfervation ; or if it 
be true, thatiublunary comets (for I ipeak not 
of celeftial ones) are generated of exhalations 
of the terreftrial globe, we may well conjecture, 
that the atmofphere, (efpecially if its height be 
not uniform,) and even clouds, efpecially thofe 
that have moft tumcs, and feweft vapours, may 
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reach much higher than Cardaz, Kepler, and 
others have defined. 

But of the height of clouds, which we 
have fometimes attempted to take geometri- 
cally, we may have elfewhere occafion to fpeals 
again; and therefore I fhall now proceed to 
what I have to fay concerning the height of 
mountains. Which being an enquiry curious 
and difficult enough in itfelf, and of fome im- 
portance in the difquifition about the height of 
the atmofphere, it being evident, that that muft 
reach at leaft as high as the tops of mountains, 
upon whofe tops men can live; I hope it will 
not be unacceptable to your lordfhip, if having 
a while fince, as I was intimating, had the 
opportunity to difcourfe with fome credible 
perfons, that have been upon the top of exceed- 
ing high mountains, particularly of the pic of 
Tenerif, and efpecially with one gentleman, 
who was a few days before brought to fatisfy 
the curiofity of our inquifitive and difcerning 
monarch, by giving him an account of his 
journey, I acquaint you with thofe of the par- 
ticulars, which I learned from thence, that are 
the moft pertinent to our prefent purpofe. 
Firft then, whereas divers late mathematicians 
will not allow above two miles or half a german 
league, and fome of them not half fo much, 
to the height of the higheft mountain; the 
mountain we {peak of, in the ifland of Teneriff, 
one of the Canaries or Fortunate IMands, is fo 
high, that though perhaps I think thofe tra- 
vellers I have taken notice of fpeak with. the 
moft when they write, that the top of this 
mountain is be feen at fea, four degrees off, 
1, e. at leaft threefcore german leagues; yet 
having afked the ingenious gentleman lately 
mentioned, Mr. Sydenham, from what diftance 
the top of the fugar-loaf, or higheft part of the 
hill, fo called from its figure, could be feen at 
fea, according to the common opinion of fea- 
men; he anfwered, that that diftance was wont 
to be reckoned 60 fea-leagues, of three miles 
to a league ; adding, that he himfelf had feen 
it about 40 leagues off, and yet it appeared ex- 
ceeding high, and like a bluifh pyramid, ma- 
nifeftly a great deal higher than the clouds. 
And what he related to me about the diftance 
was afterwards conhrmed by the an{wers I re- 
ceived from obferving men of differing nations, 
who had failed that way ; and particularly by a 
noble virtuofo, ikilled in the mathematicks, 
who was then admiral of a brave Englifh fleer. 
And the abovementioned gentleman Mr. S. 
alfo told me, that fometimes men could from 
thence jee the ifland of AZadera, though diftant 
from it 70 leagues ; and that the great Canary, 
though 18 leagues off, feemed to be very near 
them that were on the top of the fugar-loaf, as 
if they might leap down uponit. Thus far 
Mr. Sydenbam, by whofe relation it appears, 
that this pic muft be far higher than Kepler and 
others allow mountains to be; _ for elfe it could 
not be feen at fea from fo great a diftance. 
And the learnd Ricciolus, fuppofing it to be, 
(as fome navigators report it to be,) difcover- 
able at fea four degrees off, calculates its height 
meajured by a perpendicular line, and allowing 
too for refraction, to amount to ten miles, 
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which altitude alfo thesaccurate Svellius affigns 
it. But I fear this learned man may have been 
fomewhat mif-informed by the navigators he 
relies on, or elfe that the way of allowing for 
refractions is not yet reduced to afufficient cer- 
tainty. For I donot find by thofe, who have 
purpofely gone to the top ofit, that the moun- 
tain is fo high as his calculation makes it. And 
whereas the fame eminent writer refolutely 
pronounces, that the height of mount Cauca/us, 
deduétion being made for refraction, is 51 Bo- 
lognian miles, which are confiderably greater 
than the Roman miles; I doubt not here like- 
wife, though I queftion not his fupputations, if 
you grant him the grounds of them, he makes 
this mountain far higher than indeed it is. For 
the paflage of Ariftotle, on which he founds his 
opinion, is obfcure enough ; and 4riftotle him- 
{elf does fometimes take up reports upon hear- 
fay, without over-ftrictly examining their truth 
or probability ; whereas all the navigators and 
travellers I have hitherto met with, (and your 
lordfhip knows, that I have, upon a publick 
account, the opportunity of meeting often 
with fuch men,) do almoft unanimoufly a- 
gree, that the pic of Teneriff is the highett 
mountain hitherto known in the world; and 
yet that is fo far from being 15 leagues high, 
as fome eminent, and even late writers would 
perfwade us, that it 1s fcarce a feventh part fo 
high as Ricciolus computes mount Caucafus to 
be. For having afked Mr. Sydenbam, and 


top at another time of the year, viz. that they 
begun their journey from L’oretava on the 
18th of Auguff, about 10 of the clock at 
night, and travelled till five in the afternoon 
on the monday following, refting two hours 
by the way, and travelling about 10 miles of 
their way upot: mules, which afterwards they 
were forced to leave, and betake them{c!ves to 
their feet. Refting upon monday ti!l midnight, 
they refumed their journeying, and travelled 
until about nine the next morning, at which 
time they arrived at thetop of the Sugar-loaf, 
or higheft pile of the mountain; fo that they 
travelled in all but 26 hours, in which, confi- 
dering the fteepnefs and ruggednefs of the 
ways, and that they were forced to go above 
half way on foot, to which they were unaccuf- 
tomed, it is likely enough, that the length of 
the way did not much, if at all, exceed the 
computation of the guides. | 

~ We have fince endeavoured, but without 
yet knowing what will be the fuccefs, to have 
the height of this mountain carefully taken by 
filful men. In the interim I fhall not deny, 
but that if what riftotle and other authors 
report of mount Caucafus be true, there may 
be far higher mountains than the pic of Tene- 
riff ; efpecially fince there is one confideration, 
which perhaps you will not think defpicable, 
that I find not taken notice of by thofe, that 
have written of the height of mountains ;_ viz. 


that of two mountains, that meafured by geo- Th. like 


metrical inftruments may appear to be of the confidera- 
fame height, there may yet be a great inequa- tion Ifiace 
lity; becaufe the meafurer meafures only from £u"4 t 


others, what was the eftimate made by the moft 
knowing perfons of the ifland of the height of 


the hill, he told me, that his guides accounted have been 


it to be one and twenty miles high from the 
town called L’oretava, feated on the lower part 
of the hill, from which town to the fea there 
is three miles of way always defcending. But 
in regard that the way, which amounted to 21 
miles in length, is, as other ways, whereby 
fteep places are wont to be afcended, made to 
wind and turn for the conveniency of travel- 
lers; Ican fcarce deduct lefs than two thirds 
for the crookednefs of the way: and accord- 
ingly having afked him, whether the perpen- 
dicular height of it had been accurately taken 
by any with mathematical inftruments, he an- 
fwered, that he could fay nothing to that upon 
his own knowledge, but that a feaman with 
great confidence affirmed himfelf to have ac- 
curately enough meafured it by obfervations 
made in a fhip, and to have found the perpen- 
dicular height of the hill to be about feven 
miles. Which eftimate agrees well enough 
with the calculations of Récciolus and Snellius, 
if we leffen the diftance, from which the top of 
_ the hill is to be difcovered, from 60 German 
leagues of four miles to a league, to the like 
number of common leagues at three miles to a 
league. 

Anp becaufe eminent writers have fo confi- 
dently delivered prodigious things touching 
the height of this mountain, I will here, to 
confirm the eftimate already made, add thefe 
particulars, which I tcok from the sentleman’s 
own mouth, and which were afterwards con- 
firmed to me by another, that went with him ; 
and partly alfo by a third, who went up to the 

Vou. Dl. 


fome plain piece of ground at the bottom of had, be- 
the hill to the top, whereas it may be, that fore me, 


the country, 
{tands, may be exceedingly much higher than 
that, wherein the other is placed: which dif- 
ference of heights in the feveral countries he, 
that is to meafure only the height of one of the 
mountains, 1s not wont to take any notice of; 
and confequently though in refpect of the 
plains, adjacent to the feet of the mountains, 
their altitudes may be equal, yet in refpeét of 
the level, or fuperiicies of the terraqueous globe, 
confidered as having no mountains at all but 
thofe two, the height of the one may far exceed 
that of the other ; and fo the pic of Teneriff be- 
ing looked upon from the level of the fea, may 
be much lefs high than fome other hills, but 
may appear much higher than fome other hills, 
which yet protuberating above the level part of 
fome country, which 1s itfelf generally exceeding 
high, may have its top more remote from the 
centre of the earth, than that of the pic, and 
would appear higher than it, if as well the one 
as the other were looked upon from the fame 
fuperficies of the fea. 

BuT to return to the height of the atmof- 
phere; in order to the making an eftimate of 
what we have confidered as to the height of 
mountains, I fhall add, that though by what 
has been already faid touching the height of 
the pic and other hills, it appears, that the 
atmofphere reaches far higher than many learn- 
ed men would hitherto allow; yet we are not 
to think, that the atmofphere may not reach o 

mo 


wherein one of thofe mountains DY the 
learned 
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moft incomparably higher than the tops of 
mountains. Nor do I fuffer my felf to be con- 
cluded by what many commentators of /riffo- 
tle and other writers are wont to teach, touch- 
ing the diftiact narrow extent they allow to 
that fphere, within whofe limits they would 
have the fteams of the terreftrial globe to pro- 
duce meteors. How far the height of moun- 
tains may make the air at the tops of them in- 
convenient for refpiration, fhall be (God per- 
mitting) confidered, when I come to acquaint 
your lordfhip with my loofe trials about refpi- 
ration. 


EXPERIMENT XXIV. 


Shewing that the preffure of the atmofphere may 
be exercifed enough to keep up the mercury in 
the Torricellian experiment, though the air 
prefs upon it at a very fmall orifice. 


Ty Y avery flight variation of the foregoing 
22d experiment we may both confirm 
one of the moft important, and the leaft like- 
ly truths of the hydroftaticks, and remove an 
objection, which, for want of the knowledge 
of this truth, is wont to be urged againft our 
hypothefis even by learned men. For divers 
of thefe, when they fee the fame phenomena 
happen in the Torricellian experiment, whe- 
ther it be made in the open air, or in a cham- 
ber, are forward to object, that if it were, as 
we fay it is, the weight of the air, incum- 
bent on the ftagnant mercury, which keeps 
that fufpended in the tube from falling down, 
the mercury would not be fuftained at any 
thing near the fame height in the open air, 
where the pillar, that is fuppofed to lean upon 
the {tagnant mercury, may reach up to the 
top of the atmofphere, as in a clofe room, 
where they imagine, that no more air can prefs 
tipon it, than what reaches directly up to the 
roof or cieling. And when to this it is an- 
{wered, that though if a room were indeed ex- 
actly clofed, the fuftentation of the mercury 
ought to be afcribed to fome other caufe than 
the weight of the imprifoned air, which other 
caufe I have elfewhere fhewn to be its fpring; 
yet in ordinary rooms there is {till a communi- 
cation between the internal and external air, 
either by the chimney, or, if the room have 
none, by fome crevice in the window, or by 
fome chink between the wall and the door, or 
at leaft by the key-hole. And when to this it 
is objected, that the orifice of the key-hole is 
much narrower than the fuperficies of the ftag- 
nant mercury, and confequently, though the 
atmofphere were not reduced to prefs oblique- 
ly on the mercury, yet, entering at fo fmall an 
orifice, it could not prefs fufficiently upon it ; 
when, I fay, in anfwer to this objection I have 
alledged that hydroftatical theorem, that the 
preffure, in fuch cafes as ours, is to be efti- 
mated by the heights of the liquors and not 
the breadths, the affertion has been thought 
unlikely and precarious. 

T’o confirm therefore this hydroftatical 
truth, one may take the bended tube, men- 
tioned in the 22d experiment; and inclining 
at uill the greateft part of the mercury pafs from 
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the fhorter leg into the longer, the upper end. 
of this fhorter leg may by the flame of a Jamp 
be drawn out fo flender, that the orifice of it 
fhall not be above an eighth or tenth part (not 
to fay a much lefs) as big as it was before. 
For this being done, and the tube ere¢ted a- 
gain, if the tall cylinder of mercury be of the 
ufual or former height, as we have found it, 
it will appear congruous to our hypothefis, that 
the weight of the external air may exercife as 
much preffion upon the ftagnant mercury 
through a little hole, as when all the upper fu- 
perficies of that mercury was directly expofed 
to it. 

Awp if one have not the conveniency to 
draw out the fhorter leg as is prefcribed, one 
may neverthelefs make the trial, by carefully 
{topping up the orifice with a cork and ce- 
ment, leaving only, or afterwards making, a 
very {mall hole for the air to pafs in and out. 
If I had not wanted a fit inftrument, I would 
have tried to exemplify the truth of what has 
been delivered, by adding to the glaffes we 
employed to make the fifth experiment fuch 
a cover, as might be cemented on to the edge 
of the glafs, having only a very fmall hole in 
the midit, at which the atmofphere would be 
reduced to exercife its preffure; and the like 
cover I would have made ufe of in the tenth 
experiment, about the breaking of glafs-plates_ 
in the unexhautted receiver, by the bare {pring 
of the air. 


EXPERIMENT XXV.. 


Shewing that an oblique preffure of the atmo- 
Sphere may fuffice to keep up the mercury at 
ihe wonted beight in the Torricellian experi- 
ment, and that the {pring of a little included 
air may do the fame. 


Y adding a couple of little circumftances 
B to the trials lately propofed, we may con- 
firm two confiderable articles of our hypothefis. 
For, 1. if, inftead of drawing the fhorter leg 
of our barometrical fiphon, if I may fo call it, 
directly upwards, or parallel to the longer leg, 
as in the foregoing experiment, you make the 
flender part end off fo, as that, if it were 


continued, it would make a right angle with See Plate 
the longer leg of the fiphon, or elfe an acute Y> Fig: 3- 


angle, tending downwards; this being done, 
I fay, if when the tube is ereéted the mercury 
reft at its wonted ftation, it will appear, that 
the preffure of the atmofphere may be exercifed 
upon it as well obliquely, when the pipe that 
conveys it is either horizontal, or opens down- 
wards. 

AND, 2. if, inftead of bending this flender 


pipe, one feal it up hermetically, the conti- See Plate 
nuance of the mercurial cylinder at the fame V- Fig. 4 


height will fhew, that the {pring of a very little 
air, fhut up with the preffure of the atmo- 
{phere uponit, (though no more than what 
the air here below is ordinarily expofed to by 
the weight of the incumbent air) is able to 
fupport as tall a cylinder of mercury as the 
weight of the whole atmofphere, i. e. of as 
much of it, ascan come to exercife its preffure 
again{t the mercury. 

N.B, 


touching the SPRING of the AIR: 


_ N.B. Ir when the fhorter leg of the baro- 
fcope is fealed up, you move the inftrument 
up and down, the mercury will vibrate, by 
reafon of the fomewhat yielding fpring of the 
imprifoned air; but becaufe of the refiftance of 
the {pring, the motion willbe diverfifiedafter an 
odd and pretty manner: which may be eafily per- 
ceived by the impreffion it makes upon the hand, 
but not fo eafily defcribed. And becaufe that, 
when the fhorter leg is drawn out flender 
enough, after the inftrument is furnifhed with 
quick-filver, itis eafy to feal it up with the 
flame of a candle, without the help of any in- 
ftrument at all, I fhall here take notice to your 
lordfhip, (which I could not reafonably do be- 
fore,) that it may on fome occafions be conve- 
nient to feal up the barometer, before it be 
tran{fported, and, in fome cafes, to incline the 
tube beforehand, till the quick-filver have 
quite fill’d the longer leg: by this means the 
vibrations of the quick-filver will be lefs than 
otherwife they would be, and it will be no 
trouble at all, when the inftrument is brought 
to the defigned place, to break off the flender 
apex of the fhorter leg, and fo expofe again 
the mercury to the preffure of the atmofphere. 

As about the former experiments, fo about 
thefe two this advertifement may be given; 
viz. That the fame trials, for the main, may 
be made without confining one’s felf to the pro- 
pofed ways of making them. 

1. For the firft of thefe new trials may be 
made by cementing very carefully on to the 
orifice of the fhorter leg (which need not be 
altered) a fhort pipe of glafs; whofe upper end 
may be drawn out very flender, and bent either 
horizontally or downwards; which is far eafier 
to be done, than to draw out the fhorter leg, 
when the glafs is furnifhed with mercury. 

2. Anp as for the fecond trial, that may be 
weil enough made, by carefully ftopping the 
unaltered orifice of the fhorter leg with a good 
cork, and our clofe cement, or with the latter 
only; and when you would afterwards ufe this 
inftrument as a barofcope, you need but heat 
a pin or flender wire red hot, and fo burn a 
hole through the {toppel. 

Anp this expedient, which I could not 
conveniently advertife your lordfhip of fooner, 
may be of ufe, when a travelling barofcope is 
to be often removed; becaufe having once 
{topped the whole orifice well, it is far more 
eafy to {top and open a pin-hole accurately, 
than to clofe and unftop the whole orifice of 
the tube. 

Nor E, I endeavoured to confirm more than 
one of the foregoing particulars by this one 
experiment. Having caufed a portable baro- 

meter to be made with the fhorter leg of a 
fomewhat more than ordinary length, I after- 
wards caufed the upper part of this leg to be 
drawn out very flender, as in this 25th experi- 
-ment; and laftly, I caufed the fame fhorter 
leg to be either about or fomewhat above the 
middle bended downwards, fo that the {mall 
orifice of the flender apex pointed towards the 
ground. This done, I was to have meafured 
the height of the fufpended mercury, but not 
having a fit ruler at hand, I then deferred, and 


afterwards forgot to do it; but I remember, 
that neither I, nor fome others verféd in fuch 
experiments, to whom [ fhewed it, took any 
notice, that the mercury was lefs high than in 
ordinary barometers ; whence it was concluded, 
that the atmofphere could exercife his pref- 
fure not only at a very fmall orifice, which in 
our experiment did little, if at all, exceed a 
pin-hole, but when the air muft at this little 
orifice prefs upwards to be able to prefs upon 
the furface of the ftagnant mercury. 


EXPERIMENT XXVI. 


About the making of a barofcope (but of little 
practical ufe) that ferves but at certain times, 


i fhew fome ingenious men by a me: 
dium, that hasnot hitherto (that I know 
of) been made ufe of, that the not fubfidings 
of quick-filver in an inverted tube, that is 2 
little fhorter than thirty inches, or thereabouts, 
does not proceed from fuch a fuga vacui as 
the fchools afcribe to nature, but from the 
gravity of the external air, I devifed the fol- 
lowing experiment. 

Havine made choice of atime, when it 
appeared by a good barofcope, which I had 
frequently confulted for that purpofe, that the 
atmo{phere was confideratbly heavy, I caufed a 
glafs-pipe, hermetically fealed at one end, and 
in length about two foot and a half, to be 
filled with quick-filver, fave a very little, where- 
in fome drops of water were put, that we might 
the better difcern the bubbles, if any fhould be 
left after the inverfion of the tube into an open 
glafs with ftagnant mercury init. Having by 
this means, though not without difficulty, freed 
the tube from bubbles, we fo ordered the mat- 
ter, that the quick-filver and the little water, 
that was about it, filled the tube exactly, with- 
out leaving any interval, that we could difcern 
at the top, and yet the mercurial cylinder was 
but very little higher than that of our barofcope 
was at that time. 

THs done, the newly filled pipe was lefe 
erected in a quiet place, where the liquors re- 
tained their former height for divers days. 
But though an ordinary {fchool-philofopher 
would confidently have attributed this fuften- 
tation of fo heavy a body to nature’s fear of 
admitting a vacuum ; yet it feems, that either 
fhe is not always equally fubject to that fear, 
or fome other caufe of the phanomenon mutt 
be affigned; for when (a pretty while after) I 
had obferved by the barofcope, that the at- 
mofphere was grown much lighter than before; 
repairing to my fhort tube, I found, that ac- 
cording to my expectation the quick-filver was 
not inconfiderably fubfided, and had left a ca- 
vity at the top; which afterwards grew lefler, 
according as the atmofphere grew heavier. _ 

N.B. 1. THe tube employed about this ex- 
periment may be brought to’ the requifite 
fhortnefs, either by wearing off a little of the 
glafs at the orifice of it, or by increafing the 
height of the ftagnant mercury, into’ which it 
hath been inverted. | 

2. Wuew the quick-filver in our fhort tube 
was much fubfided, there appeared in the pone? 

te 
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ter that fwam upon ita little bubble, about the 
bignefs of a {mall pin’s-head; but, confidering 
how careful we had been to free the tube from 
bubbles before we fet it to reft, it may very 
well be, that this fo fmall a bubble was not 
produced, till after the fubfiding of the quick- 
filver, whereupon the aerial particles in the 
water became lefs compreffed than before ; not 
to mention, that the bubble (fuch as it was) ap- 
peared very much greater than it would have 
done, if the preflure of the atmofphere had 
mot been kept from it by the weight of the 
fubjacent pillar of mercury. 


EXPERIMENT XXVIL 


About the afcenfion of liquors in very lender 
' pipes in an exbhaufted recerver. 


| HAT I related to your lordfhip, in 

the 35th of the publifhed experi- 
ments, about the feemingly fpontancous af- 
cenfion of water in flender pipes, has occa- 
fioned the making of many trials by the cu- 
rious, whereby that experiment has been not 
a little diverfifyed. But becaufe among thofe 
I have yet heard of, none have been made in 
our engine, it may not be amifs to add the 
following trial, which may be of ufe in the 
examen of one or two of the chief conjectures, 
that have hitherto been propofed about the 
caufe of that odd phanomenon. 

W = tinged fome fpirit of wine with coche- 
neal, which being put into the receiver, and 
the air withdrawn, did exceedingly bubble 
for a pretty while. Then little hollow pipes 
of different fizes being put into it, the red li- 
quor afcended higher in the flenderer than the 
others; but upon the withdrawing of the air 
there fcarce appeared any fenfible difference in 
the heights of the liquor, nor yet upon the let- 
ting it in again. 

AFTERWARDS two fuch pipes of differing 
fizes, being faftened together (at a diftance) 
with cement, were let down into the fame {pi- 
ritof wine, when the receiver was well exhaufted, 


pipes of glats, I confidered, that it would be 
ealy by another way to make it rife to a far 
greater height than hitherto had been done ; 
for fince we had found by obfervation, that, 
ceteris paribus, the flenderer the little pipes 
were that we employed, the higher the liquor 
would rife in them; and fince the hydrofta- 
ticks had taught us, that oftentimes, even in 
very crooked pipes, water would be made to 
afcend by the fame ways (of raifing it) to the 
fame perpendicular height (or thereabouts) as 
in ftraight ones ; I thought, that I might well 
fubftiture a powder, confifting of folid cor- 
pufcles heaped upon one another, and included 
in a glafs-cane, inflead of the little pipes I 
had hitherto uled. For I confidered the little 
intervals, that would neceffarily be left between 
thefe differingly fhaped, and confufedly placed 
corpufcles, would allow paffage to the water, 
as did the cavities of the little pipes, and yet 
would in many places be ftraighter than the 
flendereft pipes I had ufed. And though bea- 
ten glafs, or fine fand, &c. might have been 
employed about this experiment, yet I judged 
it far more convenient to make ule of fome 
metalline calx, becaufe the operation of the 
fire, making a more exquifite comminution of 
folid bodies than our peftles are wont to do, 
is fit to fupply us with exceeding minute 
Granes, that intercept proportionable cavities 
between them, 

U pon this confideration therefore (befides 
others to be hereafter hinted) I took a ftraight 
pipe of glafs, open at both ends, and of a 
moderate widenels, (for it need not be very 
flender,) and having tied a linen-rag to one 
end of it, that the water might have free paf- 
fage in, and the powder not be able to fall out, 
we carefully, and as exactly, as we could, filled 
the cavity with minium, (which is lead calcined, 
without addition, to rednefs;) and then having 
erected the tube, fo that the bottom of it 
re{ted upon that of a fomewhat fhallow, and 
open mouthed glafs, containing water enough 
to {wim an inch or two above the bottom of 


notwithftanding which the liquor afcended in 
them, for ought we could plainly fee, after 
the ordinary manner; only when the air was 
Jet in again, there feemed to be fome little 
(and but very little) rifing, at leaft, in one of 


the tube ; into whofe cavity it did, as I ex- This was 
pected, infinuate itfelf by degrees, as appeared (if I for- 
by a little change of colour in that part of the Bae 
minium which it reached, till (the open glaf latter end 


being from time to time fupplied with frefh oftheyear 


the pipes. In this trial, this phenomenon 
was noted ; that though there appeared no 
bubbles at all in the veffeled ipirit of wine, 
(notwithftanding that we continued to pump,) 
yet there did for a pretty while arife bubbles 
in that part of the liquor, that was got into 
the flender pipes ; which I gueffed to proceed 
‘from the fultentation (in part) of the {pirit of 
wine, made by the infide of the pipe, whereto 
it adhered. 


EXPERIMENT XXVII. 


About the great and feemingly {pontaneous afcen- 


fion of water in a pipe filled with a compa 
body, whofe particles are thought incapable of 
imbibing it. ? 


PON occafion of the (feemingly) fpon- 
taneous afcenfion. of watcr in. flender 


ce 2 


liquor) it attained to the height of about 30 Coe: 


inches. And then, our Society exprefling a 
curiofity to fee it, and have it placed among 
better things, I was hindered trom making 
any further obfervations with that particular 

glafs. 
WHEREFORE taking afterwards another 
tube, and fome minium carefully prepared, I 
profecuted the experiment, fo as to make the 
water rife in the pipe about 40 inches above 
the furface of the flagnant water. I gueffed it 
had rifen higher, but, by reafon that at the up- 
per part of the minium the difference of co- 
lour was fo {mall, as not to be eafily diftin- 
guifhable with certainty, I forbore to allow a 
greater height to the afcenfion of the water : 
nor could I, where I then was, much promote 
the experiment, for want of fuch accommoda- 
ations as I defired ; but about. the experiment, 
as 


as I tried it, I fhall take notice of the follow- 
ing particulars. 

I tried fome other powders befides red lead, 
(as beaten glafs, pieces of fine fpunge, putty, 
&c.) but did not find any of them do fo well; 
which fuccefs was yet perhaps but accidental, 
and therefore the trial may be repeated, efpe- 
cially with putty, becaufe that being a metal- 
line calx as well as minium, confifts of very 
{mall grains, and by reafon of its great white- 
nefs, recetves a greater change of colour by 
wetting, than minium does; in which, efpe- 
cially if it be very fine, the difcoloration, that 
water makes towards the upper part of the 
tube, is fometimes not fo eafy to be clearly 
difcerned. . 

2. I did indeed endeavour to remedy this 
inconvenience, by ufing, inftead of meer wa- 
ter, tincted liquors, as ink, tincture of faffron, 
&c. but they feemed not to mfe near fo high 
as water alone, as if the diffolved ingredients 
did by degrees chogk the pores of the mt- 
nium. 

3. To have the grains of our powder more 
minute, and the {maller intervals between 
them, I chofe not only to ufe the fineft fort 
of minium I could procure, but alfo to fift 
it through a very fine fearce, and to put it but 
by little and little into the tube, that by ram- 
Ming it from time to time, it might be made 
to lie the clofer; which expedients fucceeded 
not ul. 

4. If feemed by a trial or two (for I am 
not fure the obfervation will always hold,) that 
if the tube were very flender, (as about the big- 
nefs of a fwan’s quill,) the experiment fucceed 
ed not well, 

5. Ir may be worth while to obferve, in 
what times the water afcends to fuch and fuch 
heights ; for at the beginning, it will afcend 
much fafter than afterwards, and fometimes it 
will continue rifing 24 or 30 hours, and fome- 
times perhaps much longer. 

6. One of the fcopes I propofed to my felf 
in this experiment was to difcover a miftake 
in the explication, that fome learned modern 
writers have given us of the caufe of filtration ; 
for, whereas they teach, that the parts of filtre, 
that touch the water, being fwelled by the 
ingrefs of it to their pores, are thereby made 
to lift up the water, till it touch the fuperior 
parts of the filtre, that are almoft contiguous to 
them; by which means, thefe being alfo wet- 
ted, and {welled, raife the water to the other 
neighbouring parts of the filter, till it have 
reached to the top of it, whence its own gra- 
vity will make it defcend. - But in our cafe, 
we have a filter made of folid metalline cor- 
piicles, where it will be very hard to fhew, 
that any fuch intumefcence is produced, as the 
recited explication requires. 

7. WaTER alcendsf{o few inches even in very 
flender pipes, as to feem much to favour their 
judgment, who difallow the conjecture lately 
entertained by fome ingenious men, (particu- 
larly Mr. H.) about the ratfing of the fap in 
trees, after the like manner, that water is raifed 
in {lender pipes. But without fully delivering 
yet my thoughts of that fpeculation, I may 

Vou, II. 


touching the SPRING of the AR: 


take notice, that in the laft tryal above recited, 
I made water to afcend near, if not above; 3 
foot 3; and if, by fo flight an expedient, wa- 
ter may be made to rife as high as is neceflary 
for the nutrition of fome thoufand of plants, 
(for fuch a number there is, that exceed not 
3 foot 3 in height) one may without abfurdity 
afk, Why it is not poffible, that nature, or 
rather the moft wife author of it, may have 
made fuch contrivances in plants, as to make 
liquors afcend in them, to the tops of the tall- 
eft trees ; efpecially fince, befides divers things 
that we may already fufpect, (as heat, and 
fomething equivalent to well placed valves) 
many others, that perhaps are not yet dreamt 
of; may probably concur to the effect: . 

8. AsI formerly made, by bending the 
flender pipes we have been talking of, fhort 
fiphons, through which the water runs, without 
being at firft affifted by fuction, fo I thought 
fit to try, .whether I could not in larger pipes, 
by the help of minium, make much longer 
fiphons. But though when the orifices were 
turned upwards, fine minium were rammed 
into both the legs, and the orifices were both 
of them clofed ; yet when they came to be a- 
gain turned downwards, the weight of the 
minium would fomewhere or other (and; for 
the moft part, at, ornear, the flexure) make 
fome fuch chink, or difcontinuation, as to hinder 
the farther progrefs of the water. Which im- 
pediment, though I judged it fuperable e- 
nough, (efpecially by making, at the flexure, 
a little pipe or focket; by which both legs 
might be clofely filled) yet for want of ac- 
commodations and leifure, it was left unfur- 
mounted. Upon which account alfo, I did. 
not fatisfy my felf about the fuccefs of fome 
former tryals, as of the afcenfion of water in- 
to pieces of wood of differing forts; the ope- 
ration of the viciffirudes of the fun’s beams, 
and the abfence of them, upon liquors af 
cending in tubes filled with minium, &c. 

9. WHeTuer the preflure of the outward 
air be the caufe of the afcenfion of liquors in 
our tubes, furntfhed with minium, is a pro- 
blem, in order to whofe folution, I could ac- 
quaint your lordfhip with a contrivance, where- 
withto make fome trialsin ourengine. Butfince 
it can fcarce be well defcribed without many 
words, unlefs you exprefs a particular curiofity 
to know it, I fhall not trouble you with it : 
and the rather, becaufe the beft way I know 
of examining this difficulty belongs to the 
fecond part of this Continuation, where men- 
tion is made of an attempt about it, which 
did not, I confefs, difpleafe me. 


EXPERIMENT XXIX. 


Of the feemingly fpontaneous afcenfion of falté 
along the fides of glaffes, with a conjecture at 
the caufe of it. 


O the fame caufe, or the like, with that 

of the afcenfion of water, in flender 
pipes, may be probably referred an odd phe- 
nomenon, which, though I remember not to 
have been mentioned by any chymical or o- 


ther writer, I have not unfrequently obferved, 
as 
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as well by chance, asin trials purpofely made 
to fatisfy my felf, and others, abcut the truth 
of it. 

Tre phenomenon, in fhort, was this. That 
having, in wide mouthed glaffes, (which fhould 
not be very deep) expofed to the air a {trong 
{olution of common fea-falt, or of vitriol, which 
reached not, by fome inches, to the topof the 
glafs; and having fuffered much of the aque- 
ous part to exhale away very flowly, the co- 
agulated falt would, at length, appear to have 
lined the infide of the glafs, and to have ai- 
cended much higher, not only than the place 
where the furface of the remaining water then 
refted at, but than the place, to which the 
liquor reached, when it was firft poured in. 
And if the experiment were continued long e- 
nough, I fometimes obferved this afcenfion 
of the falt to amount to fome inches, and that 
the falt did not only line the infide of the 
glafs, but, getting over the brim of it, cover’d 
the outfide of it with a faline cruit: which 
made them, that faw how little liquor remain’d 
in the glafs, admire how it could poffibly get 
thither. 

Anvthough I have mentioned but the fo- 
lution of vitriol, and fea-falt, becaufe they are 
much eafier than others tobe procured, and yet 
the experiment fucceeds better in them than in 
fome other far lefs parable falts ; yet they are 
not the only cnes, by whofe folutions the re- 
cited phenomenon may be exhibited. 

As for the caufe of this odd effect, though 
I fhall not propofe any thing about it withconfi- 
dence, till I have further inquired into it, and 
efpecially till 1 have tried, whether the phe- 
nomenon may be produced in an exhaufted re- 
ceiver ; yet by what I have hitherto obferved, 
I am inclinedto conjecture, that it may be re- 
ferred to fuch a caute as that of the afcenfion 
of liquors in pipes, after fome fuch manner as 
this. 

First, I obferved, that in water, and a- 
queous liquors, that part of the furface, which 
is next the fides of the glafs, is (whatever 
the reafon of it be) fenfibly more elevated 
than the reft of the fuperficies; and, if very 
little clippings of ftraw, or other fuch minute, 
and light bodies, floating upon the water, 
chance to approach near enough to the fides of 
the glafs, they will be apt (which one would 
not expect) to runup, as it were, this afcent 
of water, and reft againft the fides of the 
glals. | 

NextT we may take notice, with the falt- 
boilers, and chymifts, that fea-falt 1s ufually 
Wont to coagulate at the top of the water, in 
{mall and oblong corpufcles, fo that as to thee, 
it is eafy to conceive tothem, that have confi- 
dered the firft obfervation, how numbers of 
them, may taftcn themfelves round about to 
the infide of the glafs. And befides fea-falt, 
I have found by trial divers others, if their 
folutions be flowly enough evaporated, that 
will, whilft yet there remains a good propor- 
tion of liquor, afford faline concretions at the 
top of the water. And the faftning of faline 
particles to the fides of the glafs may perhaps 
be promoted by the coldnets, that may be com- 
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municated to the corpufcles contiguous to the 


giats, by reaton of the coldnefs, which the glafs 


may be fufpeéted to have, upon the fcore of 
its denfity, in comparifon of watcr. But to 
proceed: I confider, that by the evaporation 
of the aqueous parts of the folution, the fur- 
face of the remaining liquor muft neceflarily 
fubfide, and thofe faline particles, that were 
contiguous to the infide of the glais and the 
more elevated part of the water, having no 
longer encugh of liquor to keep them diffolved, 
will be apt to remain ftickine to the fides of 
the glafs, and upon the leaft farther evapora- 
tion of the water, will be a little higher than 
the greater part of the fuperficies of that li- 
quor; by which means it will come to pafs, 
that, by reafon of the little inequalities, that 
will be on the internal furface of the adhering 
corpufcles of the falt, and perhaps alfo on the 
internal fuperficies of the glafs, there will be 
intercepted between the jalt and the glafs little 
cavities, into which the water contiguous to 
the bottom will afcend or be impelled, upon 
fuch an account as that, whereon it is raiied in 
flender pipes. And when the liquor is thus 
gotto the top of the falt, and comes to be ex- 
pofed to the air, the faline partmay, by the e- 
vaporation of the aqueous, be brought to co- 
azulate there, and confequently to increafe the 
height of the faline film, if I may fo call ir; 
which, by the like means, may be at length 
brought to reach to the very top of the elafs, 
whence it may eafily be brought over to the 
outfide of the veffel, where the natural weight 
of the folution will facilitate its progrefs down- 
wards; and the fkin of falt, together with the 
contiguous furface of the glafs, may, at length, 
conftitute a kind of fiphon. 

To this explication it agrees well, that I 
have ufually obferved the faline film hitherto 
mentioned to be with great eafe feparable from 
the glafs in large fleaks; which argues, that 


they did not ftick clofe to one another, except 


in fome few places, but had a thin cavity 
intercepted between them, through which the 
water might afcend. 

Nor Is it repugnant to this explication, that 
in cafe the water afcended, it fhould, as it 
feems, diffolve the falt. For the liquor being 
already upon the point of concretion, is fo 
slutted with falt, that it can diffolve no more. 
Whence we may allo render a reafon, why, 
when the faline film chances to reach to the 
outfide of the glafs, the liquor divers times 
does not run down to the bottom, but is co- 
asulated by the way. And I have alfo had 
a fufpicion, (though I could not feafonably take 
notice of it before now,) that when the concre- 
tion is once begun, the film may be ratfed and 
propagated, not only by the motion of the 
liquor between the infide of it and the glafs, 
but by the fame liquor’s infinuating it felf on 
the outfide of the film into the {mall chinks and 
crevifes, intercepted between the faline corpuf- 
cles, asink (efpecially if fomewhatthin) rifes into 
the flit, and along the fides of the nib of a pen, 
though nothing but its very point be dipr in 
the furface of the liquor. And by this means 
the impregnated folution may, as it were, climb 
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up to the top of the faline concretion, and by 
coagulating there add to its height. 

Some other circumftances I have noted of 
our phenomenon, that agree with the pro- 
poled explication ; but perhaps it would not 
be worth while to fpend more time about it. 
Not to examine here, whether what has been re- 
Jated, foas to make it probable, that afcend- 
ing water may carry up wherewithal to heigh- 
ten and increafe the pipes, or veflels, through 
which it rifes, may contribute any thing more 
than was fuggefted in the former 28th ex- 
periment, towards the explication of the rifing 
and diffufing of the fap in trees. 


EXPERIMENT XXX. 


About an attempt to meafure the gravity of cy- 
linders of the atmofphere, fo as that it may be 
expreffed by known and common weights. 


7HILST I was making the former ex- 
W periments, it was more than once my 
wifh, that by knowing the juft weight of a 
cylinder of quick-filver of a determinate dia- 
meter, and of 29 or 3oinches high, which 1s 
near the height, that the air does ulually coun- 
terballance, I might the better eftimate the 
weicht of a cylinder of the atmefphere of 
that diameter, and confequently make the 
better gueffes, how near the effccts of the 
{pring of the air, as well as of its weight, pro- 
duced by the help of our engine, approached 
to the utmoft of what might have been expect- 
ed, in cafe all the inftruments employed had 
been perfect, and all concurrent circumftances 
had been favourable. And upon this account, 
I feveral times regretted my want of a long 
inftrument of fteel, or hardned iron, wherewith 
I many years fince made an obfervation, that 
was more carefully regiftered than preferved, 
of the weight of a mercurial cylinder of a de- 
terminate height, as well as diameter ; which 
wight I did not think fo fafe to determine 
by the help of glafs tubes, becaufe it is very 
difficult to have them uniformly cylindrical, 
and to know that they are fo, in regard that 
they are formed but by blowing and drawing 
out; and, befides the inequality, that may hap- 
pen to the cavity upon other accounts, it is 
very difficult to make the fides of the glafs 
equally thick, and to examine whether thcy be 
fo, or no. a 
But, at length, lighting upon (what I had 
too often wanted in the foregoing experiments) 
a dextrous artificer, that chanced to come for 
a while to the place where I thcn was, I endea- 
vyoured to repair my lofs, as well as he could 
help me to do it, by caufing him to turn very 
carefully a cylindrical piece of brafs, of an inch 
in diametct, and 3 inches in length, and open 
(that it might be the better wrought) at both 
ends, to one of which was exactly fitted a flat 
bottom of the fame metal, faftned very clofe 
to it with little {crews on the outfide ; this be- 
ing judged'a better way, than if it had been 
turned all of a piece. | 
Tus inftrument being diligently counter- 
poifed in a trufty pair of fcales, was carefully 
filled with mercury, which (for greater cau- 


tion) we took out of anew parcel, that we 
had not yet employed about other experiments, 
and finding it to weigh 17 ounces, ¢ dram, 
45 grains, Troy weight, (or 137 drams 45 
grains) multiplying that by 10, there will com® 
for the weight of a mercurial cylinder, of oné 
inch in diameter, and 30 inches in height, (and 
fo high I have divers times feen the mercury 
to be ina good barometer) about 14.2 lb. 
(1. e. 14 lb. 2 ounces, and above three drams, 
Troy weight ;) and almoft 11.8 lb. Avoirdu- 
poize weight (i. e. 11 lb. 12 ounces, and a- 
bove 6 drams) which is a gréater weight, than; 
without fuch a trial, one would eafily imagine, 
that fo fhort a cylinder of mercury, and much 
lefs that a cylinder of fo light a body as air, 
being neither of them above an inch diameter, 
could amount to. 

Norte firft, to examine at the fametime 
the weight of the mercury, and its proportion 
to water, we did, before the mercury was 
poured into the brafs-veffel, fillic with water, 
(after which, we wiped it dry before the mer- 
cury was put intoit;) and this liquor weighing 
10 drams, and 15 grains, the proportion be- 
tween the mercury and the water appeared to 
be that of 13 43 to 1: which, though it feem 
fomewhat of the Icaft, yet your Lordfhip may 
remember, that I formerly told you, I had fe- 
veral times-found the received proportion of 
14to0 1, between mercury and water, to be 
fomewhat too great; and befides that, ina 
veff=], whofe orifice was no lefs than an inch in 
diameter, it is exceeding difficult to be fure, when 
it is precifely full, either of water, or mercury ; 
becaufe the former has a fuperficies confidera- 
bly concave, andthe the other one, that is no- 
tably convex; and though we ufed fome lirtle 
artifices (which would be troublefome here to 
mention) to eftimate the protuberance of the 
one liquor, and the deficience of the other, as 
near the truth as could be, yet I am not fure, 
but there may have been a few mercurial cor- 
pufcles more than there fhould have been, and 
that confequently fome fmall abatement may 
have been made, of the weight newly attributed 
to the whole mercurial cylinder of 30 inches. 

2. I had thoughts of making ufe of the 
barrel of a gun, of a convenient length, to 
find the weight of a mercurial cylinder of 2 foot 
and 33 but I preferred the initrument already 
made ule of (efpecially not being where I could 
have one bored after a peculiar way) not only 
becaufe I could not meet withone, whofe dia- 
meter was juft an inch, and confequently as 
convenient for calculations, and becaufe that 
the barrels of guns are often bored a little 
tapering; but becaufe a fkilful artificer confef- 
fed to me, that they fcarce ever bore fuch 
barrels, but with a four-fquare bit (as they call 
it,) which leaves the cavity too angular, or too 
imperfectly round; whereas if an hexahedri- 
cal bit be imployed, it will, as he afirmed, 
make the cavity almoft as cylindrical, as can 
be reafonably defired. I fay nothing here of 
making ufe, for our purpofe, of a trunk, as 
they call a hollow cylinder of wood, becaufe 
J elfewhere fhew, that wood (at leaft, fuch as 
the trunks to fhoot pellets with are wont to be 
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made of) isnot of a texture clofe enough for 
fuch an ufe. 

9, Because in cylinders of mercury, 30 
inches is a height, which the atmofphere ts fel- 
dom heavy enough to be able to counterpoife ; 
and becaufe 29 inches is fomewhat nearer the 
middle between the greateft and the leaft 
heights, at which I have obferved the mercury 
at differing times to ftand in good barome- 
ters.. Your lordfhip may, if you pleafe, abate 
a thirtieth part of the weight affigned above to 
a mercurial cylinder of 30 inches, (though I 
take 29 and #, or thereabouts, to be fome- 
what a more ufual heightof the mercury, than 
precifely nine and twenty.) 

4. Tue weight of a mercurial cylinder in 
an equilibrium with the atmofphere, and of 
one inch in diameter, being thus fettled, we 
may, by the help of the doctrine of propor- 
tions, and a few propofitions, efpecially the 
14th'of the 11th book of Euclid’s Elements, 
eafily enough calculate the weight of a cylin- 
der of mercury of another diameter, and con- 
fequently the force of the preffure of an at- 
thofpherical pillar of the fame diameter. For 
fince according tothe forenamed 14th propofi- 
tion of the 11th, cylinders of equal heights are to 
one another as their bafes ; and fince by the fe- 
cond propofition of the fame 11th element, cir- 
cles ({uch as are the bafes of cylinders) are to one 
another, as the {quaresof their diameters ; and 
fince laftly, we fuppofe, that mercury being a 
homogeneous body, at leaft as to fenfe, the 
mercurial cylinders will have the fame propor- 
tion to each other in weight, that they have 
in bulk; finee, I fay, thefe things are fo, if, 
for inftance, we defire to know, what will be 
the weight of a cylinder of 30 inches high, 
whofe diameter is two inches, the rule will be this, 

As the fquare of the diameter of the ftand- 
ard cylinder, (as I call that, whofe weight is al- 
ready known) is to the fquare of the diameter 
of the cylinder propofed ; fo will the bulk of 
the former cylinder be to that of the latter, and 
the weight of that to the weight of this. 

_ AeccorpineG to which rule, the fquare of 
one inch (which is the diameter of the ftandard 
cylinder) being but one, (whereby your lord- 
{hip may perceive, how much the meafure I 
pitched on facilitates computations,) and the 
{quare of two (which is the diameter of the 
propofed cylinder) being four, the bulk, or 
folid contents of this latter cylinder, and con- 
fequently its weight, will be four times as great 
as thofe of the ftandard cylinder ; and fo, fince 
the leffer has been already fuppofed to weigh 
11.8lb. avoirdupoife, the mercurial cylinder 
of two inches in diameter, will weigh 47.2 lb. 
of the fame weight. 


EXPERIMENT XXXL 


About the ativattive virtue of the laadftone in 
an exhaufted receiver. 


NOME learned modern philofophers, that 

have attempted to explicate the caufe and 

manner of magnetical attraction or coition, 

give fuch an account of it, as fuppofes, that 

the air between the two magnetical hedies, 
a 


being driven away by their effuviums from be« 
tween them, prefies them on the parts oppo- 
{ite to thofe, where the contact is to be made; 
and upon fome fuch fcore (for I muft not now 
{tay to deliver their theories circumftantially) 
the air is fuppofed to contribute very much to 
the attraction and fuftentation of the iron by 
the loadftone: wherefore, partly to examine 
this opinion, and partly for fome other pur- 
pofes (not neceflary now to be mentioned) we 
thought fit to make the following experiment. 

We took a {mall, but vigorous loadftone, 
capped and fitted with a loofe plate of fteel, 
fo fhaped, that when it was fuftained by the 
loaditone, we could hang at a little crook, 
that came out of the midft of it, and pointed 
downward, a {cale, wherein to put what weights 
we fhould think fit. Into this fcale we put fome- 
times more and fometimes lefs weight ; and then 
by fhaking of the load{tone as much as we guef- 
fed it would be fhaken by the motion of the en- 
gine, we found the greateft weight, that we pre- 
fumed it would be able to fupport, in fpite of 
the agitation it would be expofed to, which 
proved to be, befides the iron-plate and the 
{cale, fix ounces Troy weight, to which if we 
added half an ounce more, the whole weight 
appeared too eafy to be fhaken off. This 
done, we hung the loadftone, with all the 
weight it fuftained, at a button of glafs, which 
we had procured to be faftened on to the top 
of the infide of a receiver, when it was farft 
blown; and though, in about 12 exfuctions, 
we ufually emptied fuch receivers as much as 
was requifite for moft experiments; yet this 
time, to exhauft it the more accurately, we 
continued pumping, till we had exceeded twice 
that number of exfuctions; at the end of which 
time, fhaking the engine fomewhat rudely, 
without thereby fhaking off the weight that 
hung at the loadftone, the iron feemed to be 
very near as firmly fuftained by it, as before 
the air began to be pumped out. I faid very 
near, rather than altogether, becaufe that the 
withdrawing of the air, though it be not fup- 
pofed to weaken at all the power of the load- 
{tone precifely confidered, yet it muft leffen 
its power to fuftain the fteel ; becaufe this in 
fo thin a medium muft weigh heavier, than 
in the air, by the weight of as much air, as 
is equal in bulk to the appended body. 

SOME other magnetical trials (and alfo 
fome electrical ones) I remember I attempted 
to make by the help of our engine; but not 
having the notes I took of them now at hand, 
I fhall fufpend the mentioning them, till J 
can give your lordfhip a more punctual account 
of them. 


EXPERIMENT XXXII. 


Shewing, that when the preffure of the external 
air is taken off, it is very eafy to draw up 
the fucker of a fyriuge, though the bole, at 
which the air of water foould fucceed, be 
ftopped. 


AVING taken notice, that fome learned 
oppofers of the modern doé¢trine about 

the weight of the atmofphere think themfelves 
more 


See Plate 
VI. Fig. 1. 
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more than ordinarily befriended by the difficil- 
ty we find in drawing up the embolus, or 
fucker of a fyringe, when the hole, at which 
the air or water fhould fucceed, is ftopped, 
and by the violence, with which, as foon as it 
is let go, it is, as they imagine, drawn back. 
And fuppofing the reafon of this confidence 
of theirs to be, that men have not yet been 
able in thefe phznomena (as in fome others) 
to prove the intereft of the atmofphere’s gra- 
vity by direét or confeffedly analogous experi- 
ments ; I prefumed it will not be unwelcome 
to your lordfhip, if I here fortify the fpecula- 
tions, that have been, or may be propofed to 
explicate thefe things according to the hypo- 
thefis of the weight of the air, by what we 
tried to that purpofe, among others, when we 
were making ufe of a fyringe in our engine. 


The First TRIAL. 


We took a fyringe of brafs, (that metal 
being clofer and ftronger than pewter, of which 
fuch inftruments are ufually made,) being in 
Jength (in the barrel) about fix inches, and in 
diameter about one inch #; and having, by 
putting a thin bladder about the fucker, and 
by pouring a little oil into the cavity of the 
cylinder (or barrel;) brought the inftrument to 
be ftanch enough, and yet the fucker to move 
to and fro without much difficulty, we thruft 
this to the bottom (or bafis) of the barrel to 
exclude the air; and having unfcrewed, and 
Jaid afide the flender pipe of the fyringe (which 
in this and fome other trials, was like to prove 
not only needlefs, but inconvenient) we care- 
fully ftopped the orifice, to which the pipe in 
thefe inftruments is wont to be fcrewed, and 
then drawing up the fucker, we let it go, to 
judge by the violence, with which it would be 
driven back again, whether the fyringe were 
light enough for our purpofe; and finding it 
to be fo, we faftened to the barrel a ponderous 
piece of iron to keep it down, and then faften- 
ing to the handle of the rammer (or axle-tree 
of the fucker) one end of a ftring, whofe other 
end was tied to the often-mentioned turn- 
ing key; we conveyed this fyringe, and the 
weight belonging unto it, into a receiver ; and 


having pumped out the air, we then began to 


turn the key, thereby to fhorten the ftring 
that tied the handle of the fyringe to it ; and, 
as we foretold, that the preffure of the air, 
lately included in the receiver, being with- 
drawn, we fhould no more find the wonted re- 
fiftance in drawing up the fucker from the bot- 


tom of the cylinder, fo we found upon trial, 


that we could very eafily pull it up without 
finding any fenfible refiftance. 


HoweEveER, having thought fit to repeat 


the experiment, (which we did with the like 
fuccefs,) left it might be objected, that this 
want of refiftance might proceed, as partly 
from our employing the turning key to raife 
the fucker; fo princtpally from fome unper- 
ceived leak, at which the air may be fuppofed 
to have got into the cavity of the cylinder; I 
thought fit not only to examine by trial, after 
the receiver was removed from off the pump, 
whether the fyringe were not ftanch, (upon 
which I found, that I could not, without fome 
Vot, Ill. 


ftraining; draw up the fucker even a little way, 
and that it would be violently beaten back 
again,) but alfo in one of thefe experiments 
to make this variation ; that when the receiver 
being exhaufted; we had drawn up the fucker 
almoft to the top of the barrel, by fuch a ftring 
as was purpofely chofen fomewhat weak; we 
kept the parts of the fyringe in that potture, 
till we had open a paffage to the outward air, 
upon whofe ingrefs the fucker was (as we, in- 
tended it fhould be) fo forceably depreffed, 
that it broke the ftring, by which it was tied 
to the turning key, and was vioicntly driven 
back to the lower part of the barrel; and that 
notwithftanding thefe two difadvantageous cir- 
cumftances; one, that the ftring was not fo 
weak, but that one, whom I employed to 
try it before it was faftened to the fyringe, 
made it fuftain a lump of iron, that weighed 
between four and five pounds ; and the other, 
that yet this ftring was broken long before allt 
the air, that flowed in to fill the receiver, had 
got in: fo that the preffure of all the admitted 
air would doubtleis have broken a much 
{tronger ftring, if we had employed fuch a 
one to refift the depreffion of the fucker; 
which will yet be more evident by a phzno- 
menon of our fyringe, that I fhall prefently 
have occafion to relate. 
The Seconp TRIAL. 
Containing a variation of the foregoing. 

We took the fyringe employed in the fore- 
going experiments, and having found by trial, 
that it was, though not perfectly, tight, nor al- 
together fo much fo as before, yet enough fo 
for our prefent purpofe, (fince, when the ori- 
fice of the vent in the bafis was ftopped, if the 
fucker were more forceably drawn up a little 
way, and then let go, it would haftily return, 
or rather violently be impelled back towards 
the bottom of the barrel) we made it ferve us 
as well as we could for the following experi- 
ment. Of this fyringe we did very caretully. 
with a cork and our cement clofe the vent ; and 
then having tied to the barrel of the fyringe a 
weight, that happened to be at hand (and to a- 
mount to two pound, and as many ounces) we 
{ufpended the rammer of the fyringe by a 
{tring in a large receiver ; and then caufing the 


pump to be applied, we made 14 or 12 ex-. 


fuctions of the air, without any appearance of 
change in the fyringe. But becaufe I had 
judged the above-mentioned weight fufficient, 
and fuppofed, that the Jittle air ftill remaining 
in the receiver had yet too {trong a preffure to 
be furmounted by it, Icaufed the pumping to 
be continued, and within two or three exfuc- 
tions more I perceived the cylinder to begin to 
be drawn down, though but very flowly, by 
the weight hanging at it (affifted by its own 
sravity:) and likewife tried (after having pur- 
pofely ftopped a-while the working of the 
pump) that juft upon a frefh fuck the defcent 
would be manifeftly accelerated. And when 
we had fuffered the barrel and weight to flide 
down as far as we thought fit, we let in the 
external air, which, as was to be expected, 
railed them both again much fafter than they 
had fubfided. 

M N.B. 
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N.B. THeEReE would not have needed any 
thing near fo great a weight to deprefs the bar- 
rel of the fyringe, but that it is difficult in fuch 
an inftrument to make the fucker fill it accu- 
rately enough, without making it fomewhat 
uneafy to be moved toand fro. Upon which 
account it was neceffary, that a weight fhould 
be added, not only to furmount the preffure of 
the air remaining in the receiver, (which was 
not, nor needed to be diligently exhaufted in 
this experiment) but to overcome that re- 
fiftance, which we juft now noted the inequa- 
lities of the infide of the cylinder, and thofe 
of the fucker to give tothe motion of the one 
in or over the other. And yet for all this it 
is not eafy, though it be not impoffible, to 
make one of thefe fyringes very tight, efpecial- 
ly when the nofe is well ftopped, and the 
fucker drawn up ; there being often fome little 
air, that {trains in between the fucker and the 
barrel, and fome that will be harboured be- 
tween the fucker, though thruft home, and 
the bottom of the barrel, befides what may 
lurk between the fame fucker and the cork that 
{tops the orifice of the vent. Nor were we 
confident, that our fyringe did not at length 
let fome aerial particles infinuate themfelves in- 
to the cavity, which the depreffion of the bar- 
rel had made betwixt the bafes of that barrel 
and the fucker: and in fuch cafes we ought not 
to wonder, if upon the return of the air the 
barrel and weight be not impelled up altoge- 
ther to the fame height they refted at, when 
they were firft fufpended in the receiver. 

2. Ir agreed very well with our doctrine, 
that as the cylinder and weight began not to 
fall, till a great quantity of air had been 
pumped out of the receiver, fo they did not 
begin to move upwards prefently upon the 
freedom, that was allowed the air to return into 
the receiver. For tll it had continued a pretty 
while flowing in, there was not enough of it 
entered toreftore by its preffure the cylinder and 
the annexed weight to their former fituation. 

3. Wuart hasbeen delivered about our ex- 
periment may be confirmed by this variation, 
which we made of it; that having fubftituted 
a far heavier weight inftead of that lately men- 
tioned, the depreffion of the barrel of the fy- 
ringe fucceeded two or three times one after 
another much fooner than formerly, viz. about 
the fixth, or, at moft, the feventh exfuction. 


EXPERIMENT XXXII. 

About the opening of a fyringe, whofe pipe was 
ftopped in the exbaufted receiver, and by the 
help of it making the preffure of the air lift 
up a confiderable weight. 


HOUGH< the trial I am about to relate 

had not all the fuccefs I defired, yet per- 

haps it will not be impertinent to make men- 
tion of it, becaufe there is not any fort of ex- 


. periments, that is wont fo much to perfuade 


the generality of fpectators of the great force 
of the preffure of the air, as thofe, wherein 
they plainly fee heavy and folid bodies made 
to afcend, (upon the operation of the air on 
them) without feeing any other thing lift 
them up. z 


We took the often mentioned fyringe, and 
having clofed up the hole at the bottom with’ 
good cement, we tied to the barrel a hollow 
piece of iron, that ferved us for a fcale, into 
which we put divers weights one after another, 
trying from time to time, whether, when the 
fucker was forceably drawn up, and held fteadi- 
ly in its higheft ftation, the weight tied to the 
barrel (which was held down, whilft the fucker 
was drawn up, and afterwards let go) would be 
confiderably raifed. And when we perceived, 
that the addition of half a pound, or a pound 
more, would make the weight too great to be 


fo raifed, we forbore to put in that increafe of See Plate 
weight; and having tied the handle of the V1-Fi8-2- 


rammer to the turning-key, we conveyed the 
fyringe, together with its clog, into a receiver, 
out of which a convenient quantity of air being 
pumped, we were thereby enabled eafily to 
draw up the fucker without the cylinder; after 
which having let in the air, the by-ftanders 
concluded, that the weight was raifed a little, 
which yet I would not have allowed, if we had 
not been able, by inclining the engine and the 
receiver, to make the fyringe and weight a 
little to fwing. But to make the effect more 
evident, I caufed a two pound weight to be 
taken out, and then the receiver being fome- 
what exhaufted, and the air re-admitte¢, the 
clog, when all the air was come in, was fwiftly 
railed, and as it were {natched up from the 
middle to the upper part of the fufpended 
rammer. 

Ir is no eafy matter to meafure, with any 
certainty and exectnefs by a fyringe, the weight 
of an atmofpherical pillar equal to it in diame- 
ter, efpecially if there be any imperfeétion in 
the fyringe, either becaufe the fucker does not 
go Clofe enough, in which cafe it can fcarce be 
{tanch, or becaufe by its preffure againft the 
infide of the barrel, which often happens if it 
be too clofe, it hinders the fucker and barrel 
from fliding without refiftance by one another, 
and confequently there is an undue refiftance 
made to the endeavour of the atmofphere, to 
raife the barrel and weight. And therefore, 
though our fyringe being, upon the account of 
fome ill accident, lefs in order than it was in 
fome of the foregoing experiments, I muft 
not conclude, that a cylinder of the atmofphere 
of the fame widenefs with it is equipollent to 
no greater a weight, than that which was taken 
up in our trial, yet we may fafely conclude, that 
fo flender a pillar of the atmofphere is able to 
raife by a fyringe at leaft fuch a weight, as in 
our experiment it actually lifted up, which 
amounted to above fixteen pounds (avoirdu- 
poife weight,) for it exceeded fifteen pounds 
and three quarters, befides the weight of the 
fyringe’s barrel itfelf. 


EXPERIMENT XXXIV. 
Shewing, that the caufe of the afcenfion of lt- 


quors in fyringes is to be derived from the 
preffure of the air. 


SHALL not here trouble your lordfhip 
with what I have elfewhere propofed about 
the explicating of fuction : but as by the lately 
recited 
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recited experiments (I mean the 31, 32, and 
33) 1t has appeared, thatitis to the preffure of 
the external air that we fhould afcribe the 
difficulty of drawing up the fucker of a fyringe, 
when the pipe or the vent is ftopped; fol 
fhall now endeavour to fhew, that the afcen- 
fion of liquors, which follow the fucker when 
it isdrawn up, the pipe being open, depends 
alfo upon the preffure of the air, incumbent 
on that liquor. 

Ir I had been furnifhed with very tall re- 
ceivers, and fuch other glaffes, asI could have 
wifhed, I had tried the following experiments 
with water, as well as quick-filver ; but for 
want of thofe accommodations, I was reduced 
to make my experiment with the latter only 
of thofe liquors, which yet will, Ihope, fuf- 
ficiently make out what was intended. 


The First TrRYAL. 


We took a fmall receiver, fhaped almoft 
See Plate lke a pear, cut off horizontally at both ends, 
VIIL.Fig.2. (being the fame capped glafs, that is elfewhere 
whichtho’ mentioned in the accounts of other experi- 
alae F. ments:) we alfo took the fyringe formerly de- 
marily for . ; : 
the 39 ex- fcribed, and, having faftened on to it, with 
periment, good cement, inftead of its own brafs-pipe, a 
my faci- {mall glafs-pipe, of about half a foot in length, 


ans we put this fyringe in at the narrower end of 
ingof the receiver; to whofe orifice was afterwards 
this. carefully cemented on the brafs-cap with the 


turning-key, whereto was tied by a {tring 
the handle of the rammer. Then having con- 
veniently placed upon the engine a very fhort 
thick glafs, fhaped like a fugar-loaf, (which 
was made ufe of, for want of a better) witha 
fufficient quantity of quick-filver in it ; we fo 
placed the receiver over it, that the lower end 
of the pipe of the fyringe reached almoft to 
the bottom of this glafs, and confequently, was 
immerfed a pretty way beneath the furface of the 
quick-filver. We had alfo poured a little wa- 
ter in the upper part of the fyringe, that no 
air might get in between the fucker and the 
cylinder, notwithftanding that, by fome acci- 
dent or other, the fyringe was become fomewhat 
lefs tight than before. And laft of all, we ce- 
mented the receiver to the engine, after the 
ufual manner. 

Txat which now remained, being to try 
the experiment it felf, in order to which all 
this had been done, the air was pumped out of 
the receiver, (and confequently out of the little 
elafs that held the mercury) and then the fuck- 
er being warily drawn up, we could not fee 
the quick-filver afcend to follow it, though a 
little water, which, it feems, the outward air 
had thruft in between the fucker and the cy- 
Iinder, was either raifed, or {topped in the 
glafs-pipe of the fyringe, (whereof, yet much 
the greateft part remained unfilled ;) of which 
the reafon, according to our hypothefis, was 
manifeft, namely, that the air being pumped 
out of the receiver, the little that remained 
had not ftrength enough to prefs up fo ponde- 
rous a liquor as the quick-filver into the pipe, 
(though even that little unexhaufted air might 
have fpring enough left to raife a little water.) 
And fince it appeared by this, that without 


the preffure of the air, the quick-filver would 
not be elevated, we thought it feafonable to 
fhew, that, by the preffure of the air, it would. 
Whereupon, the air being let flowly into the 
receiver, the mercury was quickly impelled up, 
at leaft, to the topof the glafs-pipe, (though, 
by reafon of fome unperceived leak, it was 
not long fuftained there. ) 

Anp, for further fatisfaction, when the ex- 
periment was to be tried over again, we or- 
dered it to be fo made, that might plainly be 
obferved, that though, when, the receiver not 
being yet exhaufted, the fucker was drawn up 
but one inch, the mercury would be raifed to 
the upper part of the glafs-pipe of the fyringe, 
yet after the exhautfting of the receiver, though 
the fucker was drawn up twice as high, there 
appeared no afcenfion of the mercury in the 
pipe, whofe lower part only was darkened by 
the little glafs, which contained that fluid 
metal. 

Berore I difmifs this experiment, I muft, 
to make good a promife I made your lordfhip, 
acquaint you with a phenomenon, which does 
not a little confirm our doétrine, according to 
which, it was eafy both to forefee, and to 
explain it; the phznomenon was, that if, 
when the air was diligently pumped out of the 
receiver, the fucker were endeavoured to be 
pulled up, it could not be fo, without much diffi- 
culty and refiftance, fuch as was formerly found 
when the vent of the fyringe was ftopped, of 
which in our hypothefis the reafon may be 
clearly this ; that there being no common air 
in the receiver, to affift by its preffure (whe- 
ther immediate, or mediate) the raifing of the 
fucker, this could not be raifed but by a force great 
enough to furmont the weight of the external 
air, or atmofpherical pillar that leaned upon it. 
So that as the other phanomena of our expe- 
riments manifeft, that the raifing of liquors by 
a fyringe, which is commonly afcnbed to attrac- 
tion, depends upon the preffure of the air; fo 
by this phenomenon it appears, that the diffi- 
culty of openinga fyringe, whofe pipe is ftopped, 
need not be attributed to fuch a fuga vacui as 
vulgar philofophers refer it to; fince, in our 
cafe, the fame difficulty was found, though the 


' pipe were open, and the liquor it was immerfed 


in might have had free accefs to the place de- 
ferted by the fucker. 


The SeconD TRIAL. 

Being a profecution of the former attempt. 

To vary as well as confirm the foregoing 
experiment, we caufed the fyringe to be tied 
faft to a competently ponderous body, that 
might keep the cylinder unmov’d, when the 
fucker fhould be drawn up. We alfo cement- 
ed on to the vent or fcrew at the bottom of 
the fyringe, a pipe of glafs of about two inches 
in length, (which fhould have been longer, 
but that then there would not have been room 
in the receiver, for pulling up of the fucker) 
and having placed the heavy body, whereto 
the fyringe was tied, upon a pedeftal of a con- 
venient height, that the glafs-pipe might be all 
feen beneath it, and a very low vial almoft 


filled with quick-filver might be fo placed 
under- 
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underneath the pipe, that the {tagnant mercu- 
ry rcached a good way above the immerfed or!- 
fice of the faid pipe. Thefe things being thus 
provided, and the handle of the fyringe’s ram- 
mer being tied with a ftring tothe turning-key, 
that belonged to the brafs-cover of the recei- 
ver, this veffel was cemented on to the engine, 
and by it exhaufted after the ufual manner. 

Wuen this was done, we looked upon the 
{yringe’s glafs-pipe abovementioned, and be- 
ing able to fee through it, (whereby we were 
certain, that it was not yet full of quick-filver) 
we did, by the ftring, draw up the fucker to 
a good height, but could not perceive the 
pipe to be filled with any fucceeding mercury. 
Wherefore warily letting in fome air, we quick- 
ly faw the mercury impelled to the very top 
of the pipe; and we concluded, from the 
quantity of quick-filver that was raifed, that a 
pretty deal was alfo driven into the cavity of 
the cylinder. 

N.B. I had once before feen the mercury 
afcend into the pipe, upon the letting in of 
the air into the emptied receiver; but it feem- 
ing fomewhat difficult to me to determine,whe- 
ther the fucker had been raifed, becaufe there 
was no mark to guide my eftimate by, I 
thought it might be fufpected, that in cafe the 
fucker had not been raifed, the afcenfion of the 
quick-filver might have proceeded from hence, 
that the air contained in the glafs-pipe, break- 
ing out through the ftagnant mercury upon the 
exhaufting of the receiver,the quick-filver might 
upon the return of the air into the receiver, be 
preffed up into.the place deferted by the air, 
that broke out of the pipe. Wherefore we 
caufed a ftring to be tied about the rammer, as 
near as we could to the top of the cylinder, by 
which means, when the receiver was the next 
time exhaufted, we perceived, that by drawing 
up the fucker, we had raifed it about two 
inches, if not more, and yet we could not difcern 
any mercury to follow it, (the glafs-pipe {ftill 
continuing tranfparent) until we had let fome 
air return into the receiver. 

Tuis experiment, joined with thofe we 
have formerly related to have been tried with 
our fyringe, may teach us, that if a fyringe 
were made ufe of above the atmofphere, nei- 
ther the ftopping of the pipe would hinder the 
eafy drawing up of the fucker, nor the drawing 
up of the fucker, though the pipe were not 
ftopped, would raife by fuction the liquor, which 
the pipe was immerfed in. 


PosTscRIPT. 


Since the laft recited experiment was 
made, and written, finding fome of our in- 
ftruments to be in better order than they were 
when that trial was made, we thought fit 
to endeavour by that which follows, to repair 
an omiffion or two, that formerly we could 
not well avoid. 

Havine then caufed fuch a glafs-pipe, as 
has been lately mentioned, to be well cemented 
on to the fyringe, (whofe fucker did now move 
more eafily, and yet fill the barrel more ex- 
actly, than before) I ordered (being to be ab- 
fent for a while myfelf) that the pipe fhould 


be filled with fpirit of wine tinéted with coche- 
neal, that the liquor and its motions might be 
the better difcerned, and that the pipe being 
filled, that air might be excluded, which 
would elfe be harboured in the pipe, which 
caution was omitted in the foregoing experi- 
ment. And this the perfon, to whom I com- 
mitted it, affirmed to have been carefully done, 
though when he inverted the pipe thus filled 
into the reft of the red liquor, that was put 
into a vial, he could not poffibly do it fo well, 
but that a bubble of air got into the pipe, and 
took up fome (though but a little) room there. 
By that time I was called upon, to fee the 
event of the trial, and could come to look up- 
on it, the receiver was almoft quite exhautted : 
wherefore after I had made the pumping be 
continued a little longer, and perceived, that 
the tincted fpirit was fallen down out of the 
pipe, and that which lay in the vial feemed 
almoft to boi] at the top, by reafon of the 
emerfion of numerous bubbles, I caufed the 
fucker to be, by the help of the turning- 
key, drawn up by our eftimate, about two 
inches and a half, notwithftandine which, 
we could not perceive the fpirit of wine to rife 
in the pipe, though the pumping were before 
left off. For which reafon, I ordered the air to 
be let in very leifurely, upon which we could 
plainly fee, that the red fpirit was quickly driven 
up to the top of the pipe; and that it was fo 
likewife into the cavity of the barrel, appeared, 
when the receiver was removed, by the {mall 
quantity of liquor, that remained in the vial, 
and the plenty of it, which came out of the 
fyringe. 

N.B. Tuart if I had not wanted dexterous 
artificers, to work according to a contrivance 
I had defigned, I had attempted to imitate, 
by the help of the bare fpring of the air, fuch 
experiments, as in the lately recited trials were 
made to fucceed, by the help of the preffure 
exercifed by the air upon the account of its 
weight. 


EXPERIMENT XXXV. 


Shewing, that upon the preffure of the air de- 


pends the flicking of cupping glaffes to the flefby. 
parts they are applied to. 


T is fufiiciently known, that if the air within 
a cupping glafs be rarefied by the flame of 
tow, flax, or the like, burned for a little while in 
it, and the gla{fs be prefently clapped upon fome 
flefhy part of a man’s body, there will quickly 
enfue a painful and vifible fwelling of the part 
covered by the cupping glafs. | 
Ir is alfo known, that this experiment is 
wont to be urged by the {chools, as a clear 
proof of that abhorrence of a vacuum they 
afcribe to nature; for, fay they, the reafon of 
this phenomenon is plainly, that the internal 
air of the cupping glafs, praeternaturally rarified 
by heat when the inftrument 1s applied, that 
heat after a while ceafing, the fucceeding cold 
muft again neceffarily condenfe the air; and fo 
this contracted air being no longer able to fill 
the whole fpace it replenifhed before, there 
would enfue a vacuum, 1f the flefh covered by 
2 the 


See Plate 
V1-Fig. 3. 


touching the SPRING of the AIR. 


the cupping glafs,; or adjoining to it, did not 
{well into the cavity of it, to fill the place de- 
ferted by the air. , 

TuHose moderns, that affert the weight of 
the atmofphere, do thence ingenioufly endea- 
vour to deduce the phenomenon. And indeed, 
if to their hypothefis about the airs weight the 
confideration of its fpring be added, it will be 
eafy enough to explicate the phtenomenon, by 
faying, that when the cupping glafs is firft fet 
on, though much of the air it formerly con- 
tained were a little before expelled by the 
heat, yet the fame heat, increafing the preffure 
of the remaining air, is the caufe, that the ab- 
fence of the air driven out of the glais does not 
immediately occafion fo fenfible a pain: but, 
when that adventitious agitation of the included 
air ceafes, that air having now, becaufe of the 
paucity of its corpulcles, but a weak fpring, 
can no longer prefs upon the part covered by 
the cupping glafs near fo ftrongly, as the out- 
ward air does by its weight prefs upon all the 
neighbouring parts of the flefh: by which 
means, according to what we have more than 
once explicated already, fome of the yielding 
flefh, or other body covered by the fkin, mutt 
be forceably thruft into the cavity of the cup- 
ping glafs, where there is lefs preffure, than at 
the outfide of it. And the fibres and mem- 
branous parts being thus violently ftretched, 
there muft needs follow a fenfible pain as well 
as tumour. Which tumour yet does not All 
up the cupping glafs, not only becaufe of the 
refiftance of the fkin to be fo far diftended, but 
alfo, if the included air have not been much 
rarified, becaufe of the {pring of the imprifoned 
air, which grows fo much the ftronger, by how 
much the {welling flefh reduces the air into lefs 
room, as I have fometimes tried, by applying a 
cupping-glafs to quick-filver, or even to water, 
which will rife in it but to a certain height. 

But though by this, or fome fuch explica- 
tion, the argument urged by the {fchools in 
favour of the fuga vacui may be fufficiently 
enervated ; yet it fuited better with the defign 
of this treatife, to propofe fome new experi- 
ment, to illuftrate our hypothefis; and though 
it feemed to be far more difficult to do it in re- 
ference to cupping glaffes, than to other fub- 
jects, yet I pitched upon two different ways of 
experimenting ; whofe fuccefs not difappoint- 
ing me, I fhall now give your lordfhip an ac- 
count of them. 

We took a glafs of about one inch anda 
half in diameter, but a good deal longer than an 
ordinarily fhaped cupping glafs of that breadth 
would have been, that there might be the 
more room for the flame to burn in it, and 
rarify the air. We alfo provided a receiver 
fhaped almoft like a pear; this receiver was 
open at both ends; at the fharper whereof 
there was but a {mall orifice, but at the obtufe 
end there rofe up a fhort neck, whofe orifice 
was wide enough to admit with eafe the newly 
mentioned cupping glafs, without touching the 
fides of it, and we were not willing it fhould 
be much larger, left it fhould not be to exact! 
covered by the palm of the hand that fhould be 
Jaid upon it, and left alfo the hand fhould be 

Vot. IIL. 


broken or hurt by the too great weight of the 
atmofphere, when the included air fhould be 
withdrawn from under it. 

TnHeEseE things being thus prepared, anc the 
{maller orifice of the receiver being fidt2nel 
with cement to the engine, I cauf.: che a..- 
ping glafs to be faftened, with the mc.th u - 
wards, to the palm of the haud of a youch, 
whom your lordfhip may remember to lave 
{een with me, whole hand feemed framed by 
nature for this experiment, being broad, ftrong, 
and very plump. And havirg pulled the glafs, 
to try whcther it ftuck well on, I caufed him 
to put it into the receiver, and lay his hand 
fo upon the orifice lately mentioned, that it 
might ferve for a cover to it, and hinder any 
air from getting in between them. 

THatT, which we pretended was, that the 
receiver being but fimall (that it might be 
quickly exhaufted, and fo not put the youth to 
a long pain) upon an exfuction or two made 
with the pump cf the air about the cupping 
glafs, the remaining air fhould have its pref- 
fure fo far weakened, as not to be able to fup- 
port the cupping-slafs; efpecially fince if the air 
without thecupping-elafs, but yet in the receiver, 
fhould be more rarified by the removal of that 
which had been pumped out, than the air in- 
cluded in the cupping glafs was by the prece- 
dent heat, this laft mentioned air having a 
ftronger {pring (or tendency to expand itfcif ) 
than the external air of the receiver, the glafs 
mutt needs fall down, or rather be thruft off, 
though, 1n cafe there had been no air at all left 
in the cavity of the cupping glafs, the air in 
the receiver would by its preffure fuftain a far 
greater weight. 

THE event of our trial agreed very well 
with our conjecture. For upon the firft fuck 
the cupping glafs fell off, the weight of the 
atmofphere preffing fo hard upon the young 
man’s hand, that, though he be more than or- 
dinary ftrong, he complained he could very 
hardly take it off the glafs it was almoft thruft 
into, and, a while after, that his hand was ve- 
ry fore. But this laft inconvenience became 
not fo quickly very fenfible, but that we had 
time to repeat our experiment, by faftening the 
cupping glafs more ftrongly than before; fo 
that he complained, that it drew in his hand 
very forceably ; and though that part be not 
wont to be flefhy, yet the tumour occafioned 
by the cupping glafs was manifeft enough to 
the eye: but as before, fo now, at the very 
firft turning of the ftop-cock, to let out the air 
of the receiver, the cupping elafs fell off. 


EXPERIMENT XXXVI. 


About the making, without beat, a cupping glafs 
to lift up agreat weight. 


HE other experiment I Jately told your 

lordfhip we had made, to illuftrate our 
doctrine about the caufe of the fticking of ap- 
phed cupping glaffes, was tried after the fol- 
lowing manner, 

We took the brafs-hoop or ring, mentioned 
in the fifth and fixth experiments, and covered 
it with a bladder, which was wetted to make 

it 
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it the more limber, and was fo tied on to it (which 
was caly to do) that the bottom of the bladder 
c.. icd the upper orifice of the hoop, and was 
ftretcched, though not ftrongly, upon it, al- 
miu like the membrane, thar makes the head 
of aclrum,; and the neck of the bladder was 
tied with a ftring near the middle of the lower 
oriice of the hoop, and in this lower part of 
the blalder we made two or three {mall holes 
for the air to pafs in and out at. Then having 
placed at the bottom of the often mentioned 
capped receiver a thick piece of wood, that 
had a hole in it, to recerve the neck of the 
bladder, we fo placed the covered hoop upon 
this piece of wood, that the upper part of the 
bladder lay parallel to the horizon. This 
done, we fufpended, at the turning-key be- 
longing to the cap of our receiver, a blind 
head, as chemifts call it, of glais, which for 
want of a true cupping glafs we were fain to 
fubftitute, and which indeed was not very un- 
like one either for fhape or fize; and to the 
upper part of this glafs we faftened a large ring 
of metal, the better to deprefs it, and make it 
lean ftrongly on the bladder. 

THESE things being thus made ready, and 
the receiver cemented on to the engine, we 
did by the help of the turning-key let down 
the cupping glafs (for fo we fhall hereafter call 
it) till it came almoft to touch the level fuper- 
ficies of the bladder; and when the receiver 
was as far exhaufted as we thought fit, but not 
near as far as it might have been, we let down 
the cupping elafs a little lower, fo that it leaned 
upon the bladder, and touched it with all the 
parts of its orifice: fo that the cupping glafs 
with the fubjacent bladder was become an in- 
ternal receiver, if I may fo call it, whofe air 
was confiderabiy expanded, and confequently 
weakened as to its fpring. All this being done, 
we warily let the air into the receiver, and 
thereby the air, that did furround the cupping 
glafs, which we juft now called the internal re- 
reiver, having now a ftronger preffure than the 
air in the cupping glats could refift; the blad- 
der, on which the cupping glafs refted, was, as 
we looked for, thruft up a pretty way into 
the cavity of the glafs, in which it made a con- 
{picuous tumor; and was made to ftick fo clofe 
to the orifice of it, that one would have thought, 
that the bladder had been violently drawn in, as 
the fkin 1s wont to be in the ordinary applica- 
tions of cupping glaffes. 

Anp becaufe we took notice, that though 
this glafs were not capacious, for it fcarce held 
a pint of water, yet the orifice of it was not 
very narrow, being in diameter an inch and #, 
we thought fit in repeating the experiment to 
add jomething, that feemed odd enough, and 
was fit tomanifeft, that cupping glafles may, 
without heat, by the bare preffure of the exter- 
nal air, be more ftrongly faftened, than for 
ought we know they are by the help of flame. 
Having then reiterated the former experiment 
with this only variation, that we exhaufted the 
receiver further than before, we took out the 
cupping glafs and the bladder, which together 
with the included brafs-hoop was hanging at it; 
and then having tied the glafs to the hook ofa 
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good ftatera, and tied a large fcale to the neck 
of the bladder, we put in by degrees weights 
into the fcale, till we had loaded it enough to 
force off the bladder from the glafs ; which hap- 
pened not till the whole weight, that tended 
to draw down the bladder, amounted to 35 
pound, if not better, of fixteen ounces in the 
pound. Nor did we doubt, but that the pref- 
fure of the atmofphere would in our experi- 
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ment have kept up a much greater weight, if 


we had, before we let in the outward air, dili- 
gently exhaufted the receiver; which we had 
purpofely forborn to do, for fear the too dif- 
proportionate preffure of the external air fhould 
break the bladder: which puts me in miad of 
adding, upon the by, that as more weight was 
put into the fcale, the bladder (ftretched more 
and more by the weight on one fide, and the 
air on the other) appeared to fwell higher in 
the cavity of the glafs. 


EXPERIMENT XXXVI 


Shewing, that bellows, whofe nofe is very well 
fropped, will open of themfclves, when the 
preffure of the external air ts taken off. 


T’ is wont by the peripateticks and others to 

be madea great arcuinent for the fuga va- 
cui, which they attribute to nature, that if the 
nofe of a pair of bellows be well ftopped, one 
cannot open them by raifing the upper board 
from the lower. But of this another reafon 
may be eafily affigned, without determinirg 
whether there be a vacuum or no, namely the 
weight and preffure of the air: for when the 
nofe of a pair of bellows, that are tight enough, 
is well {topped, no air being able to infinuate 
itfelf upon the disjoining of the boards into the 
cavity made by that disjunction, this cannot 
be effected, but by fuch a force, as is almoft a- 
ble,( I fay almoft, becaufe ordinary bellows can- 
not be fo well fhut, but that there will remain 
fome air in them, whofe fpring will facilitate 
the opening of them) to raife an atmofpherical 
pillar, whofe bafis fhall be the upper board, 
which is commonly fo large, that a lefs force 
may ferve to break common bellows, than to 
raife fo great a weight: but if they were made 
{trong enough, and there were applieda {uff- 
cient force to lift fo great a weight, as the new- 
ly mentioned pillar of the atmofphere, the 
fides might be disjoined, how clofe and ftanch 
foever the inftrument were made. 

Tus far one may argue upon the bare 
principle of the weight of the air, but taking 
in the fpring of it too, I thought one might 
proceed fo much further, that I ventured to 
foretel divers ingenious men, that if the pref- 
fure of the ambient air were taken off, not on- 
ly it would be eafy to open the bellows in fpite 
of there being carefully ftopped at the nofe, 
but that they would fly open as it were of 
their own accord, without the application of 
any external force at all. And it was partly to 
juftify his prediction, as well as to make a trial, 
J thought more confiderable, that we made the 
following experiment. 

We caufed, then, to be made a pair of bel- 
lows, differing from ordinary ones in thefe par- 

ticulars, 
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ticulars. Firft, that the boards were circular, 
(and fo-without handles) and of about fix inches 
in diameter: 2. That there was no clack or 
valve: 3. That the nofe was but an inch long, 
or lefs, being to be lengthened if occafion re- 
quired witha pipe: 4. That the leather, which 
was not fpared, that the inftrument might be 
the more capacious, was not horny or very 
ftiff, but limber. The reafon of the firft and 
third diverfity was, that the bellows might be 
capable to be conveyed into our receiver; (for 
which purpofe alfo, if there had appeared need, 
the nofe might have been made in the upper- 
moft of the two boards:) the reafon of the fe- 
cond variation was, that the inftrument might 
be the more ftaunch: and of the fourth, that 
the bafes of the bellows might, as in organ- 
bellows, be clapped clofer together, and har- 
bour Iefs air in the wrinkles and cavity. So 
that when the bellows were opened to their full 
extent, by drawing up the upper bafis at a but- 
ton purpofely made in the midft of it, the bel- 
lows looked like a cylinder cf fixteen or eigh- 
teen inches high; upon which refemblance I 
take the liberty to call both the boards, as 
seometricians do both the circular parts of a 
cylinder, bafes. 

‘But though thefe were made by an artifi- 
cer, otherwife dexterous, yet it not being his 
trade to make bellows, nor any other man’s 
in the town IJ then was in, he could not make 
them fo tight, but that in fpite of our oiling the 
Jeather, and choaking the feams with good ce- 
ment, there was fome little and unperceived 
hole or cranny, whereby fome air had paffage 
when the nofe was accurately ftopped: but this 
was not fo confiderable, but that if we drew 
up the upper bafis from the lower, the exter- 
nal air would on all fides prefs the leather in- 
wards, and fo make the fhape of the inftru- 
ment very far from being fo cylindrical, as it 
would be if the nofe were left open. 

WHEREFORE concluding, that notwith- 
{tanding this imperfection the bellows would 
ferve, though not for both the experiments I 
defigned, yet for one of them, we carefully 
{topped the nofe, after we had approached the 
bafes to one another, and conveying them in- 
to a large receiver, 1t quickly appeared, when 
the pump was fet on work, that at every ex- 
fuction of the incumbent air, the air harboured 
in the folds of the leather, and the reft of the 
little cavity that could not but be left between 
the bafes, made the upper of thofe bafes ma- 
nifeftly rife, though its weight (becaufe of the 
thicknefs and folidity of the wood) would foon 
after deprefs it again, either by driving out 
fome of the air at fome place, where the inftru- 
ment was not fufficiently tight, or by making it 
as it were {trained through the leather itfelf ; 
and if the pump were agitated fomewhat fafter 
than ordinary, the expanfion of the internal 
air would be greater than could be rendered 
quite ineffectual by fo {mall a leak, and the up- 
per part of the bellows would be foon raifed to 
a confiderable height, as would appear more 
evidently, if we haftily let in the external air, 
upon whofe ingrefs the bafes would be clapped 
together, and the upper of them a good way 


depreffed. So that the imperfection of the 
bellows made the experimentrather more than 
lefs concluding , for fince there was no exter- 
nal force applied to open them, if notwith- 
ftanding that fome of the included air could 
get out of them, yet the {pring of the internal 
air was {trong enough to open the bellows, 
when the ambient air was withdrawn, much 
more would the effect have been produced, if 
the bellows had been perfeétly ftanch. 


EXPERIMENT XXXVII. 


Avout an attempt to examine the motions and 
Senfibility of the Cartefian Materia fubtilis, or 
the Aether, with a pair of bellows, made of 
@ bladder, in the exbaufted receiver. 


WILL not now difcufs the controverfy 
betwixt fome of the modern atomifts, and 
the Cartefians; the former of whom think, 
that betwixt the earth and the ftars, and be- 
twixt thefe themfclves there are vaft tra&ts of 
{pace, that are empty, fave where the beams 
of hght do pafs through them ; and the latter 
of whom tell us, that the intervals betwixt the 
{tars and planets, among which the earth may 
perhaps be reckoned, are perfeétly filled, but 
by a matter far fubtiler than our air, which 
fome call celeftial, and others sether. I fhall 
not, I fay, engage in this controverfy ; but thus 
much feems evident, that if there be fuch a 
celeftial matter, it muft make up far the greateft 
part of the univerfe known to us. For the in- 
terftellar part of the world, if I may f ftile 
it, bears fo very great a proportion to the 
globes, and their atmofpheres too, if other 
{tars have any, as well as the earth, that it is 
almoft incomparably greater in refpeét of them, 
than all our atmofphere is in refpeét of the 
clouds, not to make the comparifon between 
the fea and the fifhes that fwim in it. 
WHEREFORE I thought it might very 
well deferve a heedful enquiry, whether we 
can by fenfible experiments (for I hear what 
has been attemped by fpeculative arguments) 
difcover any thing about the exiftence, or the 
qualifications of this fo vaft ether: and I 
hoped our curiofity might be fomewhat affifted 
by our engine, if I could manage in it fuch a 
pair of bellows as I defigned. For I propofed 
to myfelf to faften a convenient weight to the 
upper bafis, and clog the lower with another, 
great enough to keep it horizontal and im- 
moveable ; that when by the help of the turn- 
ing key, frequently above-mentioned, the up- 
per bafis fhould be raifed to its full height, 
the cavity of the bellows might be brought to 
its full dimenfions. This done, I intended to 
exhault the receiver, and confequently the 
thus opened bellows with more than ordinary 
diligence, that fo both the receiver and they 
might be carefully freed from air. After which 
I purpofed to let go the upper bafe of the bel- 
lows, that being haftily depreffed by the in- 
cumbent weight, it might fpeedily enough fall 
down to the lower bafis, and by fo much, and 
fo quickly leffening the cavity, might expel 
thence the matter (if any where) before con- 
tained in it, and that (if it could by this way 
be 
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be done) at the whole of a {lender pine, faf- 
tened cither near the bottom of the bellows, 
or in the upper bafis ; againft, or over the ori- 
fice, of which pipe there was to be placed at 
a convenicnt diftance, either a feather, or (if 
that fhould prove too light) the fail of a little 
windmill made of cards, or fome other light 
body, and fit to be put into motion by the 
impulfe of any matter, that fhould be forced 
out of the pipe. 

By this means it feemed not improbable, 
that fome fuch difcovery might be made, as 
would not be altogether ufelefs in our enquiry. 
For if notwithftanding, the abfence of the air, 
it fhould appear by the effects, that a ftream 
of other matter, capable to fet vifible bodies 
a moving, fhould iffue out at the pipe of the 
comprefied bellows ; it would alfo appear, 
that there may be a much fubtiller body than 
common air, and as yet unobferved by the 
vacuifts, or (their adveriaries) the {chools, that 
may even copiouly be found in places deferted 
by the air; and that it is not fafe to conclude 
from the abience of the air in our receivers, 
and in the upper part of thofe tubes, where-the 
Torricellian experiment is made, that there is 
no other body left but an abfolute vacuity, or 
(as the atomifts call it) a vacuum coacervatum. 
But if on the other fide, there fhould appear 
no motion at all to be produced, fo much as 
in the feather, it feemed, that the vacuifts 
might plaufibly argue, that either the cavity 
of the bellows was abfolutely empty, or elfe 
that it would be very difficult to prove by any 
fenfible experiment that it was full; and, if by 
any other way of probation it be demonftrable, 
that it wasreplenifned with ether, we, that 
have not yet declared for any party, may by 
our experiment be taught to have no confident 
expectations of eafily making it fenfible by 
mechanical experiments ; and may alfo be in- 
formed, that it is really fo fubtle and yielding 
a matter, that does not either eafily impel 
fuch light bodies as even feathers, or fenfibly 
refift, as does the air itfelf, the motions of 
other bodics through it, and is able without 
refiftance to make its paffage through the pores 
of wood and leather, and alfo of clofer bodies, 
which we find not that the air doth in its na- 
tural or wonted {tate penetrate. 

T o iluftrate this laft claufe I fhall add, that 
to make the trial more accurate, I waved the 
ufe of other bellows, (efpecially not having 
fuch as I defired,) and caufed a pair of fmall 
bellows to be made with a bladder, as a body, 
which fome of our former experiments have 
evinced to be of fo clofe a texture, that air 
will rather break it than pafs through it: and 
that the bladder might no where lofe its en- 
tirenefs by feams, we glued on the two bafes, 
the one to the bottom, and the other to the 
oppofite part of it, fo that the neck came out 
at a hole purpofely made for it; in the upper 
bafis, and into the neck it was eafy to infert 
what pipe we thought fit, binding the neck 
very Cloie to it on the outfide. We had like- 
wife thoughts to have another pair of tight bel- 
Juws made with a very light clack in the lower 
bafis, that by haitly drawing up the other 
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bafis, when the receiver and bellows were very 
carefully exnaufted, we might fee by the rett, 
as the lifting up of the clack, whether the fub- 
tle matter, that was expelled by the upper bafis 
jn its afcent, would, according to the modern 
doctrine of the circle made by moving bodics; 
be impelled up or not. 

W £ alfo thought of placing the little pipe 
of the bladder-bellows (if I may fo call them) 
beneath the furface of water exquifitely freed 
from air, that we might fee, whether upon the 
depreffion of the bellows by the incumbent 
weight, when the receiver was carefully ex- 
hautted, there would be any thing expelled at 
the pipe, that would produce bubbles in the 
liquor, wherein its orifice was immerfed.: 

T o bring now our conjectures to fome trial, 
we put into a capped receiver the bladder ac- 
commodated as before is mentioned ; and though 
we could have wifhed it had been fomewhat 
larger, becaufe it contained but between half a 
pint and a pint, yet in regard it was fine and 
limber, and otherwife fit for our turn, we re- 
relolved to try how it would do; and to de- 
prefs the upper bafis of thefe little bellows the 
more eafily and uniformly, we covered the 
round piece of paftboard, that made the upper 
bafis, with a pewter-plate, (with a hole in it 
for the neck of the bladder ;) which neverthe- 
Jefs upon trial proved not ponderous enough, 
whereby we were obliged to affift it by laying 
on it a weight of lead. And to fecure the 
above-mentioned feather, (which had a fender 
and flexible {ftem, and was left broad at one 
end, and faftened by cement at the other, fo 
as to {tand with its broad end at a convenient 
diftance juft over the orifice of the pipe,) from 
being blown afide to either hand, we made it 


to move in a perpendicular flit in a piece of See Plate 
paftboard, that was faftened to one part of the V!-Fig.7- 


upper bafis, as that which the feather was 
glued to was to another part. Thefe things 
being thus provided, the pump was fet a- 
work; and as the ambient air was from time 
to time withdrawn, fo the air in the bladder 
expanded itfelf fo ftrongly, as to lift up the 
metalline weight, and yet in part to fally out 
at the little glafs-pipe of our bellows, as ap- 
peared by its blowing up the feather, and keep- 
ing it dufpended till the {pring of the air in 
the bladder was too far weakened to continue 
to do as it had done. In the mean time we 
did now and then, by the help of a ftring 
faftened to the turning key, and the upper 
bafis of the bellows, let down that bafis a 
little, to obferve how upon its finking the 
blaft againft the feather would decreafe, as the 
receiver was further and further exhaufted. 
And when we judged it to be fufficiently freed 
from air, we then let down the weight, but 
could not perceive, that by fhutting of the bel- 
lows, the feather was at all blown up, as it 
had been wont to be, though the upper bafis 
were more than ufually depreffed. And yet it 
feems fomewhat odd, that when, for curiofity, 
in order toa further trial, the weight was drawn 
up again, as the upper bafis was raifed from 
the lower, the fides of the bladder were fenfi- 
bly (though not very much) preffed, or drawn 

inwards. 
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inwards. ‘The bellows being thus opened, we 
Jet down the upper bafis again, but could not 
perceive, that any blaft was produced ; for 
though the feather, that lay juft over and near 
the orifice of the little glafs-pipe, had fome 
motion, yet this feemed plainly to be but a 
fhaking and almoft vibrating motion (to the 
sight and left hand,) which it was put into by 
the upper bafis, which the ftring kept from a 
{mooth and uniform defcent ; but not to pro- 
ceed from any blaft iffuing out of the cavity 
of the bladder. And for further fatisfaction, 
we caufed fome air to be let into the receiver, 
becaufe there was a poffibility, that unawares 
to us the flender pipe might by fome acci- 
cident be choaked : but though upon the re- 
turn of the air into the receiver, the bafes of 
the bellows were preft clofer together, yet it 
feemed, that, according to our expectation, 
fome little air got through the pipe into the 
cavity of the bladder: for when we began to 
withdraw again the air we had let into the re- 
ceiver, the bladder began to fwell again, and 
upon our letting down the weight, to blow up 
and keep up the feather, as had been done be- 
fore the receiver had been fo well exhautted. 
What conjecture the opening and fhutting of 
our little bellows, more than once or twice, 
without producing any blaft fenfible by the 
raifing of the feather, gave fqme of the by- 
ftanders, may be eafily gueffed by the pream- 
ble of this experiment ; but whilft I was en- 
deayouring to profecute it for my own farther 
information, a mifchance, that befel the inftru- 
ment, kept me from giving my felf the defired 
fatisfaction. 


EXPERIMENT XXXIX. 


About a further attempt to profecute the inquiry 
propofed in the foregoing Experiment. 


ONSIDERING with my felf, that by the 
help of fome contrivances not difficult, 
a fyringe might be made to ferve, as far as 
aur prefent occafion required, inftead of a pair 
of bellows; I thought it would not be im- 
proper to try a differing, and, in fome regards, 
a better way to profecute an attempt, which 
feemed to me, to deferve our curiofity. 

I caufed then to he made, for the formerly 
mentioned fyringe, inftead of its ftreight pipe, 
a craoked one ; whofe fhorter leg was parallel 
to the longer. And this pipe was for greater 
clofenefs, after it was {crewed on carefully, 
faftened with cement to the barrel; and becaufe 
the brafs-pipe could fcarce be made fiall e- 
nqugh, we caufed a fhort, and very flender 
pipe of glafs to be put into the arifice of the 
fhorter leg, and diligently faftened to it with 
clofe cement. Then we caufed the fucker (by 
the help of oyl, water, and moving it up and 
down) to be made to go as {fmoothly as might 
be, without leffening the ftanchnefs of the fy- 
ringe. After this, there was faftened to the 


handle of the rammer a weight, made in the 


form of a ring, or hogp, which by reafon of 

its igure, might be fufpended from the newly 

mentioned handle of the rammer, and hang 

loofe on the outfide of the cylinder, and which 
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both by its figure, and its weight, might even= 
ly and {wiftly enough deprefs the fucker, when 
that being drawn up the weight fhould be let 
go. This fyringe thus furnifhed was fattened 
ta a broad and heavy pedeftal, to keep it in its 
vertical pofture, and to hinder it from tottering, 
notwithitanding the weight that clogged it. 
And befides all thefe things, there was taken 
a feather, which was about two inches Icng, 
and of which there was left at the end a picce 
about tne breadth of a man’s thumb-nail, ‘the 
reft on either fide of the flender ftaJk, if I may 
fa call it, being ftripe off) to cover the hoic 
of the flender glafs-pipe of the fyringze; for 
which purpofe the other extreme of it was 
fo faftened with cement to the lower part of 
the fyringe, (or to ics pedeftal,) that the broad 
endot the feather was placed (as the other fea- 
ther was in the foregoing experiment) juft over 
the little orifice of ,the glafs, at fucha conve- 
nient diftance, that when the fuclzer was a tic 
tle (though but very little) drawn yp and Ics 
go again, the weight would deprefs it fait e- 
nough to blow up the broad part of the feather, 


as high as was permitted by the refiftance of the . 


ftalk, (and that was a good way) the {pring 
of which would prefently reftore the whole 
feather to its former pofition. 

Aut thefe things being done, and the hand!e 
of the rammer being tied to the turning-key 
of a capped receiver, the fyringe and its pede- 
{tal were inclafed in 4 capacious receiver, (for 
none but fuchan onecouldcontain them, and give 
{cope for the rammer’s motions) and the pump 
being fet on work, we did, after fome quan- 
tity of air was drawn out, raife the fucker a lit- 
tle by the help of the turning-key, and then 
turning the fame key thecontrary way, we fuf- 
fered the weight tq deprefs the fucker, that we 
might fee at what rate the feather would be 
blown up; and finding, that it was impelled 
forceably enqugh, we caufed the pumping to 
be fo continued, that a pretty many paufes 
were made, during each of which we raifed 
and depreffed the fucker as before, and had 
the opportunity to obferve, that as the receiver 
was more and more exhautted of the air, fo 
the feather was lefs and lefs brifkly driven up, 
till at length, when the receiver was well emp- 
tied, the ufual elevations and depreffions of the 
fucker would not blow it up at all that I could 
perceive, though they were far more frequently 
repeated than ever before ; nor was I content 
to look heedfully my felf, but I made one, 
whom I had often employed about pneumati- 
cal experiments, to watch attentively, whilft I 
drew up, and Iet down the fucker, but he af- 
firmed, that he could not difcern the leaft be- 
ginning of afcenfion in the feather. And in- 
deed to both of us it feemed, that the little 
and inconfiderable motion, that was fometimes 
(not always) to be difcerned in the feather, 
proceeded not from any thing, that iffued out 
of the pipe, but from fome little fhake, which 
it was difficult not to give the fyringe and pe- 
deftal, by the raifing and depreffing of the 
fucker. 

AND that, which made our phenomen on 
the more configerable, was, that the weight, that 
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carried down the fuclicr being full the fame, 
and the motions of the turning-key being eafy 
to be made equal at feveral times, there teemed 
no reafon to iufnect, that contingencies did 
much (if at all) favour the fuccefs ; but there 
happened a thing, which did manifeftly enough 
distavour it. For I remember, that befo-e 
the fyringe was put into the receiver, when we 
werc trying how the weight would depreis 1t, 
and it was thought, that though the weight 
were conveniently fhaped, yet it was a little of 
the Icaft, I would not alter it, bur foretold, 
that when the air in the cavity of the fyringe 
(that now refilted the quicknefs of its defcent, 
becaufe fo muchair could not eafily and nimbly 
get out at fo {mall a pipe) fhould be exhaufted 
with the other air of the receiver, the elevated 
fucker would fall down more eafily, which he, 
that was employed to manage the fyringe whilft 
I watched the feather, affirmed himfelf after- 
wards to obferve very evidently. Sothat when 
the receiver was exhaufted, if there had been 
in the cavity of the fyringe a matter as fit as 
air to make a wind of, the blaft ought to have 
been greater, becaufe the celerity, that the fucker 
was depreffed with, was fo. 

AFTER we had long enough tried in vain 
to raife the feather, I ordered fome air to be 
let into the receiver; and though when the 
admitted air was but very little, the motions of 
the fucker had fcarce, if at all, any fenfible 
operation upon the feather, yet when the 
quantity of air began to be fomewhat confider- 
able, the feather began to be a little moved 
upwards, and fo by letting in air not all at 
once, but more and more from time to time, 
and by moving the fucker up and down in the 
intervals of thofe times of admiffion, we had 
the opportunity to obferve, that as the receiver 
had more air in it, the feather would be more 
brifkly blown up. 

BuT not content with a fingle trial of an 
experiment of this confequence, we caufed the 
receiver to be again exhaufted, and profecuted 
the trial with the like fuccefs as before, on- 
ly this one circumftance, that we added for 
confirmation, may be fit to be here taken 
notice of. Having, after the receiver was ex- 
haufted, drawn up and let fall the fucker di- 
vers times ineffectually; though hitherto we 
had not ufually raifed it any higher at a time, 
than we could by one turn of the hand, both 
becaufe we could not fo conveniently rife it 
higher by the hand alone, and becaufe we 
thought it unneceffary, fince that height fuf- 
ficed to make the air brifkly tofs up the fea- 
ther; yet ex abundanti we now took an inftru- 
‘ment, that was pretty long, and fit fo to take 
hold on the turning-key, that we could eafily 
raife the fucker between two and three inches, 
by our eftimate, at atime, and nimbly deprefs 
it again; and for allthis, which would much 
have increafed the blaft, if there had been a 


‘matter fit for it in the cavity of the fyringe, 


we could not fenfibly blow up the feather, tll 
we had let a little air into the receiver. 

To be able to make an eftimate of the 
quantity of air pumped out, or let in, when 
the feather was ftrongly or faintly, or not at 


all raifed by the fall of the fucker; we toul: off 
the receiver, and conveyed a gage into it, but 
though for a while we made iome ule of our 
cage, yet a mifchance betalling it before the 
operation was quite ended, I thall forbear to 
add any thing concerning that trial, and pro- 
ceed to fay fomething of another attempt, 
wherein, though [I forefaw and met with fuch 
difficultics, as kept me from doing altogether 
what I defired, yet the fuccefs being almolt as 
good as could be expected, J fhall venture to 
acquaint your lordfhip with the tral, which 
was this. 


InsteaD of the hitherto employed pipe of Se 


brais, there was well faftened, with cement, 


to the fyringe, a pipe of elafs, whofe figure °° 


differed from that of the other in this parti- 
cular, that the fhorter, or remoter, leg of our 
new pipe, after it had for a while been carried 
parallel to the other leg, was bent off fo, that 
above an inch and a half of it tended down- 
wards, that the ortfice of it might be immerfed 
into water, contained in a {mall open jar. 
The defign of which contrivance was, that 
when the receiver fhould be well exhaufted, 
we might, according to what I told your 
lordfhip was at firft defigned, try whether by 
the raifing and depreffing of the fucker any 
fuch matter would be driven out at the nofe of 
the pipe, as would produce bubbles in the in- 
cumbent water, which air (though lighly rare- 
fied, perhaps to fome hundreds of times be- 
yond its wonted dimenfions) is capable of do- 
ing. And J chufe to employ rather water than 
quick-filver, becaufe though by ufing the lat- 
ter, I might hope to be lefs troubled with 
bubbles, yet the ponderoufnefs and opacity of 
it feemed to outweigh that convenience. . 

I need not tell your lordfhip, that in other 
refpects this experiment was made like the for- 
mer; fo that I {hall mention only its peculiari- 
ties, which were, that as the air was pumped 
out of the receiver, that in the glafs pipe made 
its way through the water in bubbles; anda 
little air having once by a fmall leak got in, 
and forced fome of the water out of the jar in- 
to the pipe, when the receiver was again well 
emptied, both that water, and even the little 
quantity of ftagnant water, that was contained 
in the ummerfed part of the pipe, produced fo 
many bubbles of feveral fizes, as quite difturbed 
our obfervations. Wherefore we let alone the 
receiver, exhaufted as it was, for fix or feven 
hours, to give the water time to be freed from 
air; and then caufing what air might have 
{tolen in to be again pumped out, till we had 
perceived by the gage, that the receiver was 
well exhaufted, we caufed the fucker of the 
fyringe; to be raifed and depreffed divers 
times; and though even then a bubble would 
now and then make our obfervations trouble- 
fome, and lefs certain, yet it feemed to us, 
that when we were not thus confounded, we 
fometimes obferved, that the elevation and fall 
of the fucker, though reiterated, did not drive 
out at the pipe any thing, that made any di- 
cernable bubbles in the incumbent water; for 
though there would appear now and then fome 
{mall bubbles on the furface of the water, yet 
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I could not perceive, that the matter that made 
them iffued out at the pipe; and fome of 
them manifeftly proceeded from aerial parti- 
cles, till then Jurking in the water, as I con- 
cluded from the place and time of their rifing. 
But this non-eruption of bubbles at the nole of 
the pipe was not that, which gave me the 
moft of fatisfaction. For at length both I and 
another had the opportunity to obferve the wa- 
ter in the immerfed part of the pipe, which 
was very flender, to be about an inch higher 
than the reft of the ftagnant water, and to ccn- 
tinue at that height or place in the pipe, though 

the fucker were divers times together raifed and 

depreffed, by guefs, between two and three 

inches at a time. Which feemed to argue, 

either that there was a vacuum mn the cavity of 
the fyringe, or elfe, that, if it were full of ether, 

that body was fo fubtle, that the impulfe it 

received from the falling fucker would not 

make it difplace a very little thread (perhaps 

not exceeding a grain in weight) of water, that 

was in the flender pipe, though it appeared by 

the bubbles, that fometimes difclofed them- 

felves in the water, after the receiver had been 

exhaufted, that far more water would be dif- 

placed and carried up by a fmall bubble, con- 

fitting of fuch rarified air, that according to 

my eftimate, the aerial particles of it did not, 

before the pump was begun to be fet on work, 

take up in the water a five-hundredth part of 
the quantity of a pins-head. 

But whilft we were confidering what to do 
further in our trial, a little air, that ftrained in 
at fome fmall undifcoverable leak, drove the 
water into the emptied part of the pipe, and 
put an end for that time to our trial, which 
had been too toilfome to invite us then to re- 
iterate It. , 

J had indeed thoughts of profecuting the en- 
quiry, by dropping from the top of the ex- 
haufted receiver light bodies’ conveniently 
fhaped, to be turned round, or otherwife put 
out of their fimpleft motion of defcent, if they 
met with any refiftance in their fall; and by 
making fuch bodies move horizontally and o- 
therwife in the receiver, as would probably 
difcover, whether they were affifted by the me- 
dium. And other contrivances and ways I had in 
my thoughts, whereby to profecute our enquiry ; 
but wanting time for other experiments, I 


d AIR. 

And one thing more we gained by the trial 
made with water, namely, a clear contrmation 
of what I have delivered in the 34th cxperi- 
ment, about the caufe of the fucticn that is 
made by fyringcs ; for your Lordfhip may re- 
member, that at the clofe of the experiment 
we have all this while been reciting, I obferved, 
that when the external air was fo very well with- 
drawn, the pulling up of the fucker would not 
make the {tagnant water, that the pipe of the 
lyringe was immerfed in, to afcend one inch, 
or fo much as the tenth part of It. 


EXPERIMENT XL. 


About the falling, in the exbaufted receiver, of 
alight body, fitted to have its motion vifibly 
varied bya fimall refiftance of the air. 


ARTLY to try, whether in the fpace de- 
ferted by the air, drawn out of our re- 
ceivers, there would be any thing more fit to 
refift the motion of other light bodies through 
it, than in the former experiment we found it 
to impel them into motion ; and partly for a- 
nother purpofe to be mentioned by and Ly, we 
made the following trials. 

We took a receiver; which, though leis tall 
than we would have had, was the longeft we 
could procure: and that we might be able, 
not fo properly to let down, as to let full 
a body in it, we fo faftened a {mall pair of 
tobacco-tongs to the infide of the recciver’s 
brafs-cover, that by moving the turning-key, 
we might by a ftring tied to one part of them 
open the tongs, which elfe their own fpring 
would keep fhut. This being done, the next 
thing was to provide a body, which would not 
fall down like a ftone, or another dead weight, 
through the air, but would in the manner of 
its defcent fhew, that its motion was fomewhat 
refifted by the air. Wherefore that we might 
have a body, that would be turned about hori- 
zontally, as it were, in its fall, we thought fit 
to join crofs-wife four broad and light feathers 
(each about an inch long) at their quills with a 
little cement, into which we alfo ftuck perpen- 
dicularly a {mall label of paper, about an 8th 
of an inchin breadth, and fomewhat more in 
height, by which the tongues might take hold 
of our light inftrument without touching the. 
cement, which elfe might {tick to them. 
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By the help of this fmall piece of paper, See Plate 


could not fpare fo much as was neceflary to ex- y the ul f 
the little inftrument, of which it made a part, VU. Fig, 


hauft large receivers fo diligently, as fuch nice 


pp. 


trials would exaét ; and therefore I refolved to 
defift, till I had more leifure than I then had, 
or have fince been matter of. 

In the interim, thus much we feem to 
have already difcovered by our patt trials, that 
if when our veffels are very diligently freed 
from air, they are full of ether, that ether ts 
fuch a body, as will not be made fenfibly to 
move a light feather by fuch an impulfe as 
would make the air manifeftly move it, not 
only whilft it is no thinner than common arr, 
but when it is very highly rarefied, (which, if 
Imiftake not, it was in our experiment fo much, 
as to be brought to take up above an hundred 
times more room than before). 


was fo taken hold of by the tongs, that it hung 
as horizontal as fuch a thing could well be 
placed : and then the receiver being cemented 
on to the engine, the pump was diligently 
plied, till it appeared by a gage, which had 
been conveyed in, that the receiver had been 
carefully exhaufted : laftly, our eyes being at- 
tentively fixed upon the connected feathers, 
the tongs were by the help of the turning-key 
opened, and the little inftrument let fall, which, 
though in the air it had made fome turns in its 
defcent from the fame height, which it now fell 
from, yet now it defcended like a dead weight, 
without being perceived by any of us to make 


fo much as one turn, ora part of it : notwith- 
ftanding 
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ftanding which I did, for greater fecurity, caufe 
the receiver to be taken off, and put on again, 
after the feathers were taken hold of by the 
tongs; whence being let fallin the receiver un- 
exhautted, they made fome turns in their def- 
cent, as they allo did being a fecond time let 
fall after che fame manner. 


But when after this, the feathers being 


placed as betore, we repeated the experiment 
by carefully pumping out the air, neither I 
nor any of the by-itanders could perceive any 
thing of turning in the defcent of the feathers ; 
and yet for further fecurity we let them -fall 
twice more in the unexhaufted receiver, and 
found them to turnin falling as before ; where- 
as when we did a third time let them fallin the 
well exhaufted receiver, they fellafter the fame 
manner as they had done formerly, when the 
air, that would by its refiftance have turned 
them round, was removed out of their way. 

N.B. 1. THoucu, as I intimated above, 
the glais, wherein this experiment was made, 
were nothing near fo tall as 1 would have had 
it, yet it was taller than any of our ordinary re- 
ceivers, it beirtg in height about 22 inches. 

2. One, that had had more leifureand con- 
veniency, might have made a more commo- 
dious inftrument than that we made ufe of: for 
being accidentally vifited by that fagacious ma- 
thematician, Dr. ¥en, and fpeaking to him 
of this matter, he was pleafed with great dex- 
terity as well as readinefs to make me a little 
inftrument of paper, on which, when it was 
let fall, the refiftance of the air had fo mani- 
feft an operation, that I fhould have made ufe 
of it in our experiment, had it not been cafual- 
ly loft, when the ingenious maker was gone 
out of thefe parts. 

3. THoucu I have but briefly related our 
having fo ordered: the matter, _that we could 
conveniently let fall a body in the receiver 
when very well exhaufted ; yet to contrive and 
put in practice what was neceffary to perform 
this, was not fo very eafy, and it would be 
dificult to defcribe it circumftantially without 
very many words; for which reafon I forbear 
an account, that would prove too tedious to us 
both. | 

4. WuatT has been hitherto related, was 
done in profecution of but one of the two de- 
fions J aimed at in the foregoing contrivance, 
by which I intended, if I could have procured 
a receiver tall enough, to try whether bodies 
(fome very light, and fome heavier) being let 
fall, when the air was very diligently pumped 
out, would not defcend fomewhat fafter than 
if the receiver were full of air. But though I 
had provided a pendulum, that vibrated quar- 
ters of feconds, yet the glafs being no higher 
than it was, the defcent even of our feathers 
took up fo little time, that even this pendulum 
was of no ufe; only it feemed to all cf us, that 
were prefent at making the above recited trials, 
that when the feathers were let fall at fuch 
times as the air, that would have turned them 
round in their defcent, was removed, -they 
came to the bottom fenfibly fooner than at 
cther times. But when we fhall have oppor- 
tunity to repeat the experiment in taller glailes, 


and to make fome vanation of it, I hope to be 
able to give your lordfhip a fuller fatisfa€tion 
about this particular. And in the mean while 
I fhaJl forbear to examine, whether the air 
might fomewhat retard the defcent of the fea- 
thers upon jome other account, or meerly up- 
on that of its being a medium not quite devoid 
of gravity. 


ANNOTATIONS. 


1, But here I muft be fo fincere as to in- 
form your lordfhip, that this fostieth experi- 
ment icemed not to prove fo much as did the 
foregoing made with the fyringe: for being 
fulpicious, that, to make the feathered body a- 
bove-mentioned turn in its fall, there would 
need a refiftance not altogether inconfiderable, 
I caufed the experiment to be repeated, when 
the receiver was by our eftimate, which was 
not made at random neither, little or nothing 
more than half exhaufted, and yet the remain- 
ing air was too far rarefied to make the falling 
body manifeftly turn. 

2. AND yet perchance it would have hap- 
pened otherwife, if the receiver had been tall 
enough; which though I had not then leifure 
and conveniency to make it, yet it will not be 
amaifs to let your lordfhip know by what means 
we did, that it might be fomewhat fit to make 
the recited experiment and fome others, bring 
it to the height it had, which did confiderably 
exceed that of the talleft olafs we could then 
procure. 

To lengthen our receiver therefore, we 
thought fit to try, whether we could not clof 
enough faften to the bottom of it with very 
good cement a cylindrical pipe of laton, whofe 
upper orifice fhould have near the fame breadth 
with the bottom of the glafs. And though 
this contrivance feemed liable to a couple of 
not mean difficul.es ; the one, that the laton 
being every where bended, and in fome places 
neceflary to be foddered, it would be very 
hard, as indeed we found it, to avoid fome 
{mall cracks and leaks; and the other, that if 
the metalline pipe were wide enough, fo great 
and heavy a pillar of the atmofphere would 
come to bear againft it, as to prefs it inwards, 
if not alfo to break it; yet we hoped we fhould 
be able to obviate both of thefe inconveni- 
encies, Againft the firft of which our remedy. 
was, to coat over very carefully the whole 
pipe with the fame clofe cement, wherewith 
we faftened it to the glafs receiver. And 
again{t the fecond, we provided a little frame, 
confiiting of divers fmall iron bars faftened to- 
gether ; which frame (though it were not too 
wide to go into the cylinder of laton, yet it) 
was wide enough to be fo near it on the infide, 
that (though the weight of the atmofphere 
fhould, as we feared, prefs the laton {0 as to 
make it yield inward, yet) it could make it 
bend no. further than the iron-frame would per- 
mit ; which was not far enough to {poil either 
the receiver or the experiment. And this not 
unpleafant phzenomenon would fomewhat fur- 
prife unaccuftomed fpectators, that when after 
the receiver had been very well exhaufted, the 
external air was permitted to return, there 
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would be heard during fome time, from the 


metalline part of the receiver, divers founds 


brifk enough, which would make an odd 
cracking noife proceeding from the lattin-plate, 
which having been forceably, though but 
flowly, bent inwards by the predominant pref- 
fure of the atmofphere, was now affifted: by the 
preffure of the returning air, to regain its for- 
mer figure. And as I thought not fit to omit 
this circumftance, becaufe it confirms the prac- 
ticablenefs of the remedy propofed againft the 
fecond inconvenience ; fo I thought fit to men- 
tion this way of enlarging and- heightening: re- 
ceivers, becaufe what we have related feems 
to give grounds of hoping, that this contrivance 
may be made good ufe of in divers other trials, 
and particularly in attempts. to make receivers 
capacious enough to contain larger animals, 
and perhaps even a boy, ora man. In order 
to fome of which purpofes we endeavoured to 
get an improvement made of our metalline cy- 
finder by additional contrivances; but could 
not, where we then were, get artificers, that 
would perform what was directed. 


EXPERIMENT XLLI 
About the propagation of founds in the exbaufted 


7ecezver. 


‘O make forme further obfervation than is 
aa mentioned in the * publifhed exper- 
ments, about the production and conveying of 
founds in a glafs whence the air is drawn out, 
we employed a contrivance, of which, becaufe 
we make ufe of it in divers other experiments, 
it will be requifite to give your lordthip here 
fome fhort defcription. 

We caufed to be made at the turner’s acy- 
linder of box, or the like clofe and firm wood, 
and of a length fuitable to that of the receiver 
it was to be employed in. Out of the lower 
bafis of this cylinder (which might be about 
an inch and a half in diameter) there came a 
fmaller cylinder or axle-tree, not a quarter fo 
thick as the other, and lefs than an inch long: 
this was turned very true, that it might move 
to and fro; or, as the tradefmen call it, ride, 
very fmoothly in a little ferrule or ring of brafs, 
that was by the fame turner made for it in the 
midit of the fixed trencher, (as we call a piece 
of folid wood, fhaped like a mill-ftone) being 
four or five inches, more or lefs, according to 
the widenefs of the receiver, in breadth, and 
between one and two in thicknefs; and in a 
large and round groove, or gutter, purpofely 
made in the lower part of this trencher, I caufed 
as much lead as would fillit up, to be placed 
and faftened, that it might keep the trencher 
from being eafily moved out of its place or 
pofture, and in the upper part of this trencher 
it was intended, that holes fhould be made at 
fuch places as fhould be thought fit, to place 
bodies at feveral diftances as occafton fhould 
require. ‘The upper bafis of the cylinder had 
alfo coming out of the midft of it another axle- 
tree, but wider than than the former, that, 
into a cavity made in it, it might receive the 


lower end of the turning-key divers times al- 
Vou. Il. 


ready mentioned, to which it was to be faftened 
by a flender peg of brafs, thruft through two 
correfpondent holes, the one made in the key, 
and the other im the newly mentioned: focker, 
if I may fo call it, cf the axle-tree. Befides all 
which, there were divers horizontal perfora- 
tions bored here-and there in: the pillar - itfelf: 
to which this axis belonged, which pillar we 
fhall, to avoid ambiguity, call the verticle cy~ 
Inder. The general ufe of this contrivance 
(whofe other parts need not to be mentioned be- 
fore the experiments where they are imployed? 
is, that the end of the turning-key being put 
into the foeker, and the lower axis of the ver= 
ticle cylinder into the treneher, by the motion 
of the key a bedy faftened at one of the holes 
to the cylinder may be approached to, or re- 
moved from, or made to rub or ftrike againft 
another bedy faftened in a convenient pofture 
to the upper part of the trencher. 
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‘Fo come now to our trial about founds, we See the . 


caufed a hand-bell (whofe handle and clapper se ale a 
were taken away) to be faftened to a ftrong — 


wire, that; one end of the wire being made faft 
m the trencher; the other end, which was pur- 
pofely bent downwards, took hold of the bell! 
In another hole, made in the circumference of 
the fame trencher; was wedged in (with a 
wooden peg) a fteel-fpring, to whofe upper 
part was tied a gad of iron or fteel, lefS than 
an ich long, but of a pretty thicknefs. The 
length of this fpring was fuch, as to make the 
upper part of the hammer (if I may fo call the 
piece of iron) of the fame height with the bell, 
and the diftance of the fpring from the bell 
was fuch, that when it was forced back the 
other way, tt might at its return make the 
hammer ftrike brifkly upon the outfide of the 
bell. 

Tre trencher being thus furnifhed and 
placed in a capped receiver, (as you know, 
for brevity fake, we ufe to call one, that is fitted 
with one or other of the brafs covers, often 
mentioned already,) the air was diligently 


pumped out; and then, by the help of the 


, turning-key, the vertical cylinder was made to 


go round, by which means as often as either of 
a couple of {tiff wires, or fmall pegs, that were 
faftened at right angles into holes, made not 
far from the bottom of the cylinder, paffed 
(under the bell, and) by the lately mentioned 
{pring ; they forceably did in their paflage 
bend it from the bell, by which means, as 
foon as the wire was gone by, and the {pring 
ceafed to be preffed, it would fly back with 
violence, enough to make the hammer give a 
{mart ftroak upon the bell. And by this means 
we could both continue the experiment at dif- 
cretion, and make the percuffions more equally 
ftrong, than it would otherwife have been ealy 
to do. 
Tue event of our trial was; that, when the 
receiver was well emptied, it fometimes feemed 
doubtful, efpecially to fome of the by-{tanders, 
whether any found were produced or no; but 
to me for the moft part it feemed, that after 
much attention I heard a found, that I could 
but juft hear; and yet, which is odd, me- 
Pp thought 
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thought it had fomewhat of the nature of 
fhrilnefs in it, but feemed (which ts not ftrange) 
to come from a good way off. Whether the 
often turning of the cylindrical key kept the 
receivir from being fo ftaunch as elfe it would 
have been, upon which fcore fome Ittle air 
might infinuate itfelf, I fhall not pofitively de- 
termine: but to difcover what istereft the 
prefence or the abfence of the air might have 
in the loudnefs or lownefs of the found, I 
caufed the air to be let into the receiver, not 
all at once, but at feveral times, with competent 
intervals between them; by which expedient it 
was eafy to obferve, that the vertical cylinder 
being {till made to go round, when a little air 
was let in, the ftroak of the hammer upon the 
bell (that before could now and then not be 
heard, and for the moft part be but very 
{carcely heard) began to be eafily heard. And 
when a little more air was let in, the found 
grew more and more audible, and {fo increafed, 
until the receiver was again replenifhed with 
air; though even then (that we omit not that 
phenomenon) the found was obferved to be 
much lefs loud, than when the receiver was not 
interpofed between the bell and the ear. 

And whereas in the already publifhed phy- 
fico-mechanical experiments, I acquainted your 
lordfhip with what 1 obferved about the found 
of an ordinary watch in the exhaufted receiver, 
I fhall now add, that that experiment was re- 
peated not long fince, with the addition of 
{ufpending in the receiver a watch, with a good 
alarum, which was purpofely fo fet, that it 
might, before it fhould begin to ring, give us 
time to cement on the receiver very carefully, 
exhauft it very diligently, and fettle ourfelves 
in a filent and attentive pofture. And to make 
this experiment in fome refpect more accurate 
than the others we made of founds, we fecured 
ourfelves againft any leaking at the top, by 1m- 
ploying a receiver, that was made all of one 
piece of glafs, (and confequently had no cover 
cemented on to it,) being furnifhed only with- 
in (when it was firft blown) with a glafs-knob 
or button, to which a ftring might be tied. 
And becaufe it might be fufpected, that if the 
watch were fufpended by its own filver chain, 
the tremulous motion of its founding bell might 
be propagated by that metalline chain to the 
upper part of the glafs; to obviate this as well 
as we could, we hung the watch, not by its 
chain, but a very flender thread, whofe upper 
end was faftened to the newly mentioned glafs- 
button. 

Tuese things being done, and the air being 
carefully pumped out, we filently expected the 
time, when the alarum fhould begin to ring, 
which it was eafy to know by the help of our 
other watches; but not hearing any noife fo 
foon as we expected, it would perhaps have 
been doubted, whether the watch continued 
going, if for prevention we had not ordered 
the matter fo, that we could difcern it did not 
ftand ftill, Wherefore I defired an ingenious 
gentleman to held his ear juft over the button, 
at which the watch was fufpended, and to hold 
it alfo very near to the receiver; upon which 
he told us, that he could perceive, and but juft 


perceive fomething of found, that feerned to 
come from far; though neither we.that liftened 
very attentively near other parts of the re- 
ceiver, nor he, if his ears were no more ad- 
vantaged in point of pofition than ours, were 
fatished, that we heard the watch at all. Where- 
fore ordering fome air to be let in, we did by 
the help of attention begin to hear the alarum; 
whofe found was odd enough, and, by return- 
ing the {top cock to keep any more air from 
getting in, we kept the found thus low for a 
pretty while, after which a little more air, 
that was permitted to enter, made it become 
more audible ; and when the air was yet more 
freely admitted, the by-ftanders could plainly 
hear the noife of the yet continuing alarum at a 
confiderable diftance from the receiver. 

From what has hitherto been related, we 
may learn what is to be thought of what is de- 
livered by the learned Mer fennus, in that book 
of his Harmonicks, where he makes this to be 
the firft propofition. Sonus a campanis, vel 
altis corporibus non folum producitur in illo 
vacuo (quicquid tandem illud fit,) quod fit in tu- 
bis bydrargyro plenis, pofteaque depletis, fed 
etiam idem acumen, quod in aere libero vel claufo 
penitus obfervatur €&F auditur, For the proof 
of which affertion, not long after, he fpeaks 
thus: porro variis tubis, quorum extremis lagene 
vitree adglutinantur, obfervari campanas. in illa 
vacuo appenfas propriifque malleis percuffas idem 
penitus acumen retinere, quod in aere libero ha- 
bent : atque foni magnitudinem ei fono, qui fit in 
aere quem tubus claufus includit, nibil cedere. 
But though our experiments fufficiently manifeft, 
that the prefence or abfence of the common air 
is of no {mall importance as to the conveying 
of founds, and that the interpofition of glafs 
may fenfibly weaken them; yet fo diligent and 
faithful a writer as Merfennus deferves to be 
favourably treated: and therefore I fhall repre- 
fent on his behalf, that what he fays may well 
enough have been true, as far as could be ga- 
thered from the trials he made. For firft, it 
is no eafy matter, efpecially for thofe that have 
not peculiar and very clofe cements, to keep 
the air quite out for any confiderable time in. 
veffels confifting of divers pieces, fuch as he 
appears to have made ufe of. And next, the 
bignefs of the bell in reference to the capacity 
of the exhaufted glafs, and the thicknefs of the 
glafs, and the manner whereby the bell was 
faftened to the infide of the glafs, and the 
hammer or clapper was made to ftrike, may 
much vary the effect of the trial, for reafons 
eafy to be gathered out of the paft difcourfe, 
and therefore not needful to be here infifted on. 
And upon this account we chofe to make our 
experiment, with founds that fhould not be 
ftrong or loud, and to produce them after fuch 
a manner, as that as little fhaking as could be 
might be given by the founding body to the 
glafs it was included in. The propofal made 
by the fame Mer/ennus, to have thofe, that have 
induftry enough, try whether a bag-pipe will 
be made to afford the fame found as in the open 
air, in fuch veffels as he ufed for his bells, 
though he teems to think it would fucceed, is 


that which your lordfhip will not, I prefume, 
2 follicite 
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follicit me to make trial of, 1f you remember 
what is related in the almoft immediately fore- 
going experiments, fhewing, that we could 
make nothing come out of the cavity of a pair 
of bellows, that had force enough to blow away 
a feather; when that cavity was freed from air ; 
as the bagpipe would be by the fame operation, 
that empties the glafs that contains it, or elfe 
the found would not be made in fuch a vacuum 
as the {cope of the experiment requires. 

Ir I had had conveniency, I would have 
made fome trials by conveying a {mall ftringed 
inftrument (perhaps fome fuch as they com- 
monly call a kit) exactly tuned, into a large 
receiver, and then upon brifkly ftnking the 
{tring of a bigger inftrument, (tuned, as they 
fpeak, to an unifon to (or with) that of the 
{maller inftrument) I fhould have taken notice; 
whether the found would have been fo uni- 
formly propagated; notwithftanding the inter- 
pofition of the glafs receiver, .as fenfibly to 
fhake the included ftring ; in order to the dif- 
cerning of which, a bended piece of f{traw, or 
feather, or fome fuch light body, was to be 
horfed upon the ftring to be fhaken. I alfo 
intended, in cafe the ftring were made to 
move, to make the like trial after the receiver 
was diligently exhaufted. And laftly.I de- 
figned to try; whether two unifon ftrings of 
the fame inftruments, or of a couple to be 
placed in the fame receiver, would, when the 
air (which is the ufual medium of founds) was 
well pumped out, yet maintain fuch a fympa- 
thy, as itis called, that upon the motion of the 
one, the other would alfo be made to ftir: 
which trials may be varied, by employing for 
the external inftrument another inftead of a 
{tringed one. . . 

AnD becaufe contraries, as is vulgarly noted, 
ferve to illuftrate each other, I thought to fub- 
join, to the trials above related about the 
propagation of founds in a thinner medium 
than the air, fome obfervations about the con- 
veyance of them through that thicker medium, 
water : but having unluckily miflaid my notes 
upon that fubject, I cannot at prefent acquaint 
your lordfhip with what I intended, but muft 
defer the doing it, till I fhall have recovered 
them. 


EXPERIMENT XLILE 


About the breaking of a glafs-drop in an ex- 
baufted receiver. 


OU know, that among the caufes, that 
have been propofed of the ftrange flying 

of a glafs-drop into a multitude of pieces, 
when the flender {tem of it comes to be broken 
off, one of the leaft improbable was taken from 
the preffure of the air: as if that within the 
porous, (and as it were honey-combed) infide of 
the glafs, being highly rarefied when the drop 
_of melted glafs fell into the water at its firft for- 
mation, it was forced to continue in that pre- 
ternatural ftate of expanfion by the hardnefs 
and clofenefs of the external cafe of glafs, that 
inclofed the pith-like part (if I may fo call it;) 
fo that uponthe breaking off a part of this folid 
cafe at the ftem, the external air gaining accefs, 


and finding in the foungy part very little re- 
fiftance from the highly rarefied and confe- 
quently weakened air included there, rufhes in 
with fuch violence, as to fhiver the glafs-drop 
into a multitude of pieces. 

¥ fhail not now trouble your lordfhip with 
the mention of what may be alledged to quef- 
tion this hypothefis, efpecially if it be com- 
pared with that accurate account of the phz- 
nomena of fuch glafs-drops, which was fome- 
times fince prefented to the fociety by that 
great otnament of it, Sir Robert Moray. But 
I fhall only fay in this place, that when I con- 


fidered, that if the diffilition of the glafs would © 


fycceed, when the air was. pumped out of it, it 
would be hard to afcribe that effect to the erup- 
tion of the external air; I thoughre fit to try 
what would happen, if a glafs-drop were broken 
in our exhaufted receiver, And accordingly 
did, though not without fome difficulty, fo or- 
der the matter, that the blunter part of the glafs- 
drop was faftened to a ftable body (conveyed 
into the receiver, ) and the crooked ftem was 
tied to one end of a ftring; whofe other end 
was faftened to the turning-key; by which 
means, when the air had been diligently pump- 
ed out, the ftem was (by fhortning the ftring) 
broken off, and the glafs-drop was fhattered 
into a thoufand pieces. — 

This experiment was long after repeated 
with the like fuccefs ; and having at that time 
no gage to try, how far the air had been drawn 
out, we let the external air impell up the water 
out of the pump into the receiver, and thereby 
found, that that veffel had not been negligent- 
ly exhautted. 


EXPERIMENT XLIL 
About the produtiion of Light in the exbaufted 


Receiver. 


Prefume, I need not put your lordfhip in 

mind, that divers attempts were made to 
try, whether either a flame, or kindled coals 
would be made to continue for fometime burn- 
ing in our receiver. But thofe trials making it 
evident, that it would be either impoffible, or 
very difficult to produce any durable light, 
without the prefence of the atr, by the burning: 
of bodies; [I thought it not amifs, confidering 
the noblenefs of light, to make trial, whether 
it might be otherwife produced in our exhaufted 
receiver ; fince whether or no the attempts 
fhould prove fuccefsful; the event would pro- 
bably be inftructive. For as it 1s the property 
of light, when it is produced, to be difcove- 
rable by it felf; fo in fucha trial as we intended, 
it would teach fomething: concerning light, to 


.find that the abfence of the air would or would 


not hinder it from being: produced. In profe- 
cution of this defign, knowing that hard fu- 
gar, being: nimbly fcraped with a knife, will 
afford a fparkling light, fo that now and then 
one would think that fparks of fire fly from it; 
we caufed a good lump of hard loaf-fugar to be 
conveniently and firmly placed in the cavity of 
our capped receiver, and to the vertical cylin- 
der forementioned we caufed to be faftened fome 
pieces of a fteel-fpring, which being not et 

thick, 
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thick, might in their paffage along the fugar, 
grate, or rub forceably againft it, and then 
the receiver being diligently exhaufted in the 
night-time, andin adark room, the vertical 
cylinder (whofe lower axis was inferted into 
the often mentioned trencher) was made for a 
pretty while to move round by the help of the 
turning-key, managed by a hand fteady and 
ftrong enough. By which means the irons, that 
came out of the vertical cylinder, making in 
their paffage vigorous impreffions upon the fu- 
gar, that ftood fomewhat in their way, there 
were manifeftly produced a good number of 
little flafhes, and fometimes too, though not 
frequently, there feemed to be ftruck off little 
fparks of fire. 


EXPERIMENT XLIV. 


About the produttion of a kind of halo and co- 
lours in the the exbaufted receiver. 


FE took a large inverted cucurbite for a 
receiver, which being fo well wiped 

both within and without as to be very clear, 
allowed me to obferve, and to make others do 
fu too, that when the pump began to be feta 
work, if I caufed a pretty large candle to be 
held on the other fide of the glafs, upon the 
turning of the ftop-cock to let the air out of 
the receiver into the cylinder, the glafs would 
feem to be full of fumes, and there would ap- 
pear about the flame of the candle, feen through 
them, a kind of halo, that at firft commonly 
was between blue and green, and after fome 
fucks would be of a reddifh or orange colour, 
and both very vivid. The production of this 
meteor, if I may fo call it, was, according to 
my conjecture, made on fome fuch fcore as 
this. That the cement being fomewhat foft 
and new, as is convenient for this experiment, 
abounds with turpentine; and having a little, 
as well to faften on the receiver, as for the 
other purpofe, applied to 1t a hot iron, where- 
by the cement was both foftened and heated, 
it feemed rational to expect, that upon the 
withdrawing of the air in the receiver, the aeri- 
al particles in the cement, freed from their 
former preffure, would extricate themfelves, 
and with the loofer fteams of the turpentine,and 
perhaps of the bees-wax, would with a kind of 
explofion expand themfelves in the receiver, 
and by their interpofition between the light 
and the eye exhibit thofe delightful colours we 
had feen. To confirm which, I afterwards 
found, that by watchfully obferving it, I could 
plainly enough perceive the colouring fteams, 
juft upon the turning of the ftopcock, to fly 
up from the cement towards the top of the 
glafs; and if we continued pumping, the re- 
ceiver would grow clearer, and the colours 
more dilute, till we had occafion to put on the 
receiver, and heat the cement afrefh: of which 
the reafon might be, partly that the aerial and 
volatile particles of the upper part of the ce- 
ment did in that tract of time fpend themfelves 
more and more; and partly, becaufe the agi- 
tation they received from the heat communi- 
cated by the iron did continually decay. Not 
to mention, that when the receiver is more 
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exhauited, the want of air makes it-more diffi- 
cult for {teams to be fupported, and, as it were, 
{wim up and down in it. 

For farther confirmation, I caufed fome 
cement to be put into a {mall crucible, warm 
enough to melt it; and conveying this into a 
clear receiver of a convenient fhape and fize, I 
caufed the pump to be fet a work; where- 
upon it appeared manifeftly enough, that upon 
the opening of the ftop-cock to let out the 
air, the {teams would copioufly be thrown 
about from the crucible into the capacity of the 
receiver, and would, after having a little play- 
ed there, fall down again. But in thefe appa- 
ritions the vividnefs, and fometimes the kind 
of the exhibited colours feemed much to de- 
pend upon divers circumftances, fuch as the 
degrecs of heat, the bignefs and fhape of the 
receiver, the quantity of air that yet remained 
unpumped out, and the nature of the cement 
itfelf; which laft particular I the rather men- 
tion, becaufe, though I were hindered from 
doing it, I had thoughts to try a fufpicion I 
had, that by varying the materials expofed 
to this kind of operation, fome pretty variety 
might be made in the phenomena of the ex- 
periment. 

WHETHER or no the apparition or white- 
nefs, or light, that we fometimes happened 
to take notice of divers years ago, and have 
mentioned in the already publifhed part of our 
Phyfico-mechanical Experiments, may be partly 
(though not entirely) referred to fome of the 
cements I then employed, differing from thofe 
I now ufe moft, and to the unheeded temper 
of thofe cements, as to warmth, and degreeg 
of foftnefs, is a doubt, that further obfervation 
may poflibly enable us to determine. 


EXPERIMENT XLV. 


About the produftion of heat by attrition in the 
exhaufted receiver. 


HE opinion, that afcribes the incalefcence 

of folid bodies, ftruck or rubbed hard 
againft one another, to the attrition or vehe- 
ment agitation of the intercepted air, is fa- 
mous and received enough to feem worthy of 
a particular examination. But I confefs to 
your lordfhip, that it was not any thing re- 
lating to this opinion, that chiefly induced me 
to make the experiment I am now about to 
give an account of; for I thought it might 
be ufeful to more purpofes than one, to be able 
to produce by attrition a fomewhat durable 
heat, even in our exhaufted receiver: and 
therefore, though it were to forefee, that it 
would prove no eafy tafk, yet we thought 
fit to attempt it fpight of the difficulties met 
with at our firft trials, In what way and with 
what fuccefs we afterwards made this attempt, 
I now proceed to relate, 


_ Cross the ftable trencher, formerly men- gee Plate * 
tioned, there was faftened a pretty ftrong IV.Fig.3. 


{pring of fteel or iron, fhaped almoft like the 
lath of a crofs-bow ; and to the midft of this 
{pring was ftrongly faftened on the outfide, a 
round piece of brafs hollowed almoft like a 
eoneave burning-glats, or one of thofe tools, 

2 wherein 
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wherein they ufe to grind eye-glaffes for tele- 
{fcopes. To this piece of brafs, which was not 
confiderably thick, nor above two inches dia- 
meter, was fitted a convex piece of the fame 
metal, almoft like a gage for a tool to grind 
glaffes in, which had belonging to it a fquare 
handle, whereinto as into a focket was inferted 
a fquare piece of wood, proceeding from the 
bafis of a fquare wooden pillar, which we made 
ufe of on this occafion inftead of our vertical 
cylinder. By the help of another piece of 
wood, coming from the other bafis of the 
fame pillar, the turning-key was joined to this 
pillar, which was made of fucha length, that 
when the turning-key was forceably kept down 
as low as the brafs cover, it was a part of, 
would permit, the convex piece of metal late- 
ly defcribed did deprefs the concave piece a 
pretty way, notwithftanding a vigorous re- 
fiftance of the fubjacent fpring. 

BesrDes thee things, a little fine powder 
of emery was put between the convex and con- 
cave pieces of brafs, to make them more con- 
gruous, and facilitate the motion that was to 
be made ; and there was faftened to the upper 
part of the turning-key a good wimble, with- 
out which we prefumed the turning of the key 
would not produce a fuficient motion; in or- 
der to the making of which, it was, after the 
firt trial, judged requifite to have a ftrong 
man, that was ufed to exercife his hands and 
arms in mechanical labours, upon which ac- 
count we fent for a certain lockimith, that was 
a lufty and dexterous fellow. 

Aut things, that were thought neceffary, be- 
ing thus in readinefs, and a mercurial gage be- 
ing conveyed into the recetver, we caufed the 
air to be diligently pumped out ; and then the 
{mith was ordered to turn the wimble, and to 
continuc to lean a little on it, that he might 
be fure to keep the turning-kcy from being at 
all lifted up by the former mentioned fpring. 

Warerxst this man with much nimblencfs 
and ftrength was moving the wimble, I watched 
the gage, to obferve, whether the agitation of 
the ftop-cock, and confequently the cngine, 
did not prejudice the experiment; and for 
greater caution I caufed the pump to be almoft 
all the while kept at work, though that feemed 
not fo neceflary. 

Wen the turner of the wimble was almoft 
out of breath, we Ict in for hafte the air at the 
cover of the receiver, by lifting up the turning- 
key ; and nimbly removing the recetver, we 
felt the pieces of brafs, betwixt whom the at- 
trition had been made, and, as we expected, 
found both of them very fenfibly warm. 

But being willing to confirm the experi- 
ment by afecond trial, which we hoped might, 
atier the experience taught us by the firft, be 
f{umewhat bettcr performed, we caufed the 
fmith, after he had well refrefhed himfelf with 
reft and drink, to lay hold of the wimble again, 
when the gage made it appear, that the receiver 

was well exhaufted, fo that by further pump- 
ing the quick-filver feemed not to be further 
deprefid. And in this fecond trial the nimble 
{mith played his part fo well, the pump in the 

Vou. Hi. 


mean while not being neglected, that when 
we did as before haftily let in the air, and take 
out the bodies, that had been rubbed againft 
one another, they were both of them, efpecial- 
ly the uppermoft, fo hot, that I could not en- 
dure to hold my hand on either of them, and 
they did for a confiderable time retain a not in- 
confiderable degree of warmth. 

THE fame day I caufed to be made at the 
turncrs two bodies of wood, for fize and fhape 
hike thofe of brafs we had juft before employed ; 
the upper of thefe was of hard oak, the other 
of beach, fuch a difference between woods, to 
be heated by mutual attrition, being thought 
to bean advantageous circumftance. But though 
the wimble was fwiftly turned as before, and 
that by the fame perfon, neverthelefs :he wood 
feemed not to me, (for all the by-ftanders were 
not of my opinion) to have manifeftly acquired 
any warmth; and yet that there had been a 
confiderable attrition, appeared by the great 
polifh, which part of the wood had evidently 
acquired, which made me fufpect, that though 
the wood feemed dry enough, yet it might not 
really be fo, notwithftanding the contrary was 
affirmed to me. But not being willing to fit 
down with a fingle trial, I caufed the experi- 
ment to be repeated with more obftinacy than 
before ; the effect of which was, that the wood, 
efpecially the upper piece of it, was brought 
to a warmth unqueftionably fenfible. 


EXPERIMENT XLVI. 


About the flacking of quick-lime in the exbaufted 
receiver. 


HE feveral fcopes I aimed at in making 

the following tria] are not neceffary to 
be here particularly taken notice of. But one 
of them may be gueffed at by the fubfequence 
of this experiment to that immediately forego- 
ing, and the phznomena of it may be men- 
tioned in this epiftle, upon the account of their 
being exhibited by our engine. 

We took in an evaporating glafs a conve- 
nient quantity of water, and having conveyed 
it into a receiver, and well drawn out the air, 
we let down into it by the turning-key a lump 
of {trong lime, about the bignefs of a pippin; 
and obferved not, that at the firft immerfion, 
nor for fome while after, there appeared any 
confiderable number of bubbles ; but within a- 
bout of an hour, as I gueffed it, the lime 
egan (the pump having been and being ftill 
plied from time to time) to flack with much 
violence, and with bubbles wonderfully great, 
that appeared at each new exfuction, fo that 
the infide of the receiver, though pretty large, 
was at length lined with lime-water, and a 
great part of the mixture did from time to 
time overflow the veffel, that had purpofely 
been but little filled; nor did any thing bur 
our wearinefs put a period to the bubbling of 
the mixture, whofe heat was fenfible, even on 
the outfide of the receiver, and which contr 
nued confiderably hot in the evaporating glafs 
for 1 of an hour, as I conjectured, after the 
recelver was removed. 

N.E.- 
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Note. TuHat the lime employed about this 
experiment, was cf a very good and {trong 
kind, made of hard ftones, and not fuch lime, 
mide of chalk, as is commonly ufed at Londov, 
which probably would not have been ftrong 
enough to have afforded us the fame phzaeno- 
mienon. 


EXPERIMENT XLVUO. 


About an attempt wade to ricafure the force of 
the fpring of included air, and examine a con- 
jecture about the difference of its firength in 
unequally broad mouth'd veffels. 


HOUGH feveral of the foregoing trials 
| have fufficiently manifefted, that the 
fpring of the air in its natural or wonted ftate 
hath a force very confiderable, and indeed 
much greater than men ieem to have hitherto 
believed; yet I couid not hope by any of thefe 
experiments to determine by any known weight, 
how great that force is, fo as to conclude, that 
it is equivalent to fuch a weight, as fo many 
pounds, ounces, &c. and tono more. Where- 
tore among the ufes I had defigned to make of 
our fyringe formerly often mentioned, it was 
one, to try, 1 by the help of that inftrument, 
we could determine fomewhat near (for no 
more was to be expected) how much weight a 
cylinder of uncomprefied air included in it, 
and confequently of the fame diameter with the 
cavity of the barrel, would be able to fuftain, 
or alfo to lift up. 

Iw order to this tral, 1. we provided a fta- 
ble pedeftal, or frame, wherein the {yringe 
might be kept firm, and erected. Next, we 
alfo provided a weight of lead fhaped like our 
brafs-hoop, or ring, formerly defcribed, that 
by the advantage of its figure it might be 
made to hang down by itrings from the top of 
the handle cf the rammer, and fo prefs evenly 
enough on all fides, without making the upper 
part of the inftrumcnt top-heavy. 2. We 
took care to leave, between the bottom of the 
fyringe, which was firmly clofed with ttrong 
cement) and that part of it where the fucker 
was, aconvenient quantity of air, to expand 
itfelf, and lift up the weight, when the air cx- 
ternal to that included air fhould be pumped 
out of the receiver. And laftly, the handle of 
the rammer (from which the annular weight 
lately fpoken of depended) was fo faftened to the 
turning-key of the cover of the receiver, that 
the weight might notconaprefs the air included 
in the fyringe, but Icave it in its natural {tate 
or wonted laxity, till the air were withdrawn 
jrom the receiver. 

_ Bur notwithftanding all this, when we ac- 
tually tried the cxperiment, that happened, 
which I teared. ‘Tor though: by this method 


the barrel, than to heave up fo ereat a weight. 
And yet I have thought fit to relate the expe- 
riment thus particularly, becaufe, if an exact 
fyringe can be procured, which I fear will be 
very difficult, but do not think impofMfible, 
this feems to be one of the likelicft and leatt 
exceptionable ways I know, of meaturing the 
force of the air’s f{pring. 

But defpairing to get fuch a fyringe, as I 
defired, in the place where I then was, I be- 
thought my feli of another way, by which I 
hoped to be able, though not to arrive at an 
exact knowledge of the full force of the air’s 
{pring, yet, at Jeaft to approach nearer it than 
Ihave been able to do by the help of the fy- 
ringe. For this purpofe, confidcring with my 
felf, that if a convenient quantity of air were 
included in a fine {mall bladder, the fides of it 
would hinder the air from getting away, and 
the limbernefs of them would permit the air to 
accommodate it felf and the bladder to the f- 
gure of acylindrical veil, into which it might 
be put : 

WHEREFORE With much ado I procured to 
be made by a perfon exercifed in turning a cou- 
ple of hollow cylinders, whofe fides were of a 
fuficient thicknefs, that they might refit the 
preflure of the air to be imprifoned in them, 
and of fuch differing breadths, that the frit 
had but one inch in diameter, and the fecond 
two ; their depths being alfo unequal, that the 
one might receive a much larger bladder than 
the other. 

Wit the leffer of thefe, wnich was very 
carefully turned, I made a diligent trial; whole 
circumftances I cannot now acquaint your lord- 
fhip with, the paper, wherein they were am- 
ply recorded, having been with other notes 
belonging to this continuation unluckily loft ; 
but the molt confiderable things in the event 
Were, that it was very dificult to procure a 
bladder imail and fne enough for that little 
cylinder ; and that one, which at length we 
procured, would not continue ftanch for many 
trials, but would after a while part with a ic- 
tle air in the well exhaulted receiver, when it 
was Clogged with the utmoit weight it could 
fuftain : but whilft it continued ftanch we made 
one fair trial with it, from whence we con- 
cluded, that a cylinder of air of but an inch in 
diameter, and lefs than two inches in length, 
was able to raife vifibly, though Lut a little, a 
weight of above ten pounds (I fpeak of avoir- 


‘dupoize weights, where a pound contains fix- 


tecn ounces.) The manner of making this ex- 
periment, and the cautions used in judging of 
it, your lord{fhip may learn by the recital of 
the fublequent trial; my notes about which 
were not fo unfortunate as thofe that concerned 
the former. 


the included air would well eriough lift up a 
weight of feven gr eight pound, yet when the 
rammer came tobe clogged with fo confidera- 


Into a hollow cylinder of wood of four coo ptate 
inches in depth, and two in diameter, furnifhed VIII. Fig. 
with a broad and folid bottom or pedeftal, to 2 and 4. 


ble a weight,’ as my {cope in making the expe- 

riment requiréd, the initrument proved not fo 

flanch, but that it was eafier for fome parti- 

cles of air to-force.themfclves a paflage, and 

get away between the fucker and the infide of 
aa 3 


make ic ftand the frmer, was put a lamb’s or 
fheep’s bladder very ftrongly tied at the neck, 
on which was put a wooden plug, marked with 
ink where the edge of the cylinder was con- 
Uiguous to it: this plug being loaden with 

| weights, 
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weimhts, amounting to 35 pound, (the upper- 
mott of which weights was faftened to the 
turning-kcy, to keep it upright, and to help 
to raife it at firft) the recerver was exhaufted, 
till the mark appeared veiy manifeftly above 
the brim of the cylinder ; and then, though 
the {tring were by curning the key quite flacken- 
ed, yet the mark on the plug continued very 
viffdble : and when fo much air was let into the 
receivur, as made the weight ceprefs. the plug 
quite beneath the mark, upon the repumping 
out of the air, the weight was without the help 
of any turning-key litted up, and by degrees 
all the marl: on the plug was raited about ¢ a- 
bove the edge of the cylinder. 

VHEREFORE we iubftituted for a feven 
pound weight one that was efumated at 14, 
(for then we had not a ballance itrong enough 
to weigh it with,) and uting the fame bladder 
We repeated the experiment, only having a care 
to jupport a little the upperinoft weight by the 
turning-key, ill the bladder had attained its 
expanfion ; and then the weight being gently let 
co, ceprefled net the plug fo low, cut that we 
could yet ive the mark on it, (waich yet was 
all we could do,) though that part of the plug, 
where the mark was, were maniuitly more de- 
preffed than the other. 

For the clearing up of jome varticulars re- 
lating to this tryal, we will fubjoin the follow- 
Ing notes, 

1. Tue plug is to be fo fitrcd to the cavity 
of the cylinder, as cafily to fiip up and down 
it, without grating againit the fides of it, Ictt 
icneedlefsly increafe the refiitance of the weight 
to beralfed. And this plug ought to be of a 
convericnt length, as about an iach and a half 
at leaft, thatit may be the fieter to help to re- 
duce the bladder by compreflion into a fome- 
wat cylindrical fhape, anc ycec that it may not 
be ihruic in too cecp by the incumbent weight; 
ant taat che wagoc nught reff more Armly up- 
On it, there was a broad and ftrong kde: made 
atthe top of it, by which it mugie lean on e- 
vory fide upon the brim of the hollow cylinder. 

2. Berore the inftument was conveyed 
into the receiver, the bladder (which ought to 
be of a juft fim, and not full blown, and 
of a fine and lunber contexture) was put 
into the cylluder, and by divers gradual (but 
not immoderate) comprefiions was reduced to 
conform its {¢if, as much as might be, to the 
cylindrical fhape of the containing vefiel. And 
then the weight being put on, and taken off 
again, there was a mark (‘in the form of an 
horizontally placed arch) made withink, where 
the cdge of the brim of the hollow cylinder 
did almoit tuuch the plug. = This we thought 
neceflary to do, to avoid a miltake ; for we 
rouft not judge, that all the weight, chat might 
be raed by our bladder, may pats for thie 
weight fought after by cur experiment ; fince 
the air in the bladder is by reafon of the incum- 
bent weight more compreffed than it was be- 
fore, and confequently its being able to heave 
up a great weight will not inter, that our com- 
mon air is able im its natural ftate (as they call 
it) to exert fo great altrength; chat weight 
being only to be looked on as raifed or fuftain- 


the SPRING of tie AIR. 


ed by the uncompreffed air, that is, raifed 
or fultained, when the plug is lifted up to the 
mark, fince till then the fpring of the air does 
but bring ic back from its new ftate of adven- 


titious compreffion to its natural or wonted 


laxity. 
3. WHEN, after the operation was ended, 


we took the bladder out of the veffel, it had 


cbtained a formcylindrical enough; and though 
it could be but two inches in diameter, yet it 
was fo little, as to be but half an inch more 
lone than broad. - 

Tue reafon, why I chofe to have the two 
cylinders made of the unequal diameters above- 
mentioned, was to examine, as far as by this 
way I could, a conjecture I had, that the force 
of the fpring of differing cylinders of -air to 
litt up folid weights would, at the very firft 
railing of the weights, be in duplicate propor- 
tion to the diameters of their cylinders, (thofe 
diameters being proportionable to the areas of 
the plain fuperficies, againft which the air does 
immediately prefs,) without very much confi- 
dering the inequality, that may be between the 
quantity of the feveral parcels of air, whofe 
preffures are compared. Butit is to be remem- 
bered, that I faid, at the very firftraifing of the 
weights, becaufe prefently after that, the quan- 
tity of the parcels of air may be very confide- 
rable: for, as I have fhewn in another treatife, 
two very unequal quantities of air being made 
by their expanfion to poffefs two equal fpaces 
the Icffer quantity of air muft be much more 
rarched in proportion than the greater; and 
confequently, to bring this home to our pre- 
{ent argument, though both be lifted up + or 4 
of an inch, the fpring of avery little air muft 
be much more weakened than that of a very 
confiderable quantity, and fo it cannot continue 
to lift up its weight, as the above-mentioned 
proporticn would (if it were not for this ad- 
vertifement) feem to require. 

TAKING then our conjecture in the fenfe 
now declared, the fuccefs of our trials is agree- 
able to it, inviting us to conclude, that the air 
in the bladder, which was but two inches in 
diameter, was able by its preffure to counter- 
vail the weight of 42 pound, which is about 
four times, the weight, that we lately obferved 
the {pring cf a cylinder of air of one inch in 
diametcr to be able to-liftup. For though, 
according to what we have formerly faid of a 
duplicate proportion, 42 pound feems to be 
fomewhat more than ought to have been lifted 
up in the cylinder of two inches bore, when 
that of one inch lifted upnot above 10 pound; 
yet this difagrees not with the hypothefis, if 
we confider, that the fubftance of the bladder 
{traitens the cavity of the f{maller cylinder in a 
greater proportion than that of the bigger. 

5. THoucn we have thus (as far as the 
inftruments we were able to procure would 
aMift us) meafured the preffure of included air, 
yet [ mult not forbear to advertife your lord- 
fhip, that confidering what I formerly obferved 
to you about the weight of an atmofpherical 
pillar of an inch in diameter, I cannot but think, 
that if a cylinder, or other convenient inftru- 


ment, exactly tight, can be procured, the ee 
of 
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of an aerial cylinder will appear to be greater 
than we found it by the foregoing tryals; in 
which I confider, that, not to mention the re- 


the weight that fhould lean upon it. And See Plate 
then taking a middle-fized and limber bladder, VU! Fg. 
{trongly tied at the neck, but not near full °° 


fiftance of the bladder itfelf, the membraneous 
fubftance, that lined the cylinders (though it 
were very thin and fine) could not but fome- 
what ftraiten their cavities, and confequently 
fomewhat (though not much) leffen the dia- 


blown, we preffed it by the help of the plug 
into the cylinder to make it the better accom- 
modate it felf to the figure of it. Then taking 
notice by an inky mark, how much the plug 
was extant above the orifice of the veffel, we 


meters of the included aerial cylinders. 

6. To all thefe notes I muft add this adver- 
tifement, that it may be therefore the more 
difficult in fuch trials as ours to afcertain the 


laid the weights upon the plug, whofe rim or See Plate 
lip hindered it from being depreffed too deep Vitt. Fig. 
into the cavity of the veffel ; and having con- s. 


See Plate 
VIL. Fig: 
4. 


force of theair’s fpring, becaufe that air itfelf, 
when it 1s concluded, being fhut up with the 
preffure of the atmofphere upon it, it is proba- 
ble, that fince that preffure, as we have fhewn, 
is not at all times the fame, the fpring of the 
included air will accordingly be varied. And 
if my memory fail me not, when the lately 
recited experiments were made, our barometer 
declared the atmofphere to be fomewhat light. 

From what has been hitherto delivered, 
this may refult; that itis likely, that the fpring 
of an aerial cylinder an inch broad may be able 
to fuftain, if not raife, a pretty deal more than 
ten pound weight; and that the paft trials, 
without determining that the air can raife no 
more in them than it did, do at leaft prove, that 
it can raife up asmuch weight as we have related, 
fince we actually found it to do fo. 


EXPERIMENT XLVIII 


About an eafy way of making a fmall quantity of 
included air raife inthe exhaufted receiver 50 
or 60 pound, or a greater weight. 


WOULD very willingly have further pro- 

fecuted the foregoing trials, to fee how far 
the lately propofed conjecture or hypothefis 
would hold ; but was hindered by the want of 
receivers tall and capacious enough to contain 
the weights, that fuch an attempt required: 
but remembring, that there were not any expe- 
riments made in our engine, that appeared 
more ftrange to the generality of {pectators, 
and ferved more to give them a high opinion 
of the air’s fpring, than thofe, wherein they faw 
folid bodies actually lifted up by it; and re- 
membering, that I had lying by mea brafs vef- 
fel, which had been befpoken for another ex- 
periment, for which the workmen had not 
made it fit; I -hought it not amifs to employ it 
about making a trial very eafy, and yet fit to 
be fhewn to ftrangers, to convince them, that 
the {pring of the air 1s a much more confidera- 
ble thing than they imagined. 

We took then a brafs veffel made like a cy- 
linder, and having one of his orifices’ exa¢tly 
covered with a flat plate very firmly faftened 
to it, the other orifice being wide open. The 
depth of this veffel was four inches, and the 
diameter fhould have been precifely, but wanted 
about a quarter of an inch of, four inches. To 
this hollow cylinder we fitted a wooden plug, 
like one cf thofe defcribed in the foregoing ex- 
periment, fave that it was not quite fo long, 
and that it was furnifhed with a rim or lip, 
which was purpofely made of a confiderable 
breadth, that it might afford a ftable bafis to 


veyed them into the receiver, we found, as we 
expected, that if we had loaded the plug but 
with a fingle weight, as to avoid trouble and 
the danger of breaking the glafs we ufually 
thought fit to do, though that were a common 
half-hundred weight, which you know amounts 
to 56 pound, it would very quickly be mani- 
feftly heaved up by the fpring of the included 
air. For confirmation of more than which, I 
fhall fubjoin the enfuing trial, as I find it re- 
corded among my loole notes. 

Tue weight, that was lifted up by the blad- 
der in the cylinder four inches broad, was 75 
pound: this weight was lifted up till the 
wooden plug difclofed the mark, that was to 
fhew the height, at which the air kept the 
faid plug before it was compreffed: difclofed, 
it I fay, vifibly at the fifth exfuction, and at 
the feventh that mark was £, or rather #; above 
the edge of the cylinder. Inthe gage, where 
the mercury in the open air was wont to ftand 
about above the uppermoft glafs-mark, it 
was deprefled, tillit was = below the fecond 
mark, When the air was let in, it was a pret- 
ty while before the weight did manifeftly begin 
to fubfide ; the bladder being taken out, and 
the place it had poffeffed in the cylinder being 
{upplied with a fleeve, or fome fuch thing, and 
the weight laid again upon the plug, we found, 
that at twenty-four exfuctions the mercury was 
depreffed to the loweft mark of the gage; and 
it was the thirty-fourth or thirty-fifth exfuction 
before the receiver appeared to be fo exhautfted, 
as to put an end to the finking of the mercury, 
which was then above § beneath the loweft 
mark. | 

Your lordfhip will eafily believe, that moft 
of the fpectators of fuch trials thought it fome- 
what ftrange to fee a {mall quantity of air, 
which was not only uncomprefied in the blad- 
der, but did not near fill it, and left it very 
foft and yielding to the leaft touch, lift up fo 
eafily by its bare fpring fuch great weights as 
endeavoured to opprels it. But this not being 
any thing near a fufficient trial, how far the 
conjecture or hypothefis formerly propofed will 
hold, I thought ft to make the utmoft trials, 
the talleft receivers I could procure would ad- 
mit: and having caufed Jeaden weights to be 
purpofely caft flat like cheefes, and as broad as 
we could conveniently put into the receiver, 
that by the advantage of this fhape we might 
be able to pile up the more of them, without 
much danger that any of them fhould be fhaken 
down; we laid divers of them one upon ano- 
ther, and then the upper part of the receiver 
growing too narrow to admit more of them, 
we added a lefs broad weight or two ; and then 
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exhaufting the receiver, till we perceived by 
the gage, that the air was manifeftly withdrawn, 
we found, as near as we could meafure, by the 
help of a mark and a pair of compaffes, that 
the plug was fo far raifed, as that it was con- 
cluded, that the elevation would have been 
much greater, if the included air, being put 
upon {fo great a conatus, had not found it eafier 
to produce fome leak at the neck of the blad- 
der, than to lift up fo great a weight, which by 
our reckoning came toabout 100 pound of 16 
ounces to the pound. But this laft experiment, 
for want of fome requifite accommodations, 
we were hindered from repeating and promo- 
ting ; though the above mentioned hypothefis 
made me prefume, that a far greater weight 
might this way have been raifed, if the bladder 
had been ftanch, and the receiver high enough. 

I need not tell your lordfhip, that if a larger 
bladder be employed and included in a brafs 
veffel of a fufficiently wide orifice, a far greater 
weight may be lifted up by the fpring of the 
internal air. But yet it will not be amifs to give 
your lordfhip on this occafion this advertife- 
ment, which may be fit to be taken notice of 
on divers others ; that care muft be had not to 
make receivers, that ought to be well emptied, 
too large, and efpecially too wide at the orifice ; 
for otherwife they will be expofed to fo great 
a preffure of theatmofphere, that they need be 
of an extraordinary ftrength to refiftit ; and 
even receivers, that feemed thick enough pro- 
portionably to their bulk, and which held out 
very well till the clofe of the operation, yet 
when they came to be very diligently exhaufted, 
they did, by reafon of the widenefs of their 
orifices, begin to crack at the bottom. 


EXPERIMENT XLIX. 


N one of my publifhed experiments I long 
I fince told your lordfhip, that when I en- 
deavoured, by the help of a fealed bubble, 
weighed in an exhaufted receiver, to compare 
the gravity of air and water, I was hindered 
by the cafual breaking of the glafs from com- 
pleating the experiment. Wherefore J after- 
wards thought fit to repeat the trial; and though 
when I had done fo twice or thrice, having 
given away the large receiver I had made ufe 
of about them, and not being able ever fince 
to procure a good one, that was capacious e- 
nough for the tender fcales I thought fo nice an 
experiment required, I did not profecute that 
attempt fo faras I intended; yet this very diffi- 
culty I met with, to procure the requifites of 
making the trial, invites me to fubjoin the two 
following notes, which I find among my loofe 
papers. 

We weighed a bubble in the receiver, which 
we found to weigh above half a grain heavier, 
when much of the air was exhaufted, than 
when it was full. Afterwards we took out this 
fealed bubble, and weighing it found it to weigh 
68 grains and a half; then breaking off the 
fmall tip of it under water, we found, that the 
heat, by which it was fealed up, had rarefied its 
included air, fo that it admitted 125 grains 


of water, for the admitted water and glafs 
Vo. III. 
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weighed 193% grains. Then filling it full wich 
water, we found it to contain in all 739 grains 
of water, for it weighed 807 4 grains : whence 
It is evident, that the difference between the 
weight of water and air was lefs than 1228 to 1, 
We weighed in the receiver a bubble, che 
elafs of which weighed 60 grains: the air that 
filled it, weighediz vacuo 32 ofa grain : the wa- 
ter, that filled it, weighed 720 ! grains: fo that 
by thisexperiment the proportion of the weight 
of arto water isas one to $53 34. | 
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I’ trials mentioned in thefe notes, though May 26, 


they were too few for me to acquieice in, 
being madein a new way, and which has fome 
advantages above thofe, thathave been hitherto 
employed to weigh the air, may yet ferve to 
keep us from thecontrary extremes, that have not 
been avoided by fuch eminent mathematicians 
as Galileo and Ricciolus ; the former of which 
makes water to be about 400 times as heavy as 
the air; and the latter, whofe conjecture is 
much remoter from the truth, 10,000 times 
heavier. 

Bur it is fo defireable a thing, and may 
prove of {uch importance, to know the pro- 
portion in weight betwixt air and water, that I 
fhall not fcruple to acquaint your lordfhip with 
an attempt or two, that I made to difcover it b 
another way. For, though at firft fight this 
experiment may feem to be the fame with one 
publifhed a pretty while ago in the learned 
Schottus his Mechanica bhydrolico-pneumatica ; 
yet your lordfhip will eafily perceive this diffe- 
rence between them; that, whereas the in- 
duftrious author of that experiment contents 
himfelf to fhew, by the diminution of the 
weight of a glafs, when the air has been drawn 
out of it, that the air, before it was drawn out, 
wasnot devoid of gravity ;_ the following trial 
does not only perform the fame thing, and by 
a fuperadded circumftance confirm the truth to 
be thereby proved, but it endeavours alfo to 
fhew the proportion in gravity betwixt the air 
and water. The trials themfelves were regif- 
tered among my 4dver/aria as follow : 

A {mall receiver being exhaufted of air by 
the engine, and counterpoifed whilft it conti- 
nued fo; the ftop-cock was turned, and the 
air re-admitted, which made it weigh 36 grains 
more than it did before: and to prevent jea- 
loufies, we caufed it to be applied the fecond 
time to the engine, by which the air being 
emptied once more, the glafs was put into the 
other fcale of the former ballance, and fo coun- 
terpoifed ; and then the external air being re-ad- 
mitted, (which rufhed in as formerly with a 
whilftling noife,) there was found 36 grains or 
better requifite to reftore the ballance to an 
equilibrium. 

WE took a finall glafs receiver fitted with a 
ftopcock, and having exhaufted it of the air, 
and counterpoifed it, and let in the outward air, 
we found the weight of the veffel to be in- 
creafed by that admiffion 36 grains. This 
done, we took the receiver, after having well 
counterpoifed it, out of the fcale ; and having 
applied it the fecond time to the engine, we 
once more withdrew the air, and then turning 
the ftop-cock to keep out the external air, 

we 
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we took care, that none of the cement, em- 
ployed to join it co the engine, fhould ftick to 
It, as we had diligently freed it from adherent 
cement, beiore we laft applied it to the engine. 
Then weighing ic again, we found it to weigh 
either 35 or 36 grains (but rather the former) 
heavier than it did, when it was laft counter- 
poifed in the fame ballance. This being alfo 
done, we immerfed the ftop-cock into a bafon 
of fair water, and let in the liquor, that we 
misht find, how much water would fucceed in 
place of the air we had drawn out. When no 

iere water was impelled in, we turned the 
ftop-cock once more, to keep it from falling 
out, and then weighing it in the fame fcales, 
(after we had wiped the ftop-cock, that no 
water might ftick to it on the outfide,) we 
found the water (without computing the veffel) 
to weigh 447 ounces, 3 drams, and 6 grains, 
which divided by 35 grains, (which I took to 
be the weight of the air, that was equal in bulk 
to this water that fucceeded it,) the quotient 
was (wanting a very little) 650 grains, for the 
proportion of the weight between air and water 
of the fame bignefs, at the time when the ex- 
periment was made: which circumftance I 
therefore take notice of, becaufe the atmo- 
{phere appeared by the barofcope (wherein the 
mercury {tood thenat 29 inchesand three quarters) 
to bevery heavy; whichmade me the lefs won- 
der to find this proportion not fo great, as at 
other times I had obferved it to be between wa- 
ter and air in point of weight: though I fuf- 
pected, that becaufe this odd experiment can- 
not be nimbly difpatched, fome little air may 
have got in at the ftop-cock, befides the air 
that difclofed itfelf in numerous bubbles in the 
water that was admitted, where, though it lay 
in fuch{mal! particles as not to be difcerned be- 
fore, yet thefe particles by this opportunity 
to expand themfelves, extricated themfelves 
from the water, and by getting together might 
fomewhat refift the ingrefs of more 3 which 1s 
a difficulty, whereto the meafuring the pro- 
portion between water and air in a heated zoll- 
pile is liable. But the ftealing in of any air, 
before the water was letin, is mentioned but as 
a fufpicion. 

Your lordfhip may perhaps think it fome- 
what ftrange, that I fhould -prefent you trials, 
whofe events do not fo well agree together, as 
perchance you expected. But this very difa- 
greement was one of the motives, that induced 
me to acquaint you with them: for all thofe 
compriied in thefe experiments being made 
faithtully, and not without, at the leaft, an ordi- 
nary diligence, as they feem to make it pro- 
bable, that one may without any great error 
e{timate the proportion of our Englifh air to 
water to be as one to fome number between 600 
and 1100; fo it is not to be expected, that 
the proportion, whatever it be that fhould be 
pitched upon, fhould be accurate and {ftable. 
For though learned men feem to have hitherto 
taken it for granted, that ic may fuffice once for 


* Ta the Hydro“ratical Paradoxes. 
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in the Englith edition of the newly mentioned appendix, but not in the Latin verfion. 


all diligentiy to inveftigate the proportion be- 
twixt thofe two bodies, yet, not only that I am 
apt tobelieve, that a determinate quantity of air 
(as a pint or quart) may be unequally heavy in 
diftant countries, and even in differing places 
of the fame country ; but what } have taken 
notice cf in the 17th of the printed experi- 
ments, and afterwards frequently obferved of 
the great inequalities of the weight of the 
atmofphere, inclines me to think, that in the 
felf fame place two experiments may be made 
with the fame inftruments, and equal diligence, 
and yet the weights of the air may be found 
differing enough ; which may keep your lord- 
fhip from much wondering, that in the 36th 
printed experiment, made when I had the va- 
riations of the atmofphere’s gravity in my eye, 
I found the air to belefs ponderous in reference 
to water, than in thefe lattertrials. Butof this, 
I hope, Ifhall, if God permit, make further 
trials with the fame veffels, at times when I fhall 
perceive by the barofcope, that the gravity of 
the atmofphere is very great and very {mall. 
And I wifh the curious would make the like tri- 
als in other regions. I donot forget, that not 
only the fchool-philofophers, but moft of the 
moderns deny, that air hath any weight in air, 
nomore than waterin water; but having * elfe- 
where declared and explained my fenfe about 
this received opinion, I fhall not here fpend 
any of the little time I have remaining, to juf- 
tify my diffent; for which your lordfhip may 
find fuficienc grounds in the newly related ex- 
periments, efpecially if you pleafe to confider, 
that though the opinion I difallow have been 
chiefly and generally grounded upon fome ar- 
euments {uppofed to evince, that water has no 
weight in water, I have + elfewhere fhewn thofe 
proofs not to be cogent, and taught a practical 
way of weighing water in water, with a pair of 
ordinary {fcales +. 


EXPERIMENT L. 


About the disjoining of two marbles (not other -~ 
wife to be pulled afunder without a great 
weight) by withdrawing the preffure of the 


air from them, . 


N our formerly publifhed experiments about 
the air ||, I did, if I mifremember not, ac- 
quaint your lordfhip with an attempt I had 
made to make a couple of coherent marbles fall 
afunder, by withdrawing the air from them. 
But though I then efteemed, that their cohefion 
depended upon the preffure of the air, yet not 
being at that time furnifhed with all the accom- 
modations requifite to make an experiment not 
eafy to be performed fucceed, I thought fit, 
when I had afterwards opportunity, to profe- 
cute what I then began, and add fome circum- 
{tances, thatI could not then make trial of, and 
yet whofe fuccefs will not, I prefume, be unwel- 
come, fince it fupplies us with no lefs than mat- 
ters of fact ; whence we may argue, thisthat ex- 


‘periment of coherent marbles (which not only 


the 
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the Ariftotelian plenifts have much triumphed 
in, but which fome recent favourers of our hy- 
pothefis have declared themf{elves to be troubled 
with) is not only reconcileable to our doétrine, 
but capable of being made a confirmation of 
it; notwithftanding what has Jately been pub- 
lifhed (upon the fuppofition of a cafe, which 
at firft blufh may fecm jomewhat of a kin io 
our experiment,) by a very learned * writer, 
to whofe objection againft our hypotheSis, 
though as well confidently as very civilly pro- 
poied, an anfwer may in due place, if your 
lordfhip defire it, be returned. 

We took two flat round marbles, each of 
them of two inches and about three quarters in 
diameter ; and having put a little oil between 
them to keep out the air, we hung at a hook 
faftened to the lowcrmolt a pound weignt to 
furmount the cohzfion, which the tenacity of 
the oil and the imperfect exhauftion of the re- 
ceiver might give them. ‘Then having ful- 
pended them in the cavity of a recciver, ata 
{tick that lay horizontally a-crofs it; when the 
engine was filled, and ready to work, fhe fhook 
it fo ftrongly, that thofe, that were wont to 
‘Manage it, concluded, it would not be near fo 
much fhaken by the operation. Then begin- 
ning to pump out the air, we obferved the 
marbles to continue joined, until it was {fo far 
drawn out, that we began to be diffident whe- 
ther they would feparate. But at the 16th 
fuck, upon the turning of the ftop-cock, (which 
gave the air a paflage out of the receiver into 
the pump,) the fhaking of the engine being 
almoft, if not quite, over, the marbles {pon- 
tancoufly fell afunder, wanting that preffure of 
the air, that formerly had kept them together : 
which event was the more confiderable, not 
only becaufe they hung parallel to the horizon, 
but adhered fo firmly together, when they were 
put in, that having tried to pull them afunder, 
and thereby obferved how clofe they ftuck to- 
gether, I foretold 1c would coft a good deal of 
pains fo far to withdraw the air, as to make 
them feparate : which conjecture your lordfhip 
will the lefs wonder at, if I add, that a weight 
of 80 and odd pounds, faftened to the lower- 
moft marble, may be drawn up together with 
the uppermoft, by vertue of the firmnefs of 
their cohefion. 

N. B. Tuts is not the only time, that this 
experiment fucceeded with us. For fometimes, 
when they were not fo clofely preffed together 
before they were put in, the disjunction was 
made at the 8th fuck, or fooner, and we 
feemed to’ ourfelves to obferve, that when we 
hung but half a pound weight to the lower 
marble, it required a greater exhauttion of the 
receiver to feparate them, than when we hung 
the whole pound. 

_ Arter, having proceeded thus far with 
the inftruments we then had, meeting with an 
artificer, that was not altogether unfkilful, we 
dire€icd him to make (what we wanted before 
in that place) fuch a brafs-plate, to ferve for a 
cover or cap to the upper orifice of receivers 
open at the top, as we have divers times had 


occafion to mention already in giving accounts 
of fome of the foregoing trials: by the help of 
which contrivance we profecuted the newly re- 
lated experiment much farther than we could 


do before, as may appear by the following 
account, 
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We faftened to the lowermoft of the two Sce Plate 
marbles a weight of a very few ounces, (for I 1¥-ig-4- 


remember not the precife number,) and having: 


cemented the capped receiver with the marbles 
in it, as before, to the pump, we did by a 
ftring, whereof one end was tied to the bottom 
of this turning-key, and the other to the up- 
permoft marble, and which (ftring) paffed 
through the crank or hook belonging to the 
brafs-cover ; we did, I fay, by the help of this 
ftring, and by turning round the key, draw up 
the fuperior marble, and by reafon of their co- 
herence the lowermoft alfo, together with the 
weight that hung at it: by which means being 
fure, that the two marbles ftuck clofe together, 
we began to pump out the air, that kept them 
coherent ; and after a while, the air being 
pretty well withdrawn, the marbles fell afunder. 
But we having fo ordered the matter, that the 
Jowermoft could fall but a little way beneath 
the other, we were able by inclining and fha- 
king the engine to place them one upon another 
again, and then letting in the air fomewhat 
haflily, that by its fpring it might prefs them 
hard together, we found the expedient to fuc- 
ceed fo well, that we were not only able by 
turning the abovementioned cylindrical key, to 
make the uppermoft marble take up the other, 
and the annexed weight; but we were fain to 
make a much more laborious and diligent ex- 
hauftion of the air, to procure the disjunction of 
the marbles this fecond time, than was necef- 
fary to do it at the firft. 

AnD for further prevention of the objections 
or {cruples, that I forefaw fome prepoffeffions 
might fuggeft, I thought fit to make. this fur- 
ther trial; that when the marbles were thus 
afunder, and the receiver exhaufted, we did, 
before we let in the air, make the marbles fall 
upon one anothcr as before ; but the little and 
highly expanded air, that remained in the re- 
ceiver, having not a fpring near {trong enough 
to prefs then together, by turning the key we 
very eafily railed the uppermoft marble alone, 
without finding it to ftick to the other as before. 
Whereupon we once more joined the marbles 
together, and then letting in the external air, 
we found them afterwards to ftick fo clofe, 
that J could not without inconvenience ftrain 
any farther, than I fruitlefly did, to pull them 
fairly afunder ; and therefore gave them to one 
that was ftronger than I, to try, whether he 
could do it, which he alfo in vain attempted 
to perform. 

Anp now, my lord, though I had thoughts 
of adding divers other experiments to thofe 
I have hitherto entertained you with ; yet 
(upon a review) finding thefe to amount al- 
ready to fifty; I think it not amifs to make a 
paufe at fo convenient a number. And the 


rather, becaufe an odd quartainary diftemper, 
that 
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that I flighted fo long, 
take root, is now grown fo troublefome, that I 
fear it may have too much influence upon my 
ftyle ; which apprehenfion obliges me, as well 
to avoid abufing or diftrefling your lordfhip’s 
patience, as to allow myfelf fome feaforable 
refrefhment, to referve the mention of the de- 


as to give it time to figned additions, until they can with lefs trouble 


to us both be prefented you by, 
My dear lord, 


Your lordfhip’s moft humble fervant, 
and affectionate uncle, 


Oxford, March 24, 
1667, ROBERT Boyte. 


N O TL 


1D S> KC. 


ABOUT THE 


ATMOSPHERES of Consistent Bopiss here below. 


SHEWING, 


That even Harp and Sottp Bopies (and fome fuch, as one would 


{carce fufpect) are capable of emitting EF F 


having ATMOSPHERES. 


LUVIA, and fo of 


ADVERTISEMENT, 


E that fhall take the pains to perufe 
the following paper, will eafily 
believe me, when I tell him, that 
it was not defigned to come abroad 

with the experiments, in whofe company it 
now appears. But the {ftationer earneftly re- 
prefenting, that divers experiments being re- 
ferved by me for ancther occafion, the remain- 
ing ones alone would not give the book a 
thicknefs any thing proportionable to its 
breadth ; I confented, at his follicitation, to 
annex to them the following obfervations, 
becaufe of fome affinity between the {mall at- 
mofpheres of leffer bodies, and the great at- 
mofphere that furrounds the terreftrial globe ; in 
which the other, that do at leaft help to com- 
pofe it, are loft and confounded, as brooks and 
rivers are in the ocean. And to fave the reader 
the pains of making gueffes, to what kind of 
writing the enfuing difcourfe may belong, I 


fhall here intimate, that it is difmembred from 
certain papers about occult qualities in general, 
which make part of the notes I long fince de- 
figned, and alfo partly publifhed, about the 
origin of qualities, of which notes thofe, that 
concerned effluviums, being the moft copious, 
I referred them to four general heads ; whereof 
the firft only is treated of in the following dif- 
courfe, the others being withheld, as having 
not affinity enough with the atmofphere to ac- 
company this, whereon they have no fuch ab- 
folute dependence, but that they may well 
enough {pare it. And I make the lef {cruple 
to let it appear without them, becaufe the in- 
ducements already mentioned are not a little 
{trengthened by this fuperadded confideration, 
that the following notes may give light to {e- 
veral of the obfervations I have made, of fome 
leis heeded phenomena of the alterations of the 
air, in cafe they be allowed to enter into the 
Appendix to this Continuation. 
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HE fchool philofophers, and the vul- 
gar, in confidering the more abftrule 
operations and phznomena of nature, 
are wont to run into extremes ; which, though 
oppofite to one another, do almoft equally con- 
tribute to kéep men ignorant of the true 
caufes of thofe effects they admire. For the 
vulgar, being accuftomed to converie with 
fenfible objects, and to conceive grofly of 
things, cannot eafily unagine any other agents 
in nature, than thofe that they can fee, if not 
alfo couch, and handle; and as foon as they 
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meet with an effect, that they cannot afcribe 
to fome palpable, or at leaft fenfible efficient, 
they are, and ftick not to confefg themfelves 
utterly at a lofs. And though the vulgar of 
philofophers will not acknowledge themfelves, 
to be pofed by the fame phenomena with the 
vulgar of men, yet in effect they are fo. But 
the {chool-philofophers, on the contrary, do 
not only refufe to acquiefce in fenfible agents, 
but, to folve the more myfterious phenomena 
of nature, nay and moft of the familiar ones 
too, they fcruple not to run too far to the other 

fide, 
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fide, and have their recourfe to agents, that are 
not only invifible, but inconceivable, at leatt 
to men, that cannot admit any, fave rational 
and confiftent notions: they afcribe all abftrute 
effects to certain fubftantial forms, which how- 
ever they call material, becaufe of their de- 
pendence on matter, they give fuch defcrip- 
tions to, as belong but to fpiritual beings: as 
if all the abftrufer effects of nature, if they be 
not performed by vifible bodies, muft be fo 
by immaterial fubftances ; whereas betwixt vi- 
fible bodies and fpiritual beings there is a mid- 
dle fort of agents, invifible corpufcles; by 
which a great part of the difficulter pheno- 
mena of nature are produced, and by which 
may intelligibly be explicated thofe phenome- 
na, which it were abfurd to refer to the for- 
mer, and precarious to attribute to the latter. 
Now for method’s fake I will refer the notes, 
that occur to me about effluviums, to four 
heads ; whereof the firft is mentioned in the 
title of this paper, and each of the other three 
fhall be fucceffively treated of in as many dif- 
tinét ones. | 

Tuat fluid bodies, as liquors, and fuch 
as are manifeftly either moift, or foft, fhould 
eafily fend forth emanations, will] prefume be 
granted without much difficulty , efpecially 
confidering the fenfible evaporation, that is ob- 
vious to be obferved in water, wine, urine, &c. 
and the loofe contexture of parts, that is fup- 
pofed to be requifite to conftitute foft bodies, 
(as flowers, balfoms, aad the like:) but that 
even hard and ponderous bodies, notwithftand- 
ing the folidity and ftrift cohefion of their 
component parts, fhould likewife emit fteams, 
will to many appear improbable enough to 
need to be folemnly proved. 

WHETHER you admit the atomical hypo- 
thefis, or prefer the Cartefian, I think it may 
be probably deduced from either, that very 
many of the bodies, we are treating of, may 
be fuppofed exhaleable as to their very minute 
parts. For, according to the doctrine of Lw- 
cippus, Democritus, and Epicurus, each indi- 
vifible particle of matter hath effentially either 
a conftant actual motion, or an unloofeable 
endeavour after it; fo that though it may be 
fo complicated in fome concretions with other 
minute parts, as to have its avolation hindered 
fora while; yet it can fcarce otherwife be, 
but by this inceffant endeavour of all the 
atoms to get loofe, fome of them fhould from 
time to time be able to extricate themfelves, 
and fly away. And though the Cartefians do 
not allow matter to have any innate motion, 
yet, according to them, both vegetables, ani- 
mals, and minerals, confift of little parts fo 
contexed, that their pores give paflage to a 
celeftial matter ; fo that this matter continually 
ftreaming through them, may well be pre- 
fumed to fhake the corpufcles, that compoie 
them: by which continued concuffion now 
fome particles, and then others, will be thrown 
and carried off into the air, or other contigu- 
ous body, fitted to receive them. But though 
by thefe, and perhaps other confiderations, I 
might endeavour to fhew @ priori, as they 
fpeak, that it is probable confiftent bodies 
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themfelves are exhaleable, yet I think it may 
be as fatistactory, and more ufeful, to prove it 
a pofteriori, by particular experiments, and 
other examples. 

Tua tT then a dry and confiftent form does 
net neceffarily infer, in the bodies that are en- 
dowed with it, an indifpofition to fend forth 
fteais, which arc, as it were, little colonies of 
particles, is evident, not only in the leaves of 
damafk rofes, whether frefh or dried; as alfo 
IN wormwood, mint, ruc, @&c. but in amber- 
ereefe, mufk, ftorax, cinnamon, nutmegs, and 
other odoriferous and fpicy bodies. But more 
eminent examples to our prefent purpofe may 
be afforded us by camphire, and volatile falts, 
fuch as are chemically obtained from harts- 
horn, blood, &c. for thefe are fo fugitive, 
that fometimes I have had a confiderable lump 
of volatile falt (either of fermented urine, or 
of harts-horn) fly away by little and little out 
of a glafs, that had been carefully ftopped 
with a cork, without leaving fo much as a 
grain of falt behind it. And as for camphire, 
though by its being uneafy to be powdered, it 
feem to have fomething of toughnefs or tena- 
city in it; yct Iremember, that having for 
trial’s fake counterpoifed it in nice fcales, even 
a {mall lump of it would in a few hours fuffer 
a vifible lois of its weight, by the avolation of 


ftrongly fcented corpufcles, and this, though - 


the experiment were made both ina north win- 
dow, dnd in winter. 

Burt I expect you fhould require inftances 
of the effuviums of bodies of a clofe or folid 
texture: wherefore I proceed to take notice, 
that amber, hard-wax, and many other elec- 
trical bodies do, when they are rubbed, emit 
effuviums. For though I will not now med- 
dle with the feveral opinions about the caufe 
and manner of ele<trical attra¢tion, yet befides 
that almoft all the modern naturalifts, that aim 
at explicating things intelligibly, afcribe the 
attraction we are fpeaking of to corporeal 
effluxes ; and befides that I fhall ere long have 
occafion to fhew you, that there ts no need to 
admit with Cartefius, that becaufe fome electri- 
cal bodies are very clofe and fixed, what they 
emit upon rubbing’ is not part of their own 
fubftance, but fomewhat that was harboured 
in their pores: befides thefe things, I fay, I 
have found, that many electrical-bodies may by 
the very noftrils be difcovered, when they are 
well rubbed, to part with ftore of corpufcles, 
as I have particularly, but not without atten- 
tion, been able to obferve in amber, rofin, 
brimftone, &c. | 

I know not, whether it will be worth while 
to take notice of the great evaporation I have 
obferved, even in winter, of fruits, as apples, 
and of bodies, that feem to be better covered; 
as eggs; which, notwithftanding the clofenefs 
of their fhels, did daily grow manifeftly lighter 
and lichter ; as I obferved in them, and di- 
vers other bodies, that I kept long in fcales, 
and noted their decrements of weight. But 
perhaps you will be pleafed to hear, that ha- 
ving a mind to fhew, how confiderable an eva- 
poration is made from wood, ] caufed a thin 
cup, capable of holding about a pint, or more, 
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to be turned of a wood, that was chofen by 
the turner as folid and dry enough, though it 
were not of the clofeft fort of woods, fuch as 
are lignum vite, and box. And as I caufed 
the ihape of a cup to be given it, that it might 
have a greater fuperficies expofed to the air, 
and confequently might be the fitter to emit 
{tore of {teams into it; fo the fuccefs did not 
only aniwer my expectation, but exceed it: 
for though the trial were made fome time in 
winter, there was fo quick and plentiful an eva- 
poration made from the cup, that I found it 
no eafy matter to counterpoife it; for whilft 
Grains were putting into the oppofite fcale, to 
bring the tender balance to an equilibrium, 
the copious avolation of invifible fteams from 
the wood (which had fo much of fuperficies 
contiguous to the air) would make the fcale 
that held it fenfibly too light. And I remem- 
ber, that for further fatisfaction, being after- 
wards in a city, where there were both good 
materials and workmen, I ordered to be made 
a bowl, about the fame bignefs with the for- 
mer, af well feafoned wood, which being fuf- 
pended in the chamber I lay in, (which cir- 
cumftance I] therefore mention, becaufe the 
weather and a little phyfick I had taken obliged 
me to keep a fire there,) it quickly began ma- 
nifeftly to looie of its weight ; and though the 
whole cup wanted near two drachms of near two 
ounces, yet in twelve hours, viz. from ten 
of the clock in the morning to the fame hour 
at night, it loft about 40 grains, (for it was 
above 39.)j But of fuch experiments, and the 
cautions belonging to them, I may elfewhere 
fpeak farther. 

It were not difficult for me to multiply in- 
{tances of the continual ernanation of fteams 
from vegetable and animal fubftances; but I 
am not willing to enlarge myfelf upon this 
fubject, becaute I confider, that there are other 
bodies, which feem fo much more indifpofed to 
part with effuviums, that a few inftances 
given in fuch may evince what I would 
prove, much more than a multitude produced 
in other bodies. And fince I confider, that 
thoie fubftances are the moft unlikely to afford 
effluvia, that are either very cold, or very pon- 
derous, or very folid and hard, or very fixed ; 
if Ican fhew you, that neither of thefe quali- 
fications can keep a body from emitting f{teams, 
I hope I fhall have made it probable, that 
there is no fort of bodies here below, that may 
not be thought capable of affording the cor- 
poreal emanations we fpeak of. 

Awopb firft I remember, that I have not 
only taken eggs, and in a very fharp win- 
ter found them, notwithftanding the cold- 
nefs of the air where I kept them, to grow 
fenfible lighter, in a faithful pair of fcales, in 
not very many hours; but becaufe ice is 
thought the coldeft vifible body we know, I 
thought fitto fhew, that even this body avill 
Joofe by evaporation ; for having counter- 
porfed a convenient quantity of ice in a good 
balance, and torthwith expofed it therein to 
the cold air of a frotty night, that the evapo- 
rations fhould be from ice not from water, I 
found the next morning, that though the {cale, 


wherein the 1ce were put, was dry, which 
arguedas well as the coldneis of the weather, 
that the expoied concretion had not thawed ; 
yet 1 found its weight to be confiderably di- 
minifhed, and this experiment I fuccefsfully 
made in more than one winter, and in more’ 
than one place. And it is now but a few days 
lince, expofing not long before midnight lets 
than two ounces of Ice in a good balance to a 
fharply freezing air, I fent for it before I was 
up in the morning; and though by the drinefs 
of the fcales the ice, that was in one of them, 
appeared not to have thawed, yet it had loft 
about ten grains of its former weight ; fo that 
here the evaporation was made in fpite of a 
double cold, of the ice, and of the air. 

I fhould now proceed to the mention of 
ponderous and folid bodies ; but before I do 
fo, it may be expedient to give you notice, 
that, to make the proof of what I have pro- 
pofed more fatisfactory, and more applicable 
to our future purpofes, I fhall forbear to give 
you any examples of the exhalations of bodies, 
where fo potent an agent as the fire is made 
to intervene, 

But though I purpofely forbear to infitt 
on fuch examples, yet it may not be amifs to 
intimate, that in explicating iome occult quali- 
ties, even fuch exhalations, as are produced by 
the help of the fire, may be fit to be taken 
into confideration, as we may hereafter have 
occafion to fhew. And therefore we may ob- 
ferve in general, that the fire is able to put 
the parts of bodies into fo vehement a motion, 
that except gold, glafs, and avery few more, 
there are not any bodies fo fixed and folid, that 
it is not thought capable to diffipate either to- 
tally, or in part. It is known to thofe, that 
deal in the fufion of metals, that not only lead 
and tin, but much harder bodies will emit co- 
pious and hurtful fteams. And there are fome 
kinds of that iron, which our fmiths call cold- 
fhare iron, about whofe fmell, whilft it was red 
hot, when I made inquiry, the ingenioufeft 
{mith I had then met with told me, that he 
had found it feveral times to be fo ftrong, and 
rank, that he could fcarce indure to work with 
his hammer thofe parcels of metal , whence it 
proceeded. And even without being brought 
to fufion, not only brafs, and cepper will, be- 
ing well heated, become ftrongly fcented, but 
iron will be fo too, as is evident by the un- 
pleafing {mell of many iron ftoves, And 
on this occafion I might not impertinently 
add here a trial we made to obferve, whe- 
ther the {teams of iron may not be made, 
though not immediately vifible, yet percepti- 
ble to the eye itfelf, though the metal had not 
a red, much lefs a white heat. But having 
elHfewhere related it at large, in a difcourfe you 
may command a fight of, I fhall rather refer 
you to it, than loofe the time it would take up 
to tranfcribe it. 

TueEseE things premifed, I proceed now to 
the mention of ponderous bodies; and con- 
cerning them, to reprefent, that if you will ad- 
mit what almoft all the corpufcularians affert, 
and divers of the peripateticks do not now 
think fit to deny, that the magnetical opera- 
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tions are performed by particles iffuing forth 
of the body of the loadftone, or other magne- 
tical agent; I fhall not need to go far for an 
inftance to our prefent purpofe, fince I have 
hydroftatically found, that fome loadftones (for 
I have found thofe minerals very differing in 
gravity) are fo ponderous, as to exceed double 
the weight of flints, or other ftones of the fame 
bulk. 

Bur not to infifton loadftones, ftone-cutters 
will inform you, as they did me, that black 
marble, and fome other folid and heavy {tones, 
will, upon the attrition they are expofed to, 
when the workmen are polifhing them, efpe- 
cially without water, emit, and that without 
the help of external heat, a very fenfible finell; 
which I found to be much more ftrong and of- 
fenfive, when, to make it fo, I had the curtofi- 
ty to caufe a piece of folid black marble to 
have divers fragments ftruck off from it with a 
chizel and a hammer: for the ftrokes fucceed- 
ing one another faft enough to make a great 
concuffion of the parts of the black marble (for 
in white, which is not fo folid, the trial will 
not fucceed well) there quickly followed, as I 
expected, a rank unpleafant {mell; and you 
will grant me, I know, that odours are not dif- 
fufed without corporeal emanations. I remem- 
ber alfo, that having procured fome of thofe 
acuminated and almoft conical ftones, that pafs 
among the vulgar for thunder-ftones, by rub- 
bing them a little one againft the other, I 
could eafily, according to my expectation, excite 
a ftrong fulphureous ftink. I have alfo tried 
upon a certain mineral mafs, that was ponde- 
rous almoft as a metal, but to me it feemed 
rather an unufual kind of marchafite, that I 
could in a trice, without external heat, make it 
emit more ftrongly {cented exhalations, than | 
could contentedly endure: to which I fhalladd 
this example more, that having once made a 
chemical mixture of a metalline body and 
coagulated mercury, which you will believe 
could not but be ponderous, though this mix- 
ture had already endured as violent a fire as 
was neceffary to bring it to fufion, in order to 
caft it into rings; yet it was fo difpofed to 
part with corporeal effluxes, that a very inge- 
nious perfon, that practiced phyfick, and was 
there when I made it, earneftly begged a little 
of it of me for fome patients troubled with di- 
ftempers in the eyes, and other parts remote 
enough from the hand; which he afirmed 
himfelf to have very happily cured, by making 
the patient wear a ring of this odd mixture, or 
wearing a little of it as an appenfum near the 
difaffected part. If you make a witrum Saturnt 
with a good quantity of minium in reference to 
the fand or cryftal, which it helps to bring to 
fufion, you fhall have a glafs exceeding ponde- 
rous, and yet not devoid of electricity: and I 
remember, that having fometimes caufed brafs 
it felf to be turned like wood, that I might try, 
whether fo great, though invifible, a concuf- 
fion of all the parts would not throw off fome 
{teams, that might be fmelled, I was not re- 
duced to forego my expectation ; but yet be- 
caufe it was not fully anfwered, and Lecaufe 
alfo there is great difference of brafs upon the 
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{core of the lapis calawinzris, whereof togeth: 
with copper it is made, I enguired of the 
workman, who ufcd to turn great quantities of 
brafs, whether he did not often after find it 
more {trong ; and he informed me, that he did, 
the fmell being fometimes fo {trong, as to be 
offenfive.to ftrangers, that came to his thop, 
nd were not ufed to it. 

I-proceed now to the effuviums of folid and 
hard bodies ; of which, if moft of our corpuf- 
cularian philofophers, and divers others be not 
much miftaken, I may be allowed to give in- 
{tances in all electrical bodies, which,as I have 
already noted, mutt according to their doétrine 
be acknowledged to operate by fubftantial eraa- 
nations. Now among electrical bodies I hve 
obferved divers, that are of fo clofe a texture, 
that aqua fortis itfelf, nor fpirit of falt will 
work upon them, and to be fo hard, that fome 
of them will ftrike fire like flints. Of the for- 
mer fort I have found divers gems, which I 
named in my notes about electricity; and even 
the cornelian itfelf, which JI found to attra‘t 
hairs, though it be thought to be of a much 
flighter texture than precious ftones, did yet re- 
fift aqua fortis, as I tried in a large ring, 
brought out of the Eaft-Indies, which I pur- 
pofely broke, and reduced fome part of it to 
powder, that I might make thefe and fome 
other trials with it. Rock cryftal alfo, though 
it have a very manifeft attractive virtue, as 
they callit, Ihave yet found it fo hard, as to 
{trike fire rather better than worfe than ordi- 
nary flints. And to fhew, that no hardnefs of 
a body 1s inconfiltent with its being electrical, 
I fhall add, that though diamonds be confcit 
to be the hardeft bodies, that are yet known in 
the world, yet frequent experience has affured 
me, that even thefe, whether raw or polifhed, 
are very manifeftly, and fometimes vigoroufly 
enough, electrical. 

Anb to let you fee, that I need not to have 
recourfe to this kind of bodies; to prove, that 
very folid ones are capable of effluvia; I will, 
to what I have formerly noted about the odour 
of black marble, fubjoin two or three exam- 
ples of the like nature. | 

Tue firft fhall be taken from a fort of con- 
cretions very well known in divers parts of 
Italy by the name of cugoli, becaufe of the 
great ufe, that is made of it by the glafs-men. 
Thefe concretions, you will eafily believe, are 
very hard, as other minerals of that fort are 
wont to be; and yet being invited by my con- 
jectures about the atmofpheres of bodies, to 
try them by rubbing them one againft the 
other, I found, as I expected, that they afforded 
not only a perceptible, but a very ftrong {mell, 
which was far from that of a perfume. 

Awnp this brings into my mind, that having 
met with fome ftones cut out of humane blad- 
ders, whofe texture was fo clofe, that I could 
not with corrofive menftruums make any fen- 
fible folution of one, whereon I made my trial, 
though, to facilitate the lquors operation, part 
of it were reduced to fine powder; yet by a 
little rubbing of one of thefe fo clofely contexed 
ftones, it would prefently afford a rank fmell, 
very like the ftink of ftale urine. ; 
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I remember I have caufed iron to be turned 
with a lath, to examine, whether by the inter- 
nal commotion, that would by that operation 
be produced in the corpufcles of the metal, 
even that folid, as well as ponderous body 
would not become capable of being {melled ; 
and though by reafon of the nature of that par- 
cel of iron, whereon we made our trial, or fome 
accidental difpofition, which was at that time, 
being winter, in my organs of fmelling, the 
odour feemed to me but very faint; yet upon 
the enquiry I made of the artificers, whether 
in turning greater pieces of iron they did not 
find the fmell ftronger? they told me, that 
they often found it very ftrong, and fometimes 
inore fo than they defired. 

Anp this brings into my mind what I have 
carefully obferved in grinding of iron; for 
there are many grindftones fo qualified, that 
in cafe iron inftruments be held upon the 
ftone, whilft ic is nimbly turned under it, 
though the water, that is wont to be ufed on 
fuch occafions, ftifles, if I may fo fpeak, the 
{mell, and keeps it from being commonly taken 
notice of; yet if you purpofely caufe, as I re- 
member I have done, the ufe of water to be 
forborn, your fuccefs will not be hike mine, if 
you do not find, that ftore of foetid exhalations 
will be produced. And though it be not al- 
ways fo eafy to difcern by the fmell, from 
which of the two bodies they iffue, or whether 
they proceed from both; yet it feems probable 
enough, that fome of the {teams come from 
the iron, and it is more than probable, that if 
they proceed not from that metal, they mutt 
from a body, that is fo hard, as to be able to 
make impreflions in a trice upon iron and fteel 
themfelves. - 

Tre laft example { fhall name under this 
head, is furnifhed me by marchafites, fome of 
which would after a fhort concuffion without 
external heat be made to exhale for a pretty 
while together a {trong fulphureous odour, and 
yet were fo hard, than when ftruck with a fteel- 
hammer, (which would not eafily break them) 
they afforded us fuch a number of fparks, as 
appeared ftrange enough. And it is known, 
that it is from their difpofition to ftrike fire, 
(which yet I dare not attribute to all forts of 
marchafites,) that this kind of mineral 1s, by a 
name frequently to be met with in writers, 
called pyrites. And in this example we may 
take notice, that a body, capable of being the 
fource of corporeal emanations, may be at once 


both very folid and very ponderous. 


Ir remains now, that J manifcit, that even 
the fixednefs of bodies is not incompatible 
with their difpofition to emit eMuviums. 

I might allege on this occafion, that the 


regulus of antimony, and alfo its glafs, though 


they muft have endured fufion to attain their 
rcfpective forms; yet they will without heat 
communicate to liquors antimonial expirations, 
with which thofe liquors being impregnated 
become emetick and purgative. I might alfo 
add, that divers ele¢trical bodies are very fixed 
in the-fire, and particularly that cryftal, as we 
have more than once tried, will endure feveral 
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ignitions and extinctions in water, without 


being truly calcined, beimg indeed but cracked 
into a great multitude of little parts: but be- 
caufe the above named antimonial bodies wil] 
after a while fly away in a ftrong fire, and be- 
caufe the effuviums of cryftal are not fo fen- 
fible as thofe, which can immediately affect our 
eyes or noftrils, I will here fubjoin one inftance, 
fuch as I hope will make it needlefs for me to 
add any more, it being of a body, which mutt 
have fuftained any exceeding vehement fire, 
and is looked upon by moit of the chemitfts as 
more undeftroyable than gold itfelf; and that is 
glafs, which is able, as you know, to endure fo 
reat a brunt of the fire, that you did not per- 
haps imagine I fhould of all bodies name it on 
this occafion. But my conjectures about the 
atmofpheres of bodies leading me to think, 
that glafs itfelf might afford me a confirmation 
of them; I quickly found, that by rubbing a 
very little while two folid pieces of it (not, as 
I remember, of the finer fort) one againft the 
other, they would not only yield a fenfible 
odour, but fometimes fo ftrong an one, as to 
be offenfive. By which you will eafily per- 
ceive, why I told you above, that I did not ac- 
quiefce in the Cartefian argument againft elec- 
trical bodies performing their operations by 
emanations of their own fubftance, drawn from 
hence, that glafs does attract light bodies, as 
indeed it does, though but weakly; and yet is 
too fixed to emit cfHuviums, the contrary of 
which fuppofition the lately mentioned expe- 
riment, and by us often repeated, does fuffici- 
ently evince. 

From what other folid bodies, and that 
will endure the fire, I have, or have not been 
able to obtain fuch odorous fteams, it is not 
neceffary to declare in this place, but may per- 
haps be done in another. 

You may, I prefume, have taken notice, 
that, according to what I intimated a while aco, 
I have forborn in the precedent examples to 
mention thofe effluvia of folid bodies, that 
need the action of the fire to be obtained. 
But fince the fun is the grand agent of nature 
in the planetary world, and fince during the 
fummer, and efpecially at noon, and in fouthern 
climates, his heat makes many bodies have 
little atmofpheres, that we cannot fo well dif- 
cern that they have conftantly; I fee not, why 
I may not be allowed to afcribe atmofpheres 
to fuch bodies, as I have obfervedto have them, 
when the fun fhines upon them ; and alfo to 
think, that the like may be attributed at leaft 
fometimes to fuch other bodies, as will do the 
things ufually performed by effuviums, when 
yet they are excited but by an external heat, 
which exceeds not that of the hot fun. 

Or thefe two forts of bodies I fhall for bre- 
vity’s fake name but two or three examples, 
and then haften to a conclufion. 

THe firtt of thefe I muft make bold to 
borrow from my obfervations about electricity, 
among which this is one, that to fhew, that the 
particular and ufual manner of exciting fuch 
bodies, namely by rubbing them, is not al- 
ways neceflary ; I took a large piece of good 
amber, and having in a fummer morning, 
whilft the air was yet frefh, tried, that it would 
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not without being excited attract a light body 
I had expofed to it; I removed it into the 
fun’s beams, till they had made it moderately 
hot, and then I found according to my expec- 
tation, that ic had acquired an attractive virtue, 
and that not only in one particular place, as is 
ufually obferved, when it ts excited by rubbing, 
but in divers and diftant places at once; at 
any of which it would draw to it the light bo- 
dy placed within a convenient diftance from 
it: fo that even in this climate of ours a folid 
body may quickly acquire an atmofphere by 
the prefence of the fun, and that long before 
the warmeft part of the day. 

Tue next inftance you will perchance think 
fomewhat ftrange, it being that, when for want 
of an opportunity to make the like trial in the 
warm fun, I took a little but thick veffel made 
of glafs, and held it near the fire, till it had 
got a convenient degree of heat, (which was 
not very great, though it exceeded that which 
I had given the amber) I found, as I had ima- 
gined, that the heat of fire had made even this 
body attractive, as that of the fun had made 
the other. 

Wuat degree of heat I have obferved to 
be either neceffary, or the moft convenient to 
excite electrical bodies, according to their dif- 
ferent natures, (for the fame degree will not 
indifferently ferve for them all) this is not the 
propereft place to declare, that it will be more 
to our prefent purpofe to make fome fhort re- 
fle€tion on what has been hitherto delivered. 

Ir feems then probably deduceable from 
the foregoing experiments and obfervations, 
that avery great number, if not the greateft 
part, even of confiftent bodies, whether ani- 
mal, vegetable, or mineral, may emit efflu- 
viums, and that even thofe that are folid may, 
at leaft fometimes, have their little atmo- 
fpheres, though the neighbouring folids will 
often keep the evaporations from being every 
way ambient in reference to the bodies they 
iffue from. 

For as the inftances hitherto alledged (which 
are not all that I could have named) do plainly 
fhew, that divers bodies, and fome that have 
not been thought very likely, are fuch as we 
fpeak of; fo feveral things induce me to be- 
lieve, that there may be many more of the 
like nature. 

For firft, very few, if any, have (that I 
know of) had the curiofity to make ufe of nice 
fcales, which fuch trials require, to examine 
the expirations of inanimate bodies, which if 
they fhall hereafter do, I make little doubt, 
but they will light on many things, that will 
confirm what we have been propofing, by 
their finding, that fome bodies, which are not 
yet known to yield exhalations, do afford them, 
and that many others do part with far more 
copious ones than is imagined. For one would 
not eafily have thought, that fo extremely 
cold a body as a folid piece of ice fhould make 
a plentiful evaporation of itfelf in the cold air 
of a freezing night; or that a piece of wood, 
that had long lain in the houfe, and was light 
enough to be conveniently hung for a long 

time at a ballance, that would Icfe its aequili- 
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brium with, as I remember, half a quarter of 
a grain, fhould in lefs than a minute of an hour 
fend forth fteams enough to make the {cales 
manifeftly turn, and that in winter. 

But fuppofing (which is my fecond confide- 
ration) that trials were made with good inftru- 
ments for weighing, though it will follow, that 
in cafe the expofed body grow lighter, fome- 
thing exhales from it; yet it will not follow, 
that if no diminution of weight be difcovered 
by the inftrument, nothing that is corporeal 
recedes from it. I will not urge, that it is af- 
firmed, not only by the generality of our che- 
mifts, but by learned modern phyficians, that 
when either glafs of antimony, or crocus me- 
tallorum impregnate wine with vomitive and 
purgative particles, they do it without any de- 
crement of their weight ; becaufe the fcales in 
apothecaries fhops, and the little accuratenefs 
wont to be employed in weighing things, by 
thofe that are not verfed in ftatical affairs, 
made me, though not deny the tradition, which 
may perchance be true, yet, unwilling to build 
upon obfervations, which to be relied on are 
to be very nicely made ; and therefore I fhall 
rather take notice, that though the load{tone 
be concluded to have conftantly about it a 
great multitude of magnetical effluvia, which 
may be called its atmofphere, yet it has not 
been obferved to lofe any thing of its weight 
by the recefs of fo many corpufcles. But be- 
caufe, if the Cartefian hypothefis about magne- 
tifms be admitted, the argument drawn from 
this inftance will not be fo ftrong as it feems, 
and as it otherwife would be; I thall add a 
more unexceptionable example, for I know 
you will grant me, that odours are not diffufed 
to.a diftance without corporeal emanations from 
the odorous body: and yet, though good am- 
ber-greafe be, even without being excited by 
external heat,. conftantly furrounded by a large 
atmofphere, you will in one of the following 
difcourfes find caufe to admire, how inconfide- 
rable the wafte of it is. 

IF it be faid, that in tract of time a decre- 
ment of weight may appear in bodies, that in 
a few hours or days difcovers not any ; the ob- 
jection, if granted, overthrows not our doétrine, 
it being fufficient to eftablifh what we have 
been faying, if we have evinced, that the efflu- 
via of fome bodies may be fubtle enough not 
to make the body by their avolation appear 
lighter in ftatical trials, that are not extraordi- 
narily (and as it were obftinately) protracted. 
And this very objection puts me in mind to 
add, that for ought we know the decrement of 
bodies, in ftatical experiments long continued, 
may be fornewhat greater, than evennice {cales 
difcover to us; for how are we fure, that the 
weights themfelves, which are commonly made 
of brafs, (a metal very unfixed,) may not in 
tract of time fuffer a little diminution of their 
weight, as well as the bodies counterpoifed by 
them ? and no man hasI think yettried, whe- 
ther glafs, and even gold may not in tract of 
time lofe of their weight, which in cafe they 
fhould do, it would not be eafily difcovered, 
unlefs we had bodies, that were perfectly fixed, 


by comparifon to which we might be better 
T affifted, 
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aMifted, than by comparing them with brafs 
weights, or the like, which being themfelvcs 
lefs fixed, will lofe more than gold and glats. 
My third and laft confideration is, that 
there may be divers other ways, belides thofe 
furnifhed us by ftaticks, of difcovering the 
effuvia of folid bodies, 2nd confequently of 
fhewing, that it 1s not fafe to conclude, that 
becaufe their operation is not conftant or ma- 
nifeft, fuch bodies do never emit any effluvia at 
all,and fo are uncapable to work by their inter- 
vention on any other body, though never fo well 
difpofed to receive their action. And this I 
the rather delire that you would take notice of, 
becaufe my chief (though not only) defign in 
thofe notes is (you krow) to illuftrate the 
doctrine of occult qualities; and it may con- 
duce to explicate feveral of them, to know, that 
fome particular bodies emit effuvia, though 
perhaps they do it not conftantly, and uni- 
formly; and though perchance to, they do 
not appear to emit any at all, if they be ex- 
amined after the fame manner with other ex- 
haleable bodies, but only may be made to emit 
them by fome peculiar way of handling them, 
or appear to have emitted them by fome de- 
terminate operation on fome other fingle body, 
or at moft imall number of bodies. 
PERCHANCE you did not think, until you 
read what I lately told you about glafs, that 
from a body, that had endured fo violent a fire, 
there could, by fo flight a way as rubbing a 
little while one piece againft another, be ob- 
tained fuch fteams, as may not only affect but 
offend the noftrils. Nor fhould we eafily be- 
lieve, if experience did not affure us of it, that 
a diamond, that is juftly reputed the hardeft 
known body in the world, fhould by a little 
rubbing be made to part with electrical effluvia. 
Nay, (that I may give fome kind of confirma- 
tion to that part of the laft paragraph that 
feems moft to need it,) I fhall add, that I once 
had a diamond not much bigger than a large 
pea, which had never been polifhed or cur, 
whofe electrical virtue was fometimes fo eafily 
excited, that if I did but pafs my fingers over 
it to wipe, the virtue would difclofe itfelf,; and 
if as foon as I had taken it out of my pocket, 
I applied a hair to it, though I touched not the 
{tone with my fingers, that I might be fure 
not to rub it, that hair would be attracted at 
fome diftance, and many times one after an 
other, efpecially by one of the fides of the 
ftone, (svhofe furface was made up of feveral 
almoft triangular planes;) and though this ex- 
citation of the diamond feemed to proceed 
only from the warmth that it had acquired in 
my pocket, yet I did not find that that warmth, 
though it feemed not to be altered, had always 
the fame effect on it, though the wiping it 
with my finger failed not (that I remember) 
to excite it, Something like this ‘uncertainty 
J always obferved in another diamond of mine, 


tuat was much nobler than the firft, and very 
well polifhed, and in a {mall ruby, that I have 
yet by me, which would fometimes be confi- 
derably electrical without being rubbed, when 
I but wore the ring it belonged to on my little 
finger; and fometimes again it feemed to have 
loft that virtue of operating without being 
excited by friction, and that fometimes within 
a few minutes, without my knowing whence 
fo quick a change fhould proceed. But I muft 
infift no longer on fuch particulars, of which I 
elfewhcre fay fomething ; and therefore I pro- 
ceed to take notice, that we fhould fcarce have 
dreamed, that when a partridge or hunted 
deer has cafually fet a foot upon the ground, 
that part, where the foot{tep hath been (though 
invifibly) impreffed, fhould continue for many 
hours a fource of corporeal effuxes ; if there 
were not fetting dogs, and fpaniels, and blood- 
hounds, whofe nofes can take notice at that 
diflance of time of fuch emanations, though 
not only other forts of animals, but other forts 
of dogs are unable to do fo. 

I faw a ftone in the hands of an academick, 
an acquaintance of mine, which I fhould by the 
eye have judged to be an agate, not a blood- 
{tone,; and confequently I fhould not have 
thought, that it could have communicated me- 
dicinal efuvia appropriated to exceffive bleed- 
ings, if the wearer of it had not been fubject 
to that difeafe, and had not often cured both 
himfelf and others, by wearing this ftone about 
his neck; which if he left off, as fometimes he 
did for trial’s fake, his exceedingly fanguine 
complexion (to which I have rarely feen a 
match) would in a few days caft him into re- 
Japfes. What I have elfewhere told you about the 
true virtues of fome ftones, (for I fear that moft 
of thofe that are wont to be afcribed to them 
are falfe,) may give fome confirmation to what 
I have been delivering, which I cannot now 
{tay to do, being to draw to a conclufion as 
foon as | have put you in mind, that it would 
not probably have ever been expected, that fo 
ponderous and folid a body as the loadftone 
fheuld be invironed by an atmofphere, if iron 
had been a fcarce mineral, and had not chanced 
to have been placed near it. 

Anpb with this inftance I fhall put an end to 
thefe notes, becaufe it allows me to make this 
reflexion; that fince folid bodies may have 
conftant atmofpheres about them, and yet not 
difcover, that they have fo, but by their ope- 
ration upon one particular body, or thofe few 
which participate of that; and fince there are 
already (as we have feen) very differing ways, 
whereby bodies may appear to be exhaleable, 
it is not unlikely, that there may be more and 
more bodies (even of thofe that are folid and 
hard) found to emit effuvia, as more and more 
ways of difcovering, that they do fo, fhall either 
by chance or indultry be brought to light. 
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Eftimating the Weight of Water in Water, with ordi- 
nary Balances and Weights. 


Firft Printed in the Puttosornica, Transactions, No. L. p. roo1. 


<c HE author of this invention is the 
“c noble Robert Boyle; who was pleafed 
to comply with our defires of com- 
municating it in Englifh to the curious in 
England, as by inferting the fame in the Latin 
tranflation of his Hydroftatical Paradoxes he 
<< hath gratified the ingenious abroad. And it will 
doubtlefs be the more welcome, for as much 
«as no body, we know of, hath fo much as 
attempted to determine, how much water 
may weigh in water; and poffibly, if fuch 
a problem had been propofed, it would 
have been judged impracticable. 
«© Tue method or expedient he made ufe of 
to perform it, as near as he could, may be 
eafily learned by the enfuing account of a 
trial or two he made for that purpofe, 
which among his notes he caufed to be 
“¢ reoiftered in the following words.” 

A gilafs-bubble of about the bignefs of a 
pullet’s-egg was purpofely blown at the flame ofa 
lamp, with a fomewhat long ftem turned up at 
the end, that it might the more conveniently 
be broken off. This bubble being well heated 
to rarefy the air, and thereby drive out a good 
part of it, was nimbly fealed at the end, and 
by the help of the figure of the ftem was by a 
convenient weight of lead depreffed under 
water, the lead and glafs being tied by a ftring 
to one fcale of a good ballance, in whofe other 
there was put fo much weight, as fufficed to 
counterpoife the bubble, as it hung freely in the 
midft of the water. Then with a long tron 
forceps I carefully broke off the fealed end of 
the bubble under water, fo as no bubble of air 
appeared to emerge or efcape through the wa- 


ter, but the liquor by the weight of the atmo- 
fphere fprung into the unreplenifhed part of 
the glafs-bubble, and filled the whole cavity 
about half full ; and prefently, as I foretold, 
the buble fubfided and made the fcale, it was 
faftened to, preponderate fo much, that there 
needed four drachms and 38 grains to reduce 
the balance to an equilibrium. Then taking 
out the bubble with the water in it, we did, 
by the help of the flame of a candle warily 
applied, drive out the water (which otherwife 
is not eafily excluded at a very narrow ftem) 
into a glafs counterpoifed before; and we found 
it, as we expected, to weigh about four drachms 
and thirty grains, befides fome little that re- 
mained in the egg, and fome {mall matter that 
may have been rarefied into vapours, which 
added to the piece of glafs, that was broken off 
under water and loft there, might very well 
amount to feven or eight grains. By which it 
appears, not only that water hath fome weight 
in water, but that it weighs very near * or 
altogether as much in water, as the felf fame 
portion of liquor would weigh in the air, 

Tue fame day we repeated the experiment 
with another fealed bubble, larger than the 
former, being as big as a great hen-egg, and 
having broken this under water, it grew hea- 
vier by feven drachms and thirty-four grains ; 
and having taken out the bubble, and driven 
out the water into a counterpoifed glafs, we 
found the tranfvafated liquor to amount to the 
fame weight, abating fix or feven grains, which 
it might well have loft upon fuch accounts, as 
have been newly mentioned. 


* This expreffion was added, to leave liberty for a further inquiry, whether the experiment, which hereby appears 
convincing as to the main thing intended to be proved, may not admit the having fomething further debated, ard 


annexed about fome circum ftantial thing or other. 
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The Cofmical Qualities of ‘Things. 


Cofmical Sufpicions. 


The Temperature of the Subterraneal Regions. 
The ‘Temperature of the Submarine Regions. 


The Bottom of the Sea. 


To which is prefixed, 


An Introduction to the Hiftory of PARTICULAR QUALITIES. 


An ADVERTISEMENT of the PUBLISHER to the READER. 


4H OUGH the noble author of the 
following traéts hath alfo written 
divers other fhort difcourfes, upon 

uy feveral occafions, yet, had he not 
been diverted from his purpofe, he had con- 
tinued to let them lie by him, intending, in 
cafe he fhould fuffer them to come abroad, to 
difpofe of them agreeably to a defign, that it 
is not neceffary the reader fhould be now ac- 
quainted with. 

In the mean while, feveral virtuof, to whom 
fome of thefe tracts had been fhewn, and with 
whom the matters handled in fome others had 
been difcourfed, did out of a concern, (as they 
eave out,) for the common-wealth of learning, 
preffingly reprefent to the author: 

First, that divers of thefe loofe tra¢ts, 
having little or no dependency upon one ano- 
ther, might witnout inconvenience be pub- 
lifhed apart, in what number and order the 
author fhould pleafe. 

SECONDLY, that fince his main defign in 
thefe, as well as his other phyfical writings, 
was to provide materials for the hiftory of na- 
turc, it would be thought enough, that they 
be fubftantial and fit for the work; in what 
order or affociation foever they fhould happen 
to be brought into the philofophical repofi- 
tory. 

Tuirpiy, that the communicating thefe 
tracts to the curious would be the beft way tu 
fecure them from being loft or embezelled, as 
dome others of his papers have been, not only 
formerly, but very lately. 

FourtHuey, that the kind reception, the 
curious had given t» what he had Initherto pre- 
fented them, might well invite, Wo it did not 
oblige him, not ty envy them the early ule of 
thofe experiments and hints, which wall pro- 
hably, before the time, wherein his defign 
would fuffer them to come abroad, prove fer- 


viceable to philofophy, by fetting divers inqui- 
fitive heads on work, exciting the curiofity of 
fome, and exercifing the induftry of others. 

Last Ly, that, as of the peices, he had 
hitherto publifhed (except where his own back- 
wardnefs had expreffedly interpofed) the firft 
edition had not long been the only; fo proba- 
bly within a moderate fpace of time, another 
edition of thofe tracts, he fhould firft put out, 
would both allow him to increafe their number, 
and change their order as he fhould judge moft 
expedient, and, (in cafe he fhould in the mean 
while return to his library,) recruit his dif- 
courfes with thofe paflages, that he defigned to 
borrow for them thence. 

But, though thefe confiderations, joincd to 
the earneftnefs of the perfons that made them, 
and the juft refpect he had for them, rendered 
it uneafy for him to refift their perfwafions ; 
yet they never obtained an actual compliance, 
until they were affifted by fuch an unhappy 
jun@ture of ficknefs and bufinefs, as, leaving 
him imall hopes of accomplifhing his firft in- 
tentions In any reafonable time, made him con- 
{ent to fend away to the prefs fome of thofe 
tracts, that he found the Jeaft unready for it, in 
the order wherein they chanced to come to his 
hands. Which being thus reprefented, the 
confidering and ingenious reader will foon find, 
what caufe there 1s, and how much it concerns 
the advancement of valuable philofophy, that, 
fince this excellent author hath (to the pub- 
lifher’s knowledge, as alfo was infinuated above) 
many other rare tracts of a philofophical nature 
in ftore, he be follicited from time to time, that 
he would be pleafed, according to the mealfure 
of health he fhall enjoy, to impart with all 
pollible fpeed thofe difcourfes, which tend to 
the enlargement and progrels of ufeful know- 
ledec, maugre all envy and malice. HL. O. 
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CHAP. I. 


HE patft difcourfe has, I hope, Pyropb. 
given you fome tolerableaccount both 
of the nature, and of the origin of 

qualities in general. Wherefore it now fol- 
lows, that we proceed to qualities in particular, 
and confider how far the manner, whereby they 
are produced, and thofe other phenomena of 
them, that we fhall have occafion to take notice 
of, will accord with, and thereby confirm the 
dottrine I have hitherto propofed ; and whe- 
ther they will not, at leaft, much better com- 
port with that, then with the opinions either 
of the peripateticks, or the chymifts. 

I fhall not fpend time to enquire into all the 
feveral fignifications of the word quality, which 
is ufed in fuch various fenfes, as to make it am- 
biguous enough: fince by the fubfequent dif- 
courfe it will fufficiently appear, in which of the 
more ufual of thofe fignifications we employ 
that term. But thus much J think it not a- 
mifs to intimate in this place, that there are fome 
things, that have been looked upon as qualities, 
which ought rather to be looked upon as ftates 
of matter, or complexions of particular quali- 
ties, as animal, inanimal, &c. health and beauty, 
which laft attribute feems to be made up of 
fhape, fymmetry, or comely proportion, and 
the pleafantnefs of the colours of the particular 
parts of the face. And there are fome other 
attributes, namely, fize, fhape, motion, and 
reft, that are wont to be reckoned among qua- 
lities, which may more conveniently be efteem- 
ed the primary modes of the parts of matter ; 
fince frorn thefe fimple attributes, or primor- 
dial affections, all the qualities are derived. 
But this confideration relating to words and 
names, I fhall not infift upon it. 

Nor do [think it worth while to enumerate 
and debate the feveral partitions, that have been 
made of qualities, (of which I have met with 
divers, and could perchance my felf encreafe 
the number of them,) for though one, that were 
difpofed to criticile upon them, . would not 
perhaps acquiefce in any of them, but look up- 
on them asbeing more arbitrary, than grounded 
upon an attentive confideration of the na- 
ture of the things themfelves; yet becaufe it 
feems not to me fo eafy to make an accurate 
diftribution of qualitics, till fome things that 
concern them be better cleared up than yét 
they are, I fhall content my {elf for the pre- 


fent, to propofe to you one of the more re- 
Voz. IIl. 
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ceived divifions of phyfical qualities, (for you 
know, I do not pretend to treat of any other) 
allowing my felf the liberty of making, whete 
there feems caufe, the members of the diftri- 
bution fomewhat more comprehenfive. We 
will then, with many of the moderns, divide 
phyfical qualities into manifeft and occult; and 
referving the latter to be treated of apart, we 


will diftribute the former into firft, fecond, and - 


third ; to the two laft of which we will referve 
divers qualities not wont to be treated of by 
{chool writers of phyfical fyftems, which, for 
diftin¢tion fake, we may without much incon- 
venience ftile fome of them the chemical qua- 
lines of things, becaufe as Ariffotle and the 
{chool-men were not acquainted with them, fo 
they have been principally introduced and taken 
notice of by means of chemical operations 
and experiments; fuch as are fumigation, a- 
malgamation, cupellation, volatilization, preci- 
pitation, &c. by which operations, among o- 
ther means, corporeal things come to appear 
volatile or fixed, foluble or infoluble in fome 
men{truums, amalgable or unamalgamable, 
capable or uncapable to precipitate fich bodies, 
or be precipitated by them, and, in a word, 
acquire or loofe feveral powers to act on other 
bodies, or difpofitions to be wrought on by 
them ; which attributes do as well deferve the 
name of qualities, as divers other attributes, to 
which it is allowed. And to thefe chemical 
qualities we may add fome others, which be- 
caute of the ufe, that phyficians either only, or 
above other men, make of them, may be called 
medical, whereby fome bodies taken into that 
of a man are deoppilating, others inciding, 
refolving, difculfing, fuppurating, abfterfive 
of noxious adherences, and thickning the blood 
and humours, being aftringent, anodinous ot 
appealing pain, &c. For though fome of the 
faculties of medicines, as thofe of heating, 
cooling, drying, attenuating, purging, 8c. may 
be conveniently enough referred to the firft, fe- 
cond, or third qualities wont to be mentioned 
by naturalifts ; and others are wont to bé 
reckoned among occult ones ; andthough thefe 
medical qualities are wont to be treated of by 
phyficians ; yet it feems to me, that divers of 
them ought not to be referred to the qualities, 
to which they are wont to be fo; and the hand- 
ling of them may be looked upon as a defide- 
ratum in natural philofophy, and may well é- 
nough deterve a diftinct place there ; fince thé 
writers of that icience are not wont to treat of 
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them at all, and phyficians handle them as phy- 

ficians, whom it concerns but to know what 
bodies are endowed with them, and what good 
or ill effects they may have upon humane bc- 
dies, not as naturalifls, whofe bufinefs it ts to 
enquire into the production and caules of thote 
as well as of other qualities. 


CHAP. IL 


EFORE we defcend tothe mention of any 
B of thefe particular qualities, I think ir very 
expedient to {pend a little time in confidering 
three grand fcruples about our and the corpuf- 
cularian doétrine touching qualities, which three 
difficulties, though I remember not to have 
found them exprefly objected by the adverfa- 
ries of the corpufcularian philofophy,nor (per- 
haps only for that reafon) to have been pur- 
pofely folved by the patrons of it; are yet fuch, 
thathaving been fuggefted to me by confidering 
thenature of the thing, I cannot but fear, that they 
alfo may occur to, and trouble you ; fince they 
feem to me of that importance, that unlefs they 
be removed, they may very much prejudice 
the reception of a good part of what Iam to 
deliver abcut particular qualities. 

Tue firft of the above mentioned objec- 
tions is grounded upon the received opinion of 
vulgar and Ariftotelian philofophers, that di- 
verfity of qualities muft needs flow from fub- 
{tantial forms, either becaufe it is part of their 
nature to be the principals of properties, and 
peculiar operations in the bodies they inform ; 
or elfe becaufe diversof them are fuch, that no 
mixture of the elements is capable of produ- 
cing them. 

Or the two fuppofitions, whereon this difh- 
culty is founded, we have already fhewed the 
former to be unfit to be admitted, by what has 
been faid in our examen of fubftantial and fub- 
ordinate forms; and therefore it will only re- 
main, that we examine alfo this fecond fuppo- 
fition, which may therefore deferve the greater 
confideration, becaufe it is much preffed and 
relied by the learned Sewnertus, (and his follow- 
ers,) who improves the argument by this addi- 
tion, that as no bare mixture of the elements, 
fo no general forma miftionis (fuch as divers of 
the moderns have introduced to help out the 
hypothefis) is fufficient to give an account 
of divers qualities, which he fomewhere rec- 
kons up. 

BuT, in the firft place, whereas the propo- 
fers of this difficulty take it for granted, that 
there are four elements, from whofe various 
mixtures all other fublunary bodies fpring ; and 
are therefore only folicitous to prove, that fuch 
and fuch qualities cannot flow from their mix- 
ture ; [ need not much concern my felf for 
their whele difcourfe, fince I admit not that 
hypothefis. of the four elements, that is fuppo- 
fed in it; and yet I may be allowed to obferve 
from hence, that by the confeffion of thefe 
modern peripateticks, that urge this argument, 
thofe ancient and other Ariftotelians were mif- 
taken, who aicribed to the mixture of the ele- 
ments effects, for which thefe maintain them 
to be incompetent. 


But fince replies of this nature do rather 
concern the objectors than the objection, I pro- 
ceed to confider the difficulty it felf, not only 
as it may be propofed by peripateticks, but by 
chemufts; who though fome of them do not 
with others of their feét allow of the four ele- 
ments, do yet agree with the fchools in this, 
that there is a determinate number of ingre- 
dients of compounded bodies, from whofe mix- 
ture and proportion many qualities muft be 
derived; and thofe, that cannot, mutt be refol- 

ed to flow from a higher principle, whether 
it be a fubftantial form, or fomething, for which 
chemifts have feveral names, though 1 doubt 
no fettled and intelligible notion. 

To confider then the difficulty it felf, I fhalt 
for the removal of it prefent to you four prin- 
cipal confiderations. : 

Bu t before I begin by any of thefe toanfwer 
the objection, I fhall readily acknowledge, that 
in fome refpects, and in fome cafes, it may 
not be ill grounded : bur I fhall add, that in 
thofe cafes I look upon it rather as a part of the 
corpufcularian doctrine, than an objection a- 
gainft it; for when it happens, that there is a 
{trict connexion betwixt that modification of 
matter, which is requifite to exhibit one phe- 
nomenon, and that from which another will ne- 
ceflarily follow; in fuch cafe we may not only 
grant, but teach, that he, who by a change of 
its texture gives a portion of matter the for- 
mer modification, does likewife qualify it by 
the fame change to exhibit the congruous phz- 
nomenon ; though one would not perchance fu- 
{pect them to have any fuch dependance upon 
one another. As for inftance, ftrong fpirit of 
diftilled vinegar, by virtue of its being an acid 
fpirit, hath the faculty to turn fyrup of violets 
red: but if by making with this fpirit as {trong 
a {olution as you can of corral, or fome fuch 
body, you deftroy the acidity of the fpirit of 
vinegar ; this liquor, as it has quite another 
tafte, fo it may, and indeed will have another 
operation than formerly upon fyrup of violets. 
For I remember, that upon a trial I purpofely 
devifedto illuftrate this matter, I found, that 
the lately mentioned folution, and fome others 
mace with fpirit of vinegar, would prefently 
like an alkalizate or urinous falt turn fyrup of 
violets from its native blue, not any longer in- 
to a red, but into a lovely green. And pro- 
fecuting the experimenta little farther, ¥ found, 
that {pirit of falt it felf deflegmed by a fit con- 
crete, though the folution were horribly ftrong, 
had yet the fame effect on fyrup of violets. 
But becaufe the cafes, where the above-men- 
tioned connection of qualities and modifications 
occur, are comparatively but few, I fhall here 
confider them no farther, but proceed to the 
four particulars I was late!y propoling. 

Awp in the firft place, | fay, that things 
may acquire by mixture very differing quali- 
ties from thofe of any of the ingredients. 

Or this I thall have occafion to give a mul- 
titude of inftances in the following notes upon 
particular qualities; and therefore it may now 
fufice to mention two orthree, that are the 
more obvious in the laboratories of chemifts ; 
as, that fugar of lead is extreamly {weet, 

3 though 
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though the minium, and the fpirit of vinegar 
of which it 1s made, be the former of them 
infipid, and the latter four. And though 
neither aqua regis, nor crude copper, have any 
thing in them of blue; yet the folution of this 
metal in that liquor is of a deep blue; and 
fometimes I have had the folution of crude 
mercury in good aqua fortis of a rich green, 
though it would not long continue fo. And 
of fuch inftances you will, as I was faying, 
hereafter meet with plenty. So that they are 
much miftaken, who imagine either, that no 
manifeft qualities can be produced by mixture, 
except thofe that refide in the elements, or re- 
fult immediately from the combinations of the 
four firft qualities. For not to repeat what 
variations the mixtures of the moft fimple in- 
gredients only may produce; it is manifeft, 
that nature and art muft continually make 
mixtures of bodies, both of already compound- 
ed bodies, as when afhes and fand compofe 
the common coarfe glafs, and when nature 
combines fulphur with unripe vitriol, and per- 
haps other fubftances in a marchafite ; and al- 
fo of bodies already decompounded, as native 
vitriol is made in the bowels of the earth of 
an aqueous liquor impregnated with an acid 
falt, and of a cupreous or martial mineral, 
firictly united both to a combuftible fulphure- 
ous fubftance, and to another body of a more 
fixed terreftrial nature. And thus artificers 
may eafily, as trial hath affured me, produce 
new and fine colours, by fkilfully mixing in the 
flame two pieces of ammels (which are already 
decompounded bodies) of colours more fimple 
or primary than that, which refults from their 
colliquation. And this way of fo combining 
bodies, not fimple or elementary, will be ac- 
knowledged capable of being made much more 
fertile in the production of various qualities 
and phenomena of nature, if you confider, 
how much the variation of the proportion of 
the ingredients in a mixed body may alter the 
qualities and operations of it, and that propor- 
tion is capable of being varied almoft in infini- 
tum. Thus much may fuffice for our firft con- 
fideration ; efpecially fince divers things, by 
which it may be much confirmed, will be met 
with in the two following chapters. 

In the fecond place I obferve, that it is 
but an ill grounded hypothefis to fuppofe, that 
new qualities cannot be introduced into a 
mixed body, or thofe that it had before be 
deftroyed, unlefs by adding or taking away 
a fenfible portion of fome one or more of the 


Ariftotelian elements, or chemical principles. 


For there may be many changes, as to quality, 
produced in a body without vifibly adding, or 
taking away any ingredient, barely by altering 
the texture, or the motion of the minute parts 


it confifts of. For when (for inftance) water 


hermetically fealed up in a glafs is by the 
cold of the winter turned into ice, and there- 
by both loofeth its former fluidity, and tran- 
{parency, and acquires firmnefs, brittlenefs, 
and oftentimes opacity, all which qualities it 
loofeth again upon a thaw ; 1n this cafe, I fay, 
J demand, what element or hypoftatical prin- 
ciple can be proved to get into, or out of this 


PARTICULAR QUALITIES. 


fealed glafs, and by its intrufion and recefs 
produce thefe alterations in the included body. 
And fo in that fixed metal, filver, what fenfi- 
ble acceffion or decreement can be proved to 
be made as to ingredients, when by barely 
hammering it (which doth but change the 
fituation and texture of the parts) it acquires 


‘a brittlenefs, which by ignition, wherein it 


doth not fenfibly loofe any thing, it may pre- 
fently be made to exchange for its former 
malleablenefs ? And the fame experiment gives 
us an inftance alfo, that the invifible agitation of 
the parts may alone fuffice, to give a body, at 
leaft for a while, new qualities ; fince a thick 
piece of filver nimbly hammered will quickly 
acquire a confiderable degree of heat, where- 
by it will be enabled to melt fome bodies, 
to dry others, and to exhibit divers phzno- 
mena, that it could not produce when cold. I 
might add, that {pirit of nitre, moderately 
{trong, though when included in a well ftoped 
vial in the form of a liquor it will appear 
diaphanous, and without any rednefs, will yet 
fill the upper part of the vial with red fumes, 
if the warm fun-beams or any fit heat (though 
but externally applied, and though the eglafs 
continue clefe ftopped) do put the nitrous fpi- 
rts into a fomewhat brifker motion, than they 
had or needed whilft in the form of a liquor. 
I might alfo demand, both what new element 
or principle is added to a needle, when the 
bare approach of a vigorous loadf{tone en- 
dows it with thofe admirable qualities of re- 
{pecting the poles, and (in due circumftances) 
drawing to it other needles ; and what in- 
gredient the fteel loofes, when by a contrary 
motion of the loadftone it is in a minute de- 
prived of its magnetifm. And to thefe I might 
fubjoin divers like queftions: but of inftances 
and reflections proper to confirm this fecond 
confideration, you may meet with fo many, 
partly in another treatife, and partly in the 
enfuing chapters, that it will be needlefs to 
multiply them here. Wherefore in the third 
place, I fhall obferve, that when we are con-. 
fidering, how numerous and various phzno- 
mena may be exhibited by mixed bodies, we 
are not to look upon them precifely in them- 
felves; that is, as they are portions of matter, 
of fuch a determinate nature, or texture; but 
as they are parts of a world fo conftituted as 
ours 1s, and confequently as portions of matter, 
which are placed among many other bodies, 
For being hereby fitted to receive impreffions 
from fome of thofe bodies, and to make im- 
preffioms upon others of them, they will upon 
this account be rendered capable of producing, 
either as principal, or auxiliary caufes, a much 
greater number and variety of phenomena, 
than they could exhibit, if each of them were 
placed in vacuo, (or if a vacuum be a thing 
impofible) in a medium, that could no way 
either contribute to, or hinder its operations. 
Tx1s hath been partly proved already in 
the difcourfe of the origin of forms, and will 
be farther manifefted ere long ; and therefore 
it may fuffice, that of the particulars mentioned 
in thofe writings, thofe that are pertinent to 
this argument be mentally referred hither. 
, WHERE- 
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WHEREFORE having thus ditpatched the 
third confideration, I now proceed to the 
fourth and laft, which 1s, that the four peri- 
patetick elements and the three chemical prin- 
Ciples are fo infufhicient to give a good account 
of any thing near all the differing phenomena of 
nature, that we muit feek tor fome more catho- 
lick principles ; and that thofe of the corpu- 
{cularian philofophy have a great advantage of 
the other in being far more fertile and com- 
prehenfive than they. I muft not here ftay to 
make full reprefentation of the deficiencies of 
the Ariftotelian hypothefis, having in other 
tracts faid much to that purpofe already ; but 
yet our prefent argument invites me to intimate 
thefe two things; the firft, thar fuch phzeno- 
mena, asthe conftant and determinate fhape 
and figure of the mountains, our telefcopes 
difcover (together with their fhadows) in the 
moon, and the itrange generation and perifh- 
ing of the {pots of the fun, to omit the dif- 
fering colour of the planets, and divers other 
qualities of celeftial bodies, cannot be afcribed 
to the four elements, cr their mixtures, nor to 
thofe of the three chemieal principles, which 
are allowed to be confined to the fublunary 
region. And the fecond, that there are ver 
many phzenomena in nature (divers of which 
I * elfewhere take notice of) feveral whereof 
neither the peripatetick nor the chemical doc- 
trine about the elements, or the ingredients of 
bodies, will enable a man to give fo much as 
any probable account. Such are the eclipfes 
of the fun, the moon, and alfo the fatellites 
of Jupiter, the proportion of the acceleration 
of deicent obfervable in heavy bodies, the 
ebbing and flowing of the fea, a great number 
of magnetical, mufical, ftatical, dioptrical, ca- 
toptrical, and other forts of phenomena, which 
hafte makes me here leave unmentioned. 

Awp having: faid thus much about the firft 
part of our propofed confideration, and there- 
by fhewn, that the vulgar doctrine about the 
ingredients of bodies falls very fhort of being 
able to folve feveral kinds of natures phzeno- 
mena; we may add in favour of the fecond 
part, that, it will follow in general, that it is 
fit to look our for fome more pregnant and 
univerfal principles; and that, in particular, 
thofe of the corpufculary hypothefis are, as to 
thofe.two attributes, preferable by far to the 
vulgar ones, will I hope appear by our anfwers 
tathe two objections, that remain to be exa- 
mined.in the two following chapters, to which 
that J might the more haften, I thought fit to 
infift the lefs upon the objection hitherto exa- 
mined, efpecially becaufe partly in this and the 
two next chapters, and partly elfewherc, I fup- 
pote there is contained a very fuficient reply 
to that objection. And I confefs I fhould 
rhink it ftrange, that the confideration of the 
various motions and textures of bodies fhould 
not ferve to folve tar more phenomena, than 
the bare knowledge of the number (and ‘even 
that of the proportions) of their quiefcent in- 
eredients: for as local motion 1s that, which 
enables natural boclies to act upon one another, 
fo the textures of bodies are the main things, 


that both modify the motion of agents, and 
diverfify their effects according to the various 
natures of the patients. 
CHAP. II. 

ENTER now upon the confideration of 

the fecond, and indeed the grand difficulty 
objected again{t the (corpufcularian) doétrine 
propofed by me about the origin of qualities, 
viz. that it is incredible,that fo great a variety 
of qualities, as we actually find to be in natural 
bodies, fhould {pring from principles fo few in 
number as two, and fo fimple as matter and 
local motion ; whereof the latter is but one of 
the fix kinds of motion reckoned up by .4ré/to- 
tle and his followers, who call it lation, and 
the former, being all of one uniform nature, is 
according to us diverfified only by the effects 
of local motion. Towards the folving this dif- 
ficulty, I fhall endeavour to fhew, firft, that 
the other catholick affections of matter are ma- 
nifeftly deducible from local-motion: and next, 
that thefe principles being varioufly affociated, 
are fo fruitful, that a vaft number of qualities 
and other phenomena of nature may refult 
from them. 

THE firft of thefe will not take us up much 
time to make out. For fuppofing, what is evi- 
dent, that the (1) local-motion belonging to 
fome parts of the univerfal matter, does not all 
tend the fame way, but has various determina- 
tions in feveral parts of that matter; it will 
follow, that by local-motion thus circumftanced, 
matter muft be divided into diftinét parts ; 
each of which being finite, muft neceffarily be 
of fome (2) bignefs or fize, and have fome de- 
terminate (3) fhape or other. 

Aw p fince all the parts of the univerfal mat- 
ter are not always in motion, fome of them 
being arrefted by their mutual implication, or 
having transferred (as far as our fenfes inform 
us) all that they had to other bodies, the con- 
fequence will be, that fome of thefe portions of 
the common matter will be, in a ftate of (4) 
reft (taking the word in the popular fence of 
it.) And thefe are the moft primary and fimple 
affections of matter. 

Bur becaufe there are fome others, that how 
naturally from thefe, and are, though not al- 
together univerfal, yet very general and preg- 
nant; I fhall iubjoin thofe, that are the moft 
fertile principles of the qualities of bodies and 
other phenomena of nature. 

Moreover, then, not only the greater 
fragments of matter, but thoie leffer ones, 
which we therefore call corpufcles or particles 
have certain local refpects to other bodies, and 
to thofe fituations, which we denominate from 
the horizon; fothat each of thefe minute fray- 
ments may have a particular (5) pofture, or 
pehtion (as ereét, inclining, horizontal, &c.) 
and as they refpe¢t usmen, that behold them, 
there may belong to them a certain (6) order 
or confecution, upon whofe fcore we fay one 
is before or behind another; and many of 
thefe fragments being affociated into one mafs 
or body, have a certain manner of exifting to- 
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gether, which we call (7) texture, or by a word 
more comprehenfive, modification. And be- 
caufe there are very few bodies, whofe contfti- 
tuent parts, can, becaufe of the irregularity or 
difference of their figures, and for other rea- 
fons, touch one another every where fo exqui- 
fitely, as to leave no intervals between them, 
therefore almoft all-confiftent bodies, and thofe 
fluid ones, that are made up of groffer parts, 
will have (8) pores in them, and very many 
bodies having particles, which by their {fmall- 
nefs, or their loofe adherence to the bigger, or 
more ftable parts of the bodies they belong 
unto, are more eafily agitated and feparated 
from the reft by heat and other agents; there- 
fore there willbe great ftore of bodies, that will 
emit thofe fubtle emanations, thatare common- 
ly called (9) effluviums. And as thofe con- 
ventions of the fimple corpufcles, that are fo 
fitted to adhere to, or be complicated with one 
another, conftitute thofe durable and uneafily 
diffoluble cluiters of particles, that may be called 
the primary concretions or elements of things : 
fo thefe themfelves may be mingled with one 
another, and fo conftitute compounded bodies ; 
and even thofe refulting bodies may by being 
mingled with other compounds, prove the in- 
eredients of decompounded bodies; and fo 
afford a way, whereby nature varies matter, 
which we may call (10) mixture, or compofi- 
tion ; not that the name 1s fo proper as to the 
primary concretions of corpufcles ; but becaufe 
it belongs to a multitude of affociations, and 
feems to differ from texture, with which it 
hath fo much affinity, as perhaps to be redu- 
cible to it, in this, that always in mixtures, 
but not ftill in textures, there is ‘required a he- 
terogeneity of the component parts, And eve- 
ry diftinct portion of matter, whether it be a 
corpufcle or a primary concretion, or a body 
of the firft, or of any other order of mixts, is 
to be confidered, not as if it were placed in 
vacuo, nor as if it had relation only to the 
neighbouring bodies, but as being placed in 
the univerfe, conftituted as it is, amongft an 
innumerable company of other bodies, where- 
of fome are near it, and others very remote, 
and fome are great and fome {mall, fome par- 
ticular and fome catholick agents, and all of 
them governed as well by (11) the untverfal 
fabrick of things, as by the laws of motion 
eftablifhed by the author of nature in the 
world. 

Anp now, Pyropbylus, that we have enu- 
merated 1 very general affections of matter, 
which with itfelf make up 12 principles of 
variation in bodies ; let me on the behalf of 
the corpufcularians apply to the origine of 
qualities a comparifon of the old atomifts im- 
ployed by Lucreézus, and others, to illuftrate 
the production of an infinite number of bodies, 
from fuch fimple fragments of matter as they 
thought their atoms to be. For fince of the 
24 letters of the alphabet affociated feveral 
ways, as to the number and placing of the let- 
ters, all the words of the feveral languages in 
the world may be made; fo, fay thefe natura- 
lifts, by. varioufly connecting fuch and fuch 
numbers of atoms, of fuch fhapes, fizes, and 
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motions, into maffes or concretions, an innu- 
merable multitude of different bodies may be 
formed. Wherefore, if to thofe four affections 
of matter, which I lately called the moft prima- 
ry and fimple, we add the feven other ways, 
whereby, or on whofe account, it may be al- 
tered, that are, though not altogether, yet al- 
moft as catholick, we fhall have eleven prin- 
ciples fo fruitful, that from their various affo- 
ciations may refult a much vafter multitude of 
phznomena, and among them of qualities, 


' than one, that does not confider the matter at- 


tentively, would imagine. And to invite you 
to believe this, I fhall defire you to take no- 
tice of thefe three things. 

THe firft is, that fuppofing thefe ten prin- 
ciples were but fo many letters of the alphabet, 
that could be only put together in differing 
numbers, and in various orders; the combi- 
nations and other affociations, that might be 
made of them, may be far more numerous 
than you your felf willexpect, if you are not ac- 
quainted with the way of calculating the num- 
ber of differing affociations, that may be made 
between ten things propofed. The beft way 
I know of doing this is by algebra or fymboli- 
cal arithmetick, by which it appears, that of fo 
few things fo many («) affociations may be made, 
each of which will differ from every one of the 
reft, either in the number of the things affo- 
ciated, or in the order wherein they were 
placed. 

But (which 1s the fecond thing to be taken 
notice of) each of thefe ten producers of phe- 
nomena admits of a fcarce credible variety. 
For not to defcend fo low as infenfible corpuf- 
cles (many thoufands of which may be requi- 
fite to conftitute a grain of muftard feed) what 
an innumerable company of different bigneffes 
may we conceive between the bulk of a mite, 
a crowd of which is requifite to weigh one 
grain, and a mountain, or the body of the 
fun, which aftronomers teach us to be above 
an hundred and threefcore times bigger than 
the whole terreftrial globe? 

AnD fo though (g) figure be one of the moft 
fimple modes of matter; yet it is capable 
partly in regard of the furface, or furfaces of 
the figured corpufcles (which may confift of 
triangles, {quares, pentagones, &c.) and partly 
in regard of the fhape of the body itfelf, which 
may be either flat like a cheefe, or lozenge ; 
or fpherical like a bullet ; or elliptical, almoft 
like an egg; or cubical like a dye; or cylin- 


drical like a rowling-ftone ; or pointed lke a 


pyramid, or fugar-loaf: figure I fay, though 
but a fimple mode, is, upon thefe and other 
{cores, capable of fo great a multitude of dif- 
ferences, that it is concerning them, and their 
affections, that Euclid, Apollonius, Archimedes, 
Theodofius, Clavius, and later writers than he, 
have demonftrated fo many propofitions. And 
yet all the hitherto named figures are almoft 
nothing to thofe irregular fhapes, fuch as are 
to be met with among rubbifh, and among 
hooked and branched particles, 8c. that are to 
be met with among corpufcles and bodies 5 
moft of which have no particular appellations, 
their multitude and their variety having kept 
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men from enumerating them, and much more 
from particular naming them. 

To which let me add, that thefe varieties of 
ficure and fhape do alfo ferve to modify the 
motion, and other affections of the corpufcle 
endowed with them, and of the compounded 
body, whereof it makes a part. 

Anp that the (+) fhape and alfo fize of bodies, 
whether fmall or great, may exceedingly di- 
verfify their nature and operation, I fhall often 
have occafion to manifeft, and therefore I fhall 
now only give you a grofs example of it; by 
inviting you to confider, how many differing 
forts of tools and inftruments, almoft each of 
them fit for many different operations and ufes, 
fmiths, and other not the nobleft fort of tradef- 
men, have been able to form out of pieces of 
iron, only by making them of differing fizes, 
and giving themi differing fhapes. For when 
I have named bodkins, forks, blades, hooks, 
{ciffars, anvils, hammers, files, rafps, chiffels, 
fravers, ifcrews, vices, faws, borers, wires, 
drills, &c. when (I fay) I have named all thefe, 
I have left a-far greater number undermen- 
tioned. : 

So likewife (9) motion, which feems fo fimple 
a principle, efpecially in fimple bodies, may 
even in them be very much diverfified. For 
it may be more or lefs fwift, and that in an 
almoft infinite diverfity of degrees. It may be 
{imple or compounded, uniform,- of difform, 
and the greater celerity may preceed or follow, 
The body may move in a ftreight line, ‘or in a 
circular, or in fome other curve line, as ellip- 
tical, hyperbolical, parabolical, &c. of which 
ceometricans have defcribed feveral, but of 
which there may be in all I know not how 
many more ; or elfe the body’s motion may be 
varied according to the fituation, or nature of 
the body it hits againft, as that 1s capable of 
refleGting it, or refracting it, or both, and 
that after feveral manners: the body may alfo 
have an undulating motion, and that with 
{maller or greater waves; or may have a ro- 
tation about its own middle parts; or may 
have both a progreffive motion, and a rota- 
tion, and the one either equal to the other, or 
fwifter than it, in almoft infinite proportions. 
As-to the determination of motion, the body 
may move directly upwards, or downwards, 
decliningly, or horizontally, eaft, weft, north, 
or fouth, &c. according to the fituation of the 
impellent body. And befides thefe and other 
modifications of the motion of a fimple cor- 
pufcle or body, whofe phenomena or effects 
will be alfo diverfified,- as I partly noted alrea- 
dy, by its bulk, and by its figure: befides all 
thefe, I fay, there will happen a new and great 
variety of phzenomena, when divers corpul- 
cles, though primogenial, and much more if 
they be compounded, move at once, and fo 
the motion is confidered in feveral bodies. For 
there will arife new diverfifications from the 
greater or leffer number of the moving corpul- 
cles; from their following one another clofe, 
or more at diftance ;.from the order, wherein 
they follow each other; from the uniformity 
of their motion, or the confufednefs of it; 
from the equality, or inequality of their bulk, 


and the fimilitude or diffimilitude of their f- 
cures; from the narrownefs or wideneis, &c. 
of the channel or paffage, in which they move, 
and the thicknefs, thinnefs, pores, and the 
conditions of the medium, through which they 
move; from the equal or unequal celerity of 
their motion, and force of their impulfe: and 
the effects of all thefe are variable by the differ- 
ing fituation and ftru€ture of the {entories, or 
other bodics on which thefe corpufcles beat. 

Wuart we have elfewhere faid, to fhew that 
local motion is, next the author of nature, the 
principal agent in the production of her pheno- 
mena, may I hope fatisfy you, that chefe diver- 
fities in the motion of bodies may produce 2 
{trange variety in their nature and qualities. 
And as I Jately did, fo I fhall now adumbrate 
iny meaning to'you, by defiring you to apply 
to our prefent purpofe what you may familiarly 
obferve in mufick, For according as the 
firings, or other inftruments of producing 
founds, do tremble more or lefs fwiftly, they 
put the air into a vibrating motion more or lefs 
brifk, and produce thofe diverfities of founds, 
which muficians have diftinguifhed into notes, 
which they have alfo fubdivided, and whereto 
they have given diftinét names. And though 
the bodies, from whence thefe founds proceed, 
may be of very differing (©) natures ; as metalline, 
as wire, gutftrings, bells, humane voices, wooden 
pipes, &c. yet provided they put the air into 
the like waving motion, the found and even 
the note will be the fame: which fhews how 
much that greater variety, which may ‘be taken 
notice of in founds, is the effeét of local motion. 
And if the found come from an inftrument, as 
a lute, where not only one ftring hath its proper 
found, but many have among them feveral de- 
grees of tenfion, and are touched, fometimes 
thefe, fometimes thofe, together; whereby 
more, or fewer, or none of their vibrations 
come to be coincident, they will fo ftrike the 
air, as to produce, fometimes thofe pleafing 
founds we call concords, and fometimes thofe 
harfh ones we call difcords. 

Ir would take up too much time to infift up- 
on each of the ten remaining affections of mat- 
ter, that I lately enumerated and reprefented to 
you as exceeding fertile; and by what I elfe- 
where deliver about pores alone, and the many 
forts of phzenomena, in which they may have an 
intereft, I could. add no fmall confirmation to 
what has been hitherto difcourfed ; if the infert- 
ing of it here would not enormoufly increafe the 
bulk of this paper, which I rather decline doing; 
becaufe what has been already faid of thofe we 
have now, though we have but very breifly 
treated of, may, I hope, be fufficient to perfwade 
you, that fuch principles as thefe are capable of 
being made far more pregnant, than one would 
expect fo few principles fhould be. And this 
perfuafion will be much facilitated, if we confi- 
der, how great a variety may be produced, not 
only by the diverfifications, that each fingle prin- 
ciple (upon the fcore of the attributes that may 
belong to it) is capable of ; but much moré 
by the feveral (5) combinations, that may be 
made of them, efpecially confidering withal, 
that our external and internal fenfes are fo con- 
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ftituted, that each, or almoft each, of thofe 
diverfifications or modifications may produce 
a diftinét impreffion on the organ, and a cor- 
refpondent perception in the difcerning faculty ; 
many of which perceptions, efpecially if dif- 
tinguifhed by proper names, belong to the lift 
of particular qualities. 


CHAP. IV. 


HE third and laft difficulty, that now re- 
mains to be confidered, may be thus pro- 
nee that whereas, according to the copufcu- 
arian hypothefis, not only one or two qualities, 
but all of them proceed from the bignefs, and 
fhape, and contexture of the minute parts of 
matter, it is confonant to their principles, that 
if two bodies agree in one quality, and fo in 
the ftructure, on which that quality depends, 
they ought to agree in other qualities alfo; fince 
thofe do likewife depend upon the ftructure, 
wherein they do agree; and confequently it will 
be {carce poffible to conceive, that two fuch bo- 
dies fhould be endowed with fo many differing 
qualities, as experience fhews they may. 

To illuftrate this objection by an example, 
it is pretended, that the whitenefs of froth pro- 
ceeds from the multitude and hemifpherical 
figure of the bubbles it is made up of. And if 
this or any other mechanical fabrick or con- 
texture be the caufe of whitenefs, how comes 
it to pafs, that fome white bodies are inodo- 
rous and infipid, as the calx of harts-horn ; 
others both ftrongly {cented, and ftrongly tafted, 
as the volatile falt of harts-horn or of blood ; 
fome diffoluble in water, as falt of tartar; others 
indiffoluble in that liquor, as calcined harts- 
horn, &c. fome fixed in the fire, as the bodies 
Jaft named ; others fugitive, as powdered fal ar- 
moniack; fome incombuttible, as falt of tartar; 
others very inflammable as camphire. ‘To which 
examples a greater variety of white bodies 
might be added, if it were necefilary. 

Tuts I confefs is a confiderable difficulty 
may puzzle more than a novice in the corpul- 
cularian philofophy: wherefore to do fome- 
what in order to the clearing of it, I fhall re- 
commend to you the four following confidera- 
tions : 

1. Awp firft I fhall confider, that inthe pores 
of vifible and ftable bodies, there may be often 
lodged invifible and heterogeneous corpufcles, 
to which a particular quality, that belongs to 
the body as fuch, is to be referred. Thus we 
fee in a perfumed glove, that in the pores of the 
leather odoriferous particles are harboured, 
which are of quite another nature than the lea- 
ther it felf, and wholly adventitious to it, and 
yet endue it with the fragrancy, for which it is 
prized. Alike example is afforded us in raf- 
berry wine made with claret. For the pleafing 
{mell is imparted to the wine, by the corpufcles 
of the berries difperfed per minima through the 
whole body of it. 

2. Tue fecond thing that I confider is this, 
that oftentimes corpulcles of very differing na- 
tures, if they be but fitted to convene, or to be 
put together after certain manners, which yet 
require no radical change to be made in their 
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effential ftructures, but only a certain juxta- 
pofition or peculiar kind of compoiition 5 fuch 
bodies, I fay, may notwithftanding theireffential 
differences exhibit the fame quality. For in- 
vifible changes made in the minute, and per- 
haps undefcernible parts of a ftable body may 
futfice to produce fuch alterations in its texture, 
as may give it new qualities, and coniequently 
differing trom thofe of other bodies of the fame 
kind or denomination; and therefore though 
there remains as much of the former itructure, 
as is neceflary to make it retain its denomina- 
tion, yet it may admit of alterations fufficient 
to produce new qualities. Thus when a bar of 
iron has ‘been violently hammered, thougi: it 
continues iron ftill, and-is not vifibly altered in 
its texture ; yet the infenfible parts may have 
been putinto fo vehement an agitation, as may 
make the bar too hot to be held in one’s hand. 
And fo if you hammer a long and thin picce of 
filver, though the change of texture will not 
be vifible, it will acquire a fpringinefs, that it 
had not before. And if you leave this ham- 
mered piece of filver a little while upon the 
clowing. coals, and after let it cool, though your 
eye will perchance as little perceive, that the fire 
has altered its texture, as itdid before, that the 
hammer had; yet you will find the clafticity 
deftroyed. 

Ir on the furface of a body there arife or 
be protuberant a multitude of fharp and ftiff 
parts, placed thick or clofe together, let the 
body be iron, filver, or wood, or of what 
matter you pleafe, thefe extant and rigid 
parts will fuffice to make all thefe bodies to. 
exhibit the fame quality of afperity, or rough- 
nefs, 

Anp if all the extant parts of a (phyfical) 
fuperficies be fo depreffed to a level with the 
reit, that there is a co-cequation, if I may fo 
{peak, made of all the fuperficial parts of a 
body ; this is fufficient to deprive it of former 
roughnefs, and give it that contrary quality we 
call fmoothnefs. And if this {moothnefs be 
confiderable exquifite, and happen to the fur- 
face of an opacous body of a clofe and folid 
contexture, and fit to reflect the incident rays 
of light and other bodies unperturbed ; this is 
enough to make it fpecular, whether the body 
be fteel, or filver, or brafs, or marble, or flint, 
or quickfilver, &c. 

Anp fo, as [noted in che laft chapter on 
another occafion, if a body be fo framed and’ 
ftretched, as being duly moved by another 
body to put the air into an undulating motion, 
brifk enough to be heard by us, we call that 
fonorous, whether it be a metalline bell, or 
cut-ftrings, or wires, &c. Nay if waving 
motions, whereinto theair is put by fuch dif- 
fering bodies, be alike, thefe bodies will not on- 
ly in general give a found, but will yield that 
particular degree of found, that men call the 
fame note. 

For here it is to be confidered, that befides 
that peculiar and effential modification, which 
conftitutes a body, and diftinguifhes it from all 
others, that arenot of the fame fpecies, there 
may be certain other attributes, that we call 


extra-effential; which may be common to that 
body 
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body with many others, and upon which may 
depend thofe more external affections of the 
matter, which may fuffice to give it this or that 
relation to other bodies, divers of which rela- 
tions we ftile qualities. 

Or thisI fhall give you an evident example 
in the production of heat. For provided there 
be a fufficient and confufed agitation made in 
the infenfible parts of a body, whether it be 
iron or brafs, or filver, or wood, or, {tone ; 
that vehement agitation, without deftroying the 
nature of the body that admits it, will fit it for 
fuch an operation upon our fenfe of feeling, 
and upon bodies eafy to be melted (as butter, 
wax, &c.) as we call heat. 

Anp fo in the inftance named in the objec- 
tion about whitenefs; it is accidental to that 
quality, that the corpuicles it proceeds from 
fhould be little hemifpheres, For though it 
happen to be fo in water agitated into froth ; 
yet in water frozen to ice, and beaten very 
{mall, the corpufcles may be of all manner of 
fhapes; and yet the powder be white. And 
it being fufficient to the producing of white- 
nefs, that the incident light be reflected copi- 
oufly every way, and untroubled by the reflec- 
ting body, it matters not, whether that body 
be water, or white wine, or fome other clear 
liquor turned into froth, or ice, or glafs, or 
cryftal, or clarified rozin, &c. beaten into 
powder; fince without diffolving the effential 
texture of thefe formerly diaphanous bodies, it 
fuffices, that there be a comminution into grains 
numerous and fmall enough by the multitude 
of their furfaces, and thofe of the air, or other 
fluid, that gets between them, to hinder the 
paffage of the beams of light, and reflect 
them every way, aswell copioufly, as unper- 
turbed. 

PERHAPS it may not be impertinent to add 
to this, that there may be other catholick af- 
feétions of corpufcles, befides the fhape or 
ftructure of them, by virtue whereof aggre- 
gates even of fuch as are (as to fenfe) homo- 
geneous, may exhibit differing qualities: as 
for inftance, they may have fome, when they 
are in a brifk motion, and others, when they 
are but in a languid one, or at reft: as falt 
petre, when its parts are fufficiently agitated 
by the fire inacrucible, is not only fluid but 
tranfparent almoft like water ; whereas when it 
cools again, it becomes a hard and white bo- 
dy; and butter, that is opacous in its moft 
ufual ftate, may be diaphanous when it is 
melted. So I fhall hereafter have occafion to 
fhew you, that a great quantity of beaten ala- 
blafter, which ufually retains the form of a 
movelefs heap of white powder, by being after 
a due manner expofed to heat, obtains, and 
that without being brought to fufion, many of 
the principal qualities of a fluid body. And 
if with good fpiric of mitre, or aqua fortis, you 
filla elafs half full, it will (unlefs it be extraor- 
dinarily deflegmed) exhibit no rednefs, nor ap- 
proaching colourin the veffel: but if you warm 
it 4 little, or caft into it a bit of iron or of fil- 
ver, that it may put the liquor into a commo- 
tion, then the nitrous fpirits devefting the form 
ofa liquor, and afcending in that of fumes, 


will make all the upper part of the glafs look 
of a deep yellow, or a red. 

3. THe third thing I would recommend to 
your confideration is, to reflect on what I pro- 
pofed in the laft foregoing fection, where I 
told you, that in reference to the production 
of qualities, a body is not to be confidered 
barely in itfelf, but as it is placed in, and is a 
portion of the univerfe. But of this fubject I 
have faid fo much in the newly mentioned dif- 
courfe, and in that which you are there referred 
to, that I fhall now only put you in mind, 
that divers of the particulars to be met with in 
thofe difcourfes are applicable to our prefent 
purpofe. 

4. To allthis let me add in the laft place, 
that, as to that part of the grand objection that 
we are clearing, which urges the difficulty of 
explicating upon the corpufcular principles, 
how, for example, the fame body, whofe ftruc- 
ture makes it fhaped fo as to be fit to exhibit 
whitenefs, fhould likewife have divers other 
qualities, that feemed to have no affinity with 
whitenefs. This fcruple, I fay, we may, by 
what we have already difcourfed, be affifted to 
remove; efpecially if we fubjoin another con- 
fideration to it. For if corpufcles without 
Jofing that texture, which is effential to them, 
may (as we have fhewed they may) have their 
fhape, or their furfaces, or their fituation 
changed; and may alfo admit of alterations, 
(efpecially as thefe corpufcles make up an ag- 
eregate or congeries,) as to motion or reft; as 
to thefe or thofe degrees, or other circum- 
{tances of motion ; as to laxity and denfity ot 
parts, and divers other affections; why fhould 
we not think it poffible, that a fingle, though 
not indivifible, corpufcle, and much more an 
agorecate of corpufcles, may by fome of thefe, 
or the like changes, which, as I was faying, 
deftroy not the effential texture, be fitted to 
produce divers other qualities, befides thefe 
that neceflarily flow fromit? Efpecially confi- 
dering (which 1s that I have now to add) that 
the qualities commonly called f{enfible, and ma- 
ny others too, being according to our opinion 
but relative attributes, one of thefe now men- 
tioned alterations, though but mechanical, may 
endow the body, it happens to, with new re-. 
Jations both to the organs of fenfe, and alfo to 
fome other bodies, and confequently may en- 
dow it with additional qualities. 

Ir from good venice or other turpentine 
you gently evaporate, or abftract about a third 
part of its whole weight; you may obtaina 
fine tran{parent, and almoft reddith colophony. 
If you beat this very {mall, it will loofe its co- 
Jour and tran{parency, and will afford you an 
opacous and very white powder. If you ex- 
pofe this to a moderate heat, it will quickly 
and without violence both regain its colour and 
tranfparency, and acquire Huidity. And if, 
whilft it is thus melted, you put the end of a 
quill or reed a little beneath the furface, and 
blow fkilfully into it, you may obtain bubbles 
adorned with very various and vivid colours. 
If when it has loft its fluidity, but whilft it is 
yet pretty warm, you take it into your hands, 
you will find, that it has i that ftate a vifcofity, 
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by vertue of which you may draw it out into 
threads, as you may paft; but as foon as it 
grows quite cold, it becomes exceeding brittle: 
and if whilft it is is yet warm, you give it the 
fhape ofa triangular prifm, and make it of a 
convenient bulk, it will exhibit variety of co- 
lours almoft like a triangular glafs. Whilft this 
colophony is cold, and its parts are not put in- 
to a due motion, ftraws and other light bodies 
may be-held unmoved clofe to it; but if by 
rubbing it a little you put the parts into a con- 
venient agitation, though perhaps without fen- 
fibly warming the colophony, it difplays an 
electrical quality, and readily draws to it the 
hairs, ftraws, &c. that it would not move be- 
fore. All or moft of thefe things you may 
alfo perform, if I miftake not, with clarified 
rofin, though I am not fure it will do fo well. 
To this I fhall add one inftance more, which 
may let you fee, how the fame body, which the 
chemifts themfelves will tell you is fimple and 
homogeneous, may, by vertue of its fhape, and 
other mechanical affections, (for it is a factiti- 
ous body, and that is made by the deftruction 
of a natural one) have fuch differing refpects 
to different fenfories, and to the pores, &c. of 
divers other bodies, as to difplay feveral very 
differing qualities. ‘The example I fpeak of, 
is afforded me by the diftillation of putrefied 
urine. For though fuch urine have already 
loft its firft texture before it come to be di- 
ftilled; yet when it has undergone two or three 
diftillations to deflegm it, the fpirits of it 
fwimming in a phlegmatick vehicle have a 
pungent faltnefs upon the tongue, and a very 
{trong, and to moft perfons an offenfive {mell 
in the noftrils ; and when they are freed from 
the water, they are wont to appear white to 
the eye ; and to very tender parts, as to thofe 
that are excoriated, or to the conjunctiva they 
feel exceeding fharp, and feem to burn almoft 
like a cauftick, not to fay like fire; infomuch 
that I have feen them prefently make blifters 
upon the tongue itfelf, that was not raw or 
fore before they touched it; the fame faline 
particles invifibly Aying up to the eyes prick 
them, and make them water; and invading 
the nofe often caufe that great commotion in 
the head and other parts of the body, that we 
call {neezing. The fame corpufcles, if they are 
much {melt to by a woman in hyfterical fits, 
do very often fuddenly relieve her, and fo may 
be reckosed among the fpecifick remedies of 
that odd and manifold difeafe, which is not the 
only one, in which they are confiderable medi- 
cines, as we have elfewhere declared. The 
fame corpufcles taken into human bodies have 
the qualities, that in other medicines we call 
diaphoretick, and diuretick; the fame parti- 
cles being put upon filings of brafs produce a 
fine blue, whereas upon the blue or purple 
juices of many plants they prefently produce a 
ereen ; being put to work upon copper, whe- 
ther crude, or calcined, they do readily dif- 
folve it, as corrofive menftruums are wont to 
do other metals ; and yet the fame corputcles 
being blended in a due proportion with the 
acid falts of fuch menftruums, have the vir- 
tue to deftroy their corrofivenefs ; and if they 
Vo. IIl. 


- PARTICULAR QUALITIES. 


be put into folutions made with fuch men- 
{truums, they have a power, excepting in very 
few cafes, to precipitate the bodies therein 
diffolved. I might here add, Pyrophylus, how 
the fame particles applied to feveral other bo- 
dies, to which they have differing relations, 
have fuch diftinét operations on them, as may 
intitle thefe faline fpirits to other qualities. 
But to enumerate them in this place were te- 
dious, efpecially having already named fo ma- 
ny qualities refiding in this fpirituous falt; 
which I therefore the rather pitched upon, be- 
caufe being a factitious body, and made out of 
a putrefied one, and fo fimple as to be a che- 
mical falt (which, you know, fpagyrifts make 
one of the three principles of compounded bo- 
dies) I fuppofe you will make the lefs fcruple to 
admit, that it works by virtue ofits mechanical 
affections. Of which to perfuade you the 
more, I fhall add, that if you compound this 
urinous falt with the faline particles of com- 
mon falt (which is alfo a factitious thing, and 
confeffed by chemifts to be a fimple principle 
of the concrete, that yeilds it) thefe two being 
mingled in a due proportion, and fuffered lei- 
furely to combine, will affociate themfelves in- 
to corpufcles, wherein the urinous falt lofes 
moft of the qualities-I have been: afcribing to 
it, and with the acid fpirit compofes, as I have 
often tried, a body little differing from fal ar- 
moniack : which great change can be afcribed 
to nothing fo probably, as to that of the fhape 
and motion (not here to add the fize) of the 
urinous falt, which changes the one, and _ lofes 
a great part of the other by combining with 
the acid fpirits. And to confirm that both 
thefe do happen, I have feveral times flowly 
exhaled the fuperfluous, but not near the whole 
liquor from a mixture made in a due propor- 
tion of the fpirit of urine and that of falt, and 
found, that anfwerably to my conjecture, there 
remained in the bottom a falt, not only far 
more flugeifh than the fugitive one of urine, 
but-whofe vifible fhape was quite differing from 
that of the volatile cryftals of urine, this com- 
pounded falt being generally figured, either 
like combs or like feathers. 

Ir after all this we do either add or incul- 
cate, that the extraeffential changes, that may 
be made in the fhape, contexture and. motion, 
&c. of bodies, that agree in their effential mo- 
difications, may not only qualify them to work 
themfelves immediately after a differing man- 
ner upon differing fenfories, and upon other 
bodies alfo, whofe pores, &c. are differently 
conftituted, but may difpofe them to receive 
other impreffions than before, or receive wonted 
ones after another manner from the more ca- 
tholick agents of nature; if, I fay, we recom- 
mend this alfoto your confideration, what has 
been delivered in the whole difcourfe will I 
hope let you fée, that the fcruple propofed at 
the beginning of it is not fo perplexing a one 
to our philofophy, as perhaps youthen ima- 
gined it. Se 

Tre three difficulties cenfidered partly in 
this, and partly in the two foregoing fections, 
I was the more inclined to take notice of in 


this place, (for in divers other paflages of my 
Y writings 
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writings you will meet with things, that aré ap- 
plicable to the paft difcourfe, and fhould be re- 
ferred thither) partly becaufe the fcruples them 
felves are of great moment, and for otight I 
know have been difcuffed by others’; arid part- 
ly becaufe thefe difficulties relating ii fome fort 
to the corpufculatian hypothefis in thé genéral, 
the clearin& of thtm may both ferve to conitm 


‘ - = + ® . z Ra . ~~ =m 


feveral of thefe things, that have above béen 
written about the orfgin of form arid qualities 
(to which it might therefore have been joined) 
and will be conducive to a clear underftanding, 
arid explicating divers of the particulars that'I 
am about to deliver, and perhaps {éveral-other 
phzenothena of ‘nature. 
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fp act upon others, or difpofed to be aéted on 


manifelt commierce int point of se: or of 
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qualities, that are p 
herent in it, nor of the refpects it has to thofe 


fyftem fo conitituted as our world is, whofe 
fabrick is ftich, that there may be divers un- 
heeded agents, which, by unpércéived a 
may have great operations upon the body we 
confider, and work fuch changes it, and en- 
able it to work. fuch changes on other bodies, 
ds are rather to be afcribed to fome unheeded 
igents, than to thofe other bodies; with which 
the body propofed is taken notice of to have to 


do, So that although if divers bodies, that f 
could name, were placed together in vacuo, or 
removed togethér into fome of thofe imaginary 
fpaces, which divers of the fchoolmen fancy to 
be beyond the bounds of our univerfe, they 
would retain many of the qualities they are now 
endowed with; yet they would not have them 
all: but by being reftored to their former 
places in this world, would regain a new fet of 
faculties (or powers) and difpofitions, which, 
becaufe they depend upon fome unheeded rela- 
tions and impreffions, which thefe bodies owe 
to the determinate fabrick of the grand fyftem 
or world they are parts of, I have, until I can 
find a more proper appellation, thought fit to 
pane their cofmical or their fyftematical qua- 
ities. 

I have in the Origin of Forms touched up- 
on this fubject already, but otherwife than Iam 
now about todo. For whereas that which I 
do principally, (and yet but tranfiently,) take 
notice of, is, that one body being furrounded 
with other bodies, is manifeftly wrought on by 
many of thofe among whom it is placed; that 
which I chiefly in this difcourfe confider, ig 
fhe impreffions, that a body may receive, or 
the power it may acquire, from thofe yulgarly 
unknown, or at leaft unheeded agents, by which 
it is thus affected, not only upon the account 
Of its own peculiar texture or difpofition, but 
by virtue of the general fabrick of the world. 


CHAP, It. 
No though there be feveral of the prand 


mundane bodies, and divers laws and 
cuftoms of nature, which may contribute (more 
or lefs) to the phenomena of the qualities we 
are treating of ; yet becaufe a diftinét and par- 
ticular inquiry into each of them would chal- 
lenge a much longér difcourfe than this fhort 
cftay is to be, and a much abler pen than his 
that writes it; I did not only think it fit to . 
referve what occurs to me about the laws and 
cuftoms of nature, as they concern this fubjeét, 
to another difcourfe, or an appendix to this; 
but to declare to you alfo, that whereas the 
three main bodies, whofe more unobferved ope- 
2 | rations 
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rations and changes have the moft confiderable 
influence on the qualities we are to treat of, are; 
the fubterraneal parts of the globe we inhabit; 
the {tars, whether fixed or wandring, with the 
ether that is about them ; and the atmofphere 
or air we live in;- I forefee, that it will be requi- 
fite for me to aflign the experiments and ob- 
fervations I have collected about thefe three 
{ubjects to other tracts. So that in this effay 
my chief work will be, to take notice to you 
of fome confiderations, that may be introduc- 
tory in a more general way to the clearer 
knowledge of the fubjeét to be difcourfed of. 
To which I may, as time and my occafions 
may, permit, fubjoin fome particuldrs, which; 
though perhaps they do not all of them fo di- 
rectly or properly belong to the {olémnly, pro- 
pofed heads of this difcourfe, yet are not im- 
pertinent to the defign of it; and_on that feore 
may be allowed their places in it... 

Anp leaft you fhould think, that tinder the 
name of cofmical qualities, I fhould introduce 
chimeras into natural philofophy, I muft be- 
times advertife you; that you:;will mect with 
divers particles in the following difcourfe; fit to 
fhew; that thefe qualities are not meerly fiétiti- 
ous qualities; but fuch, whofe exiftence I can 
raaniteft, not only by confiderations not ab: 
furd; but alfo by real experjments.and phyfical 
phenomena, And to prevent miftakes, I 
fhall add, that under the name of catholitk 
and unminded caufes or agents;, I comprehend 
not only. divers invifible portjons af matter, 
but alfo the eftablifhed laws of the tniverfe, 
or that which is commonly called the ordinary 
courfe of nature. And when FE fpeak of un- 
obferved agents or caufés; I do not always. 
mean, that they are. not known or taken notice 
of to be m rerum natura, but, that they are 
not vulgarly confidered or looked. upah; as the: 
caufes of fome particular phaznomengs wherett 
I afcribe to them an intereft or efficiency. | 

Burt before I proceed any farther; 16 will 
not be amifs to intimate in this,place; that the 
things, on which I founded the purpofed no- 
tion of the cofmical attributes of bodies, were 
principally thefe three ; 

_ 1. Tuat there are many bodies, that in 
divers cafes act not, unlefs they be acted on; 
and fome of them act, ejther folely or chiefly, 
as they are acted on by the catholick and un- 
heeded agents, we have been fpéaking of. 

2. THAT there are certain fubtle bodies 
in the world; that are ready to infinuate them- 
felves into the pores of any body difpofed to 
admit their a€tion, or by fome ether way affect 
it, efpecially if they have the concurrence of 
other unobferved caufés and the eftablifhed 
laws of the univerfe. 

3. THaT a body by a mechanical changé 
of texture may acquire or loofe a fitnefs to be 
wrought upon by fuch unheeded agents, and 
alfo to diverfify their operations on it upon the 
{core of its varying texture. 

THese three propofitions I fhall endeavour 
to confirm diftinétly by the enfuing experi- 
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ments and phenomera; but bécaufe divers of 
thefe proofs may each of them ferve to confirm 
more than one of thefe propofitions; and_be- 
caufe the making out of :the two laft; which 
are the moft important (and the leaft probable) 
is the main defign of this difcourfe, I thaff fay 
the lefs to the firft} leaving it for the molt part 
to you; to refer to either of the thrée pro- 
pdfitions what you fhall meet with belonging 


to it in what is faid upon either of the other 
two. 
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O begin ther with the firlt propofition; 

namely, ‘* That there are many bodies: 
“‘ that in divers cafés aét not, unlef§ they be 
** acted on; and fome of them att either Blely 
“* or chiefly; as they are acted on by the catho- 
*¢ lick. and: unheeded agents; we have beéfi 
‘¢ {peaking of :”’ the forrher part of it will, I 
prefume, be eafily granted; it being evident 
by fuch grofs inftances as thefe, that a wedge 
will not cleave a.block, unlef$ it be impelled 
dgainit it by: a hammer (or fome equivalent 
inftrument) nor a Knife attract a needle, unilefg 
it be excited by a magnet. But as to the {é- 
cond; it will not in likelihood be fo readily af- 
fented tos and thetefore having in tranfitd il- 
luftrated it by obferving to you, that concave 
looking-glaffes; and convex burning-glaffes, 
kindle not other- bodies; tunlefs they be enabled 
to do {6 by the réflected or trajected beams of 
the fun, I fhall proceed to proye it by a couple 
ef inftances. av 

THE one iss an iron bar; that hath long 
ftood in a Window, or fome other fit - place. in 
a perpendicular, pofture ; for thoukh this bar 
was not, when it was firft ereéted, enddwed 
with a maghetifm any thing fuperior to that of 
other iron Bats of the like fhape and bignefs, 
yet after it hath very long ftood ih that pofi= 
tions it will by the operations of invifible a: 
gents acquire a farther degree of maghetifm, 
than belonged to it, as 2 bar of iron; and is 
enabled to prodiice fome rhagnetical pheno- 
mena (eMewhere mentioned) that it could not 
before. 

Tut fecond inftance is afforded us by what 
happens to a very flat and exquififely polithed 
piece of marble; for though of itfelf it hath 
no power to help to lift up any other dry body 
that it is laid upon, yet if it come to be {kil- 
fully laid upon another piece of marble as flat 
and fmooth as it, and of a bulk not too un- 
weildy 3 this upper ftone, by virtue of the fa- 
brick of the world, which gives the ambient 
air fluidity and weight, is enabled without any 
Other certient or faftenin& inftrument than im- 
mediate contact, to raife with itfelF (in cafe a 
man lift it up) the lowet marble, though per- 
haps an hundred times heavier than itfelf. 
* [ Whereds, if this laying one of thefe ftones 
upon the other had beeh done iz vacuo, I 
doubt not but no fuch power had thereby 
accrued to the uppermolt of them.]  ~ 

CHAP. 


* See this experimentally proved in the Continuation of the Author’s New Experiments touching the air, experiment 
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ROCEED we now to our fecond pro- 

pofition, which fpeaks to this purpofe ; 
«© That there are certain fubtle bodies in the 
“© world, that are ready either to infinuate them- 
‘< felves into the pores of any body, difpofed 
‘© to admit their actions; or by fome other 
“© way to affect it; efpecially if they have the 
S concurrence of other unobferved caufes, and 
“© the eftablifhed laws of the univerfe.”’ I need 
not take notice on this occafion, that divers of 
the ancient philofophers thought, that there 
was a fubtler body than the common air, and 
called ether ; and that the Cartefians tells us, 
that there is fuch a fubftance diffufed through- 
out the univerfe, which they call, according to 
the differing fizes of its parts, fometimes pri- 
mum elementum, and fometimes materia caleftis, 
to which they attribute the ufe of pervading 
all other bodies, and adequately filling thofe 
pores of theirs, that are correfpondent in big- 
nefs and figure to the differing portions of this 
infinuating matter. That there may be fuch a 
fubftance in the univerfe, the afferters of it will 
probably bring for proofs feveral of the phe- 
nomena I am about to relate. But whether 
there be, or be not in the world any matter, 
that exactly anfwers to the defcriptions they 
make of their firft and fecond elements, I fhall 
not here difcufs; though divers experiments 
feem to argue, that there is in the world an 
ethereal fubftance very fubtle and not a little 
diffufed. But though thefe things feem, as I 
was faying, probable enough; yet the invifible 
agents, I fhall here chiefly, though not only, 
take notice of, will be the air (as it hath a 


weight and f{pring) and the magnetical effluvia: 


of the terreftrial globe. 

Ir you take a bar of iron, or rather of fteel, 
and another like it of filver, and having heated 
each of them red hot, and put them to cool 
directly north and fouth; though they be both 
afted upon by the fame agent, the fire, and 
the fteel, as to fenfe, feems fuch as it was be- 
fore, yet the texture of thefe two metals being 
different, the filver acquires no new quality by 
what hath been done to it, whereas the igni- 
tion of the fteel having opened its pores, and 
made its parts more pliable (as may be argued 
from the {welling of iron heated red hot, and 
its foftnefs under: the hammer) it is eafily, 
whilft in this ftate it lies north and fouth, 
pervaded by the magnetical effluvia of the 
earth, which glide perpetually through the air 
from one pole to another, and by the paffage 
of thefe {teams it becomes endowed with a 
magnetical property, which fome call polarity, 


whereby being freely fufpended and exattly. 


poifed, it will, as it were, fpontaneoufly direct 
itielf towards the north and fouth, and exer- 
cife {ome operations peculiar to magnetical bo- 
dies. And that it may feem the lefs ftrange, 
that I fhould afcribe to fo grofs and dull a body, 
as the earth, the power of invifible communi- 
cating to iron a magnetical virtue, which is 
thought to be of fo fpiritual a nature; I fhall 
put you in mind of an experiment, that I ac- 


quainted you with divers years ago, about the 
earth’s power to impart, in fome cafes, without 
the help of a loadftone, a directive faculty to the 
loadftone itfelf. For, having by ignition de- 
prived an oblong magnet of its former attrac- 
tive power, by taking it red hot out of the fire, 
and fuffering it to cool north and fouth, I could 
at pleafure, by placing either end northward 
or fouthward, whilft the ftone was refrigerating, 
make what end I had a mind to, point to the 
north pole ; and when it had done fo, I could, 
by a new ignition and refrigerating of it in a 
contrary pofition, make the fame end of the 
{tone become its fouthern pole. 

Ir you take a capacious glafs vial with a 
flender neck, ending in a fharp angle, with only 
a pin-hole left open at the apex, (inftead of 
which veffel, Hero’s egg, as fome call it, 
though far {maller, and without fuch a neck 
may ferve turn) and by fuction or otherwife 
free it from as much of the included air as you 
can ; and if then having ftopped this hole with 
your finger, you immerfe it fomewhat deep 
under water, and, laftly, withdraw your finger ; 
the water will, contrary to its own nature (as 
is vulgarly conceived) fpring up with violence, 
and to a good height into the cavity of the 
vial; which motion of a heavy liquor upwards 
cannot be afcribed to the motion of the finger ; 
for that did but unftop the orifice, and not im- 
pel up the water ; nor need be attributed to 
nature’s abhorrence of a vacuum, which (whe- 
ther there be fuch a thing or not) it is altoge- 
ther unneceffary to have recourfe to in this 
cafe; the preffure of the ambient air, pro- 
ceeding from its weight upon the furface of the 
water, being fufficient to force up that liquor 
into the vial, in which the remaining air, by 
being rarefied, upon the fcore of the abfence 
of that which was taken out, hath its {pring 
too much weakened to be able to refift the 
preflure of the outward air, as it formerly 
could do; whereas, if this experiment were 
tried in vacuo, the water would not be raifed, 
there being no outward. agent to impel it up. 


CHAP. V. 


HAD fometimes the curiofity to confider 
| beans and peafe pulled up out of the ground 
by the ftalks, in order to an inquire into their 
germination; and after having taken notice of 
their tumidnefs upon their having imbibed the 
moifture of the foil, and of their way through 
the ambient earth not only upwards with their 
{tems, but downwards with their tender roots; 
I thought fit to try, with what ftrength and 
force the caufes of their intumefcence endea- 
voured to dilate them. Whereupon I filled 
with a quantity of fuch dry beans, as are in 
England wont to be given to horfes, feveral 
vials and bottles, fome of glafs, and fome of 
earth, whereof two or three were of a confi- 
derable f{trength: which done, the intervals 
between the beans were filled with water, and 
the veffels were exactly ftopped with corks 
{trongly tied down with ftrings, that nothing 
might get out ; for I fuppofed, that the water 
foaking into the pores of the beans, would al- 

ter 
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ter the figure of the pores, and produce in 
them an endeavour to {well ; waich being 
checked by the fides and {topples of the veffels 
would difcover, whether that endeavour were 
fo forceable as I fufpected. The fuccefs was, 
that moft of thefe veffels (for in one or two 
of them we found the ftrings broke, that 
withftood the raifing of the ftopples) whether 
of glafs or earth, were burft in funder. 

Bu T_ being defirovs to make a nearer efti- 
mate, how great this expanfive force of the 
fwelling beans was, we put a convenient quan- 
tity of them into an hollow, but {trong cy- 
linder of brafs, which I had caufed to be pur- 
pofedly made for fuch kind of trials, whofe 
cylindrical cavity was juft fix inches in length, 
and two in diameter: then having put in wa- 
ter enough to reach the top of the beans, we 
put into the upper part of the cylinder, which 
was purpofedly left unfilled, a wooden plug, 
made fit for the orifice, by being turned into 
a cylindrical form, and a little narrower than 
the orifice, that it might move freely up and 
down, though the water fhould make it fome- 
what {well. Upon the top of this plug, on 
which leaned a broad and thick piece of wood, 
fhaped like a round trencher, and made of the 
fame piece with the plug, was placed a com- 
mon half hundred weight of lead, which yet 
could not deprefs the plug too low, being hin- 
dered by the breadth of the trencher, made as 
well to prevent the too great depreffion of the 
plug, as to afford a convenient bafis to the 
weight. lLaftly, having kept the cylin- 
der in a quiet place for a fit fpace of time 
(which is in fuch trials fometimes two or three 
days, fometimes more or lefs according to the 
temperature of the air, and quantity of the in- 
cluded matter,) we obferved, as I expected, 
that the {welling beans had very- manifeftly 
heaved up the plug, and the incumbent weight 
beyond the former ftation. And I fufpected, 
that if we had had fmall weights (of a pound 
or two a piece) conveniently fhaped, a hea- 
vier weight might have been raifed by the fame 
force. 

Ir is not neceffary in this place, that I 
mention feveral particulars relating to the ex- 
periment, as how it fucceeds in corn ground 
and unground, how in dried fruits, as raifins 
and currants, how in dried peafe, (which we 
found to dilate themfelves very ftrongly) and 
what liquors will or will not caufe an intume- 
fcence ; nor fhall I here {peak of divers cir- 
cumftances, that may be taken notice of in 
fuch trials: only I muft not omit this particu- 
Jar, that I had a mind to make fome trial, 
whether the force of fwelling beans, to prefs or 
thruft up the incumbent weight, would not in 
cylinders of different fizes be increafed in fome- 
what near a duplicate proportion to that of the 
diameters, or the areas of the orifices of the 
differing cylinders (becaufe it 1s according to 
the greatnefs of thofe areas, that the force can 
be applied upwards ;) but having not weights 
enough fo fhaped as I needed, I could not 
make fuch an experiment as I defired; but 
thus much however I difcovered in order to 
my purpofe, that the preffure upwards of the 
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drenched beans was very much greater in 
wider cylindrical veffels than in narrower ones : 
for having put a convenient quantity of dried 
beans into a metalline cylinder, that wanted a 
pretty deal of being fo deep as fix inches, and 
was not quite four inches broad ; when the in- 
cluded beans began to fwell, they manifeftly 
lifted up fuch a plug as was lately defcribed 
(but broader) with weights upon it, amounting 
to an hundred pounds or better. 

WHETHER this may pafs for a new phy- 
fical vis movens, I freely leave to you to de- 
termine ; as alfo to confider, whether by me- 
chanical contrivances, fo great a force, as may 
be this way produced, and which flowly and 
filently proceeds, till it hath attained its utmoft 
energy, and may be conveyed into bodies 
without working any effect before the due 
time, may not in fome cafes be made appli- 
cable to ufeful purpofes. 

I fhall not now examine, whether or how 
far the foregoing experiment may confirm the. 
Cartefian hypothefis about their materia /ubti- 
is; nor whether upon the notions, which our 
experiments may fuggeft, we may be enabled 
to explicate the force, wherewith fermenting 
liquors do often break the veffels, wherein 
they are too exactly fhut up; about which 
phenomena, and of fome others of kin to it, 
I elfewhere propofe fome conjectures. 

I think it fitter in this place to take notice 
to you of fomething, that more direétly be- 
longs to our prefent fubject; namely, that 
the air, within which name I here comprife 
the zether, that may be harboured in its pores, 
may in fome cafes, by its conftant prefence, 
and in others, by its being always at hand, and 
its readinefs to infinuate itfelf wherever it can 
get admittance, concur to the production of 
divers phenomena, wherein its co-operation 
has not been fufpected even by philofophers : 
for, not to mention what I have by experi- 
ments purpofely devifed, that the air’s being 
prefent to prefs upon the fuperficies of liquors 
is fo requifite in fuction, that they will not 
thereby be made to afcend without it; and be- 
fides that to the putrefyine of fome bodies 
within the time (or even within ten times the 
time) that nature is wont to putrefy them in, 
they will not be brought to putrefaction, if the 


air be all the while carefully fecluded: befides’ 


thefe things, I fay, I found, [that the light, 
which appears in fome rotten woods, and in 
fome putrefied fifhes, did fo much depend upon 
the prefence of the air, that if that were quite 


withdrawn from them, the light would difap-- 


pear, and when they were reftored to the con- 
tact of the air, they would fhine forth again 
as formerly, But of this elfewhere. ] 


.CHAP. VI 


KNOW not, whether it will be fit to 
add, that befides what the air (with the 
fubtler matter that may be mingled with it) 
may do as a fubftance ; it may perform divers 
things upon other accounts, as its finer parts 
may be, though infenfibly, moved in phyfical 
{trait lines ; or as it is the fubject of fwarms of 
Z corpufcles 
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corpufcles put into peculiar, though invifible, 
motions. For inftance, if I take a fheet of 
paper, and rub it over with ou, or even a fit 
kind of greafe; that, which the lhquor appa- 
rently does, is only to pierce or foak into the 
pores of the paper, which before did by their 
crookednefs, or upon fome other mechanical 
account render the paper opacous. But this 
infinuation of the unctuous body into the 
pores having altered them as to figure, or to 
fize, or to both, and having by that alteration 
given the paper a texture difpofed to allow due 
paffage to the corpufcles of light, or to tranf- 
mit their peculiar kind of impulfe (whence fe- 
veral naturalifts derive light) the motions, as 
I was faying, or invifible corpufcles in the air, 
depending upon the conftitution of the world, 
do prefently act upon the paper, and produce 
beyond it both a fenfation of light, and the 
reprefentations of a multitude of objects, whence 
the light reflects, and which could not be feen 
through it before. 

I need not perhaps tell you, that if a pretty 
large box be fo contrived, that there may be 
towards the one end of it a fine fheet of pa- 
per, ftretched like the leather of a drum-head, 
at a convenient diftance from the remoter 
end, where there is to be left an hole covered 
with a lenticular glafs fitted for the purpofe, 
you may at a little hole, left at the upper part 
of the box, fee upon the paper fuch a lively 
reprefentation, not only of the motions, but 
fhapes and colours of outward objects, as did 
not a little delight me, when I firft caufed this 
portable darkned room, if I may fo call it, 
to be made. Which inftrument I fhall not 
here more particularly defcribe, partly becaufe 
I fhewed ityou ieveral yearsago, {ince when di- 
verfe ingenious men have tried to imitate mine 
(which you know was to be drawn out or fhort- 
ned like a telefcope, as occafion required) or 
improve the practice; and partly, becaufe 
that, which I pretendedin mentioning of it here 
is, tofhew, that fince that almoit upon every 
turning of the inftrument this way or that way, 
whether it be in the town or open fields, one 
may difcover new objects, and fometimes new 
Jandfcapes upon the paper, there muft be all 
day long in all parts of the air, where this phe- 
nomenon can be exhibited, either certain cfflu- 
via emitted every way from the objects, or cer- 
tain motions of infenfible corpufcles, which 
rebounding firft from the cxternal object, and 
then from the paper, produce in the eye the 
images of thefe objects: fo that the air is every 
where full of vifible fpecies, which cannot be 
intelligibly explicated without the local motions 
of fome minute corpufcles, which, whilft the 
air is enlightened, are always paffing thorough it. 

You may remember, Pyropbilus, that in the 
claufe of the fecond propofition, hitherto dif- 
courfed of, I take in the eftablifhed laws of the 
univerfe, as a part of the prefent conftitution 
of this our world; fome of thofe laws contri- 
buting much to the operation of thofe unheeded 
caufes, we are treating of. Of thefe I may an- 
other time give you fome inftanees; but for the 
prefent it may fuffice to take notice of this one, 
that if you take a bar of iron, and holding it per- 


pendicularly, apply the loweft part of it to the 
northern point of a well-poifed magnetical 
needle, the bar will prefently drive it away: 
but that magnetifm, by which the bar does it, 
as it is preftntly acquired by the pofture which 
it had, fo it is as fuddenly changed, if you in- 
vert that pofture; as appears by this, that though 
you hold the bar perpendicular, if it be held 
under the needle, fo that the fame part of the 
bar, which before was placed dire&tly over the 
north point of the needle, be held directly un- 
der the fame point, the bar will not, as before, 
drive it away, but, as they commonly fpeak, 
attract it. But if this bar have been for a long 
time kept in an erected pofture, as if it be 
taken from fome old window, or if, having been 
heated and refrigerated, it have very Jong lain 
north and fouth, it will appear endowed with 
a {tronger and more durable verticity, as we 
ellewhere more fully declare ; which feems to 
proceed from this, that by lying north and fouth, 
it lay in the way, which, according to the efta- 
blifhed laws of nature, the magnetical effuvia 
of the earth muft pafs along in fteams from 
pole to pole; whereby they have the opportu- 
nity by little and little to work upon the pores 
of the iron, that lies in their way, and fit them 
to give paffage to the efuvia of magnetical bo- 
dies ; in which fitnefs feems principally to con- 
fiftthe magnetifm of iron: whereas, if this 
metal had all this while lain eaft and weft, in- 
ftead of north and fouth, it would have ac- 
quired little or no magnetical virtue. And the 
reafon, why an erected pofture gives a rod or bar 
of iron a power to drive away the north point 
of the needle, has been probably conceived to 
be this, that the lower end being nearer the 
earth does more plentifully participate of the 
magnetick {teams, which fly in a clofer order 
there, than further off, and by powerfully at- 
fecting that part of the iron, turn it, for a time, 
into the iron’s north pole, which according to 
the laws magnetical ought to drive away the 
north pole of the needle, and attraét the fouth ; 
whereas, if the bar being inverted, that end, 
which was uppermoft, becoming the lower, 
muft for the fame reafon have acontrary opera- 
tion, unlefs by having long ftood, its verticity 
be too well fettled to be fuddenly deftroyed or 
altered by the effluvia of fo languid a magnet 
asthe earth. But whether or no this explica- 
tion be the right one (for I would not contend 
for its being fo) it appears, by the requifitenefs 
both of a determinate pofition of the iron, and 
of its long continuance in that pofition, to make 
that metal acquire a durable verticity, that 
thofe unheeded magnetical fteams, which com- 
municate {uch a magnetifmto the iron, move 
ancl act according to laws eftablifhed in nature : 
which is as much as my defign in this difcourfe 
makes neceflary to be made out. 
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T remains now, that we difcourfe of the 
laft of our three grand propofitions, namely, 

‘© That a body by a mechanical change of 
‘* texture may acquire or lofe a fitnefs to be 
‘* wrought upon by fuch unheeded agents, 
3 “© and 


Chap. VII. 


Chap. VU. 


«¢ and alfo to diverfify their operations on it 
‘¢ upon the fcore of its varying texture.” 

THIs propofition is of fo much affinity with 
the foregoing, that there are divers cafes, 
wherein the fame experiments and other 
arcuments may ferve for the confirmation of 
both. 

BuT to illuftrate a little what I mean, by 
srofs and fenfible examples, it is a cuftom we 
often obferve at fea, when we fail with to flack a 
wind, to take up water with certain inftruments, 
and throw it againft the fails. At the firft pro- 
pofal, this may feem a very improper way to 
promote the {wiftnefs of the fhip, fince there 
is the weight of fo much water added to that 
of the veffel itfelf ; but yet I have feen the fea- 
men make ufe of it as one of their beft expe- 
dients, when we were clofely chafed by pirates, 
nor did Ilook upon it as irrational ; for whereas, 
when the fails are dry, a good part of the wind, 
that blows upon them, eafily gets thorough thofe 
mefhes or great pores, that are left between the 
threads of which a fail confifts; when it comes 
to be wetted, the imbibed water makes the 
threads {well every way, and confequently very 
much ftreightens the pores or intervals, that 
were formerly left between them; by which 
means the wind cannot permeate them as freely 
as formerly, but by finding a greater refiftance 
in the fail comes to beat more forcibly upon it, 
and confequently drives it, and with it the 
fhip, more ftrongly on, than elfe it would 
have done : not to mention the ftiffnefs of the 
fail acquired by the imbibed fea-water, becaufe 
I would not ftay to take notice of other parti- 
culars, to which the fuccefs of this practice may 
perhaps be in part afcribed. 

To add another inftance to the fame purpofe 
with the former; fuppofe an high wind to blow 
acainft achamber, wherein the windows and 
doors are all fhut, the effect will be only, to 
fhake a little the room in general : but if one 
open the cafement, though he, that does it, do 
properly and immediately but difplace fome lit- 
tle piece of the iron, or other thing, that fhuts 
the window, yet thisbeing donein a place, where 
there is a {trong current of air, which we call 
a wind, there’ will prefently follow a blowing 
up of curtains or hangings, and blowing about 
ot duft, ftraws, feathers, or other light bodies, 
that are not firmly enough faftened, nor very 
ponderous, and yet are too heavy to be blown 
about. 

Bur to proceed to inftances, that are not fo 
grofs, I might take notice, that though good 
common tartar does ufually of it felf keep dry 
in the air, nay, and will not eafily be diffolved 
in cold water; yet if it be calcined, though 
but very moderately, the falt in the remaining 
coal, the texture being now altered, will readi- 
ly enough in the moift air (as that of a cellar) 
run into that liquor, that chemifts have been 
pleafed to call oil of tartar per diliquium. But 
in regard that to make the change the greater, 
part of the tartar muft be driven away by the 
fire, I fhall rather make ufe of an example ea- 
lily drawn from an experiment, I elfewhere 
mentioned to another purpofe ; for having 
taken a loadftone, and according to the way 
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there delivered, heated itand cooled it, though 
it had loft fo little by the fire, that the eye: 
took no notice of its being changed either as to 
fhape or bulk, yet the operation of the fire, 
by changing the invifible texture, did fo di- 
verfly alter the difpofition of it in reference to 
the magnetical efluvia of the earth, that I 
could prefently and at pleafure change and re- 
alter the poles of the ftone, making the fame 
end point fometimes to the north and fome- 
times to the fouth. The like change of ver- 
ticity I have, as I elfewhere declare, made 
mere iron capable of, without the help of fire 
or any other magnet than the earth; and I have 
alfo found by trial, that a certain heavy ftone, 
that is ufually thought to be not fo much as of 
a metalline nature, may by a flight and quick 
preparation, that alters not the fhape nor big- 
nefs, be enabled to attract and repel the poles 
of a magnetic needle. : 


CHAP. VII. 


O the inftances already given in folid bo- 

dies it will not be amifs to annex two or 

three in liquid bodies, becaufe it may be thought 
{trange by fome, that confiderable changes of 
texture fhould, . without fire or any new ingre- 
dients, be produced in bodies, which, by reafon 
of their fluidity, feem prefently to recover their 
texture if it be difordered. If honey and wa- 
ter be each of them apart put into a conve- 
nient veffel, they will both of them retain 
their nature; and though you mix them toge- 
ther in an undue proportion, {fo that by reafon 
of overmuch honey the confiftence be too thick, 
or that by being diluted by too great a pro- 
portion of water, the folution of honey be too 
thin, they may continue honey and water: but 


if thofe two liquors be duely iy olga (as 


if you put to one part of honey four or five of 
water) then their new texture fo difpofes them 
to be acted on by the fubtle permeating matter, 
or whatever other common agent nature im- 
ploys to produce fermentations, that the ingre- 
dients do no longer continue what they were, 
but begin to work like new muft, or beer- 
wort: and I have tried, that fo {mall and fhort 
a local motion (ascarrying fuch mrxturesa while 
in acoach) has fo excited the liquor, as to make 
it violently force its way out of the veffel, or 
throw off the ftopple, that I have wondered at 
it. And I remember, that an eminent mer- 
chant of wines, who fpent divers years in the 
Canaries, being afked by me about fome things 
of this nature, affured me, that in thofe fortu- 
nate iflands (as the ancients ftyle them) he had 
feveral times obferved, that if a pipe of the 
beft fort of Canary were, when it was about a 
month old, rudely rolled, though but the length 
of an hall ormoderate gallery, fo tranfient and 
flight a difcompofure of the texture would 
quickly make fo great a change in it, that of- 
tentimes a good quantity of wine would be vio- 
lently thrown out at the bung ; or if the pipe 
were too clofe ftopped, that great veffel it felf 
would oftentimes have the bottom beaten out ; 
by which means he had known feveral pipes of 
that rich liquor loft. 

ji WE 
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WE have divers examples of the cracking of 
common glafs, when it istoo foon, after it hath 
been removed from the fire, expofed to the cold 
air, and the fubtle bodies that are in it; which 
would not have cracked it, if it had been cooled 
more flowly, fo that its parts would have had 
leifure to fettle into a texture convenient for the 
paffage of thofe fubtle bodies, which in that 
cafe would harmlefly have permeated it. But 
I have fometimes fhewn the curious a more 
quick and manifeft inftance of the importance 
of the prefent texture of a body in reference 
to the catholick and invifible caufes, that may 
work upon it. For having taken a plate of fo 
ponderous and folid a body as eopper, and 
heated it red hot, and then fuffered it to coola 
while upon fome more moderately hot place in 
the fire, though it did not appear at all ignited, 
when I removed it to a plate, or even to a fheet 
of paper; yet upon its being expofed to the 
atmoiphere, the fuperficial part would not only 
crack as in over haftily cooled glafs, but would, 


and that prefently, fly off in flakes in good 
number, and not without noife ; fo that in 2 
fhort time I have had the neighbouring part of 
the paper, on which the brafs plate refted, al- 
moft quite covered with little fcales, as it were, 
of that metal. 

AND togive you, in favour of what I have been 
hitherto difcourfing, an inftance of a very fubtle 
nature, I will not, though I juftly might, take 
notice, that in rotten fifh and rotten wood, the 
change of texture is oftentimes invifible, thaz 
will fuffice to make the contact of the air, and 
the fubtle corpufcles, whereto it gives har- 
bour or paffage, confer or lofe a power of 
fhining: but I will rather chufe to inftance in 
the Bolonian ftone, which by calcination ac- 
quires this admired property, that if it be but 
expofed to the fn beams (to which I have 
found other ftrong lights fuccedaneous) it will 
not only in a few minutes acquire a luminouf- 
nefs, but for fome time after retain it in the 
dark. 


COSMICAL SUSPICIONS 


(SUBJOINED AS AN 
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To the DISCOURSE of 


The COSMICAL QUALITIES of THINGS.) 


N the former effay, Pyropbilus, I pro- 
ji pofed to you fome things about the fub- 
ject there treated of, that feemed to have 
in them fuch a degree of probability, as is wont 
to be thought fufficient to phyfical difcourfes, 
or at leaft 1s ufually to be met with in them. 
But in regard the world, whether we take it 
inthe larger fenfe for the whole univerfe, or, 
in the more narrow but not lefs common ac- 
ception, for the globe we men inhabit, is a 
fubject fo vaft, that not only all demonftrable 
truths, that may be difcovered concerning it, 
may be looked upon as important, but even 
conjectures and fufpitions themfelves, that re- 
late to it in general, if they be not very ground- 
lefs or extravagant, may deferve not to be al- 
together paffed by in filence. I will adven- 
ture to entertain you a while with fome 
thoughts of this nature, efpecially becaufe they 
will give me opportunity to alledge in their 
favour fome hiftorical obfervations, which, 
whatever the-doubts or conjectures be thought 
of, may appear to be more new then defpt- 
cable. 
Ir may now therefore be not unfeafonable 
to confefs to you, that I have had fome faint 
fufpicion, that befides thofe more numerous 
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anj uniform forts of minute particles, that are 
by fome of the new philofophers thought to 
compofe the ether I lately difcourfed of; there 
may poffibly be fome other kind of cerpufcles 
fitted to have confiderable operations, when 
they find congruous bodies to be wrought on 
by them. But though it 1s poffible, and per- 
haps probable, that the effects we are conft- 
dering, may be plaufibly explicated by the x- 
ther, as it is already underftood; yet I fome- 
what fufpect, that thofe effeéts may not be due 
folely to the caufes they are afcribed to, but 
that there: may be, as I was beginning to fay, 
peculiar forts of corpufcles, that have yet no 
diftinct name, which may difcover peculiar fa- 
culties, and ways of working, when they meet 
with bodies of {uch a texture, as difpofes them 
to admit, or to concur with the efficacy of 
thefe unknown agents. 

Fars fulptcion of mine will feem the lefs 
improbable, if you confider, that though in 
the zether of the ancients there was nothing 
taken notice of but a diffufed and very fubtle 
fubftance ; yet we are at prefent content to al- 
low, that there is always in the air a fwarm of 
{teams moving in a determinate courfe betwixt 
the north pole and the fouth: which fubftance 

we 
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we fhould not probably have dreamed of, if 
our inquifitive Gilbert had not happily found 
out the magnetifm of the terreftrial globe. 
And few, perhaps, would have imagined, that 
when an hunted and wounded deer has haftily 
paffed over a little grafs, he fhould leave upon 
it fuch determinate, though invifible, efflu- 
viums, as fhould, for many hours, fo impreg- 
nate the air, as to betray the individual flying 
and unfeen deer ; if there were no blood-hounds, 
upon whole peculiarly difpofed organs of {mel- 
ling thefe fteams are fit to operate. And it 
is ftrange, that there fhould be fuch effluvia for 
a long time (perhaps a year or two together) 
refiding in the air, that though our fenfes dif- 
cern them not, and though they have.no ope- 
ration upon other men ; yet if they meet with 
perfons of a peculiar temperament, who by 
that, and by their formerly having had the 
plague, have attained a peculiar difpofition, 
that fits them to be wrought on by peftilen- 
tial {teams, they may fo operate upon them, 
that fome of thefe perfons may be able to dif- 
cern thofe fteams to be peftilential. To give 
fome countenance to which paradox, I will 
here annex two or three teftimonies, the firft 
of which I find thus fetdown among my Ad- 
verfaria. [Above three months before the 
late great plague began in London, in the year 
1665, there came to Dr. MZ. apatient of his, 
to defire his advice for her hufband; and the 
doétor having enquired what ailed him, fhe 
anf{wered, that his chief diftemperwasa {welling 
in his groin, and upon that occafion added, that 
ker hufband affured her of his being confident, 
that the next fummer the plague would be very 
rife in Loudon, for which prediction he gave 
this reafon, that in the laft great plague he fell 
fick of that difeafe; and he then had a peftilen- 
tial tumour. 

So in two other plagues, that fince happened, 
though much inferior to that great one, each: 
of them had a rifing in his body to be its 
forerunner, and now having a great tumour in 
the forementioned place, he doubted not but 
it would be followed by a raging peftilence, 
which accordingly enfued. Having heard 
much talk of fomething of this nature, and be- 
ing this morning cafually vifited by the doc- 
tor, aperfon of great veracity, I enquired of 
him, how much of it was true, and I received 
for anfwer the foregoing narrative. ] 

Tue fecond is a very remarkable ftory, 
which I remember that famous and excellent 
chirurgeon Fabricius Hildanus records of him- 
felf; namely, that having had a peftilential tu- 
mourduringa plague, that happenedin his youth, 
if for many years after he chanced to go to, or 
fo much as to pafs by, an houfe infected with 
the plague, he was admonifhed of the particu- 
lar difeafe, that reigned there, bya fenfible pain 
in that part, where he had had a peftilential tu- 
mour fo long before. 

Tue third teftimony ts afforded me by 
that curious obferverof the changes, that hap- 
pened as to the phenomena of difeafes at the 
famous fiege of Breda, where this diligent 
phyfician, practifing much among patients af- 
ficted with malignant and pettilential difeafes, 

Vou. III. : 


was at length infected himéelf; whereupon he 
informs his readers; Aunotandum hic merito na- 
ture facultatem ad peftis prefervationem n:0- 
menti effe maximi. Obfervavi in meipfo conta- 
minatos invifente fratim inguen dolere vel axillas : 
afficiebatur aliquando caput, noétu inde fudor, &9 
feceffus tres quatuorve. Hoc & aliis accidit, 
qui fideliter mibi retulerunt. 

Ir thefe ftories were related by ordinary per- 
fons of what happened to other men, the odd- 
nefs of them might well tempt a wary man to 
fufpend his judgment: but the judicioufnefS of 
the writers, and the profeflion they were of, 
and their relating thefe as things, that did more 
than a few times happen to themfeives, may 
well be permitted to bring credit to their affer- 
tions. And thefe inftances added to what has 
been already faid, may, I hope, excufe me, if I 
think it not time mifpent, to confider, whe- 
ther there may not be other, and even unob- 
ferved forts of effluvia in the air: to excite 
your curiofity and attention about which, ra- 
ther than to declare a pofitive opinion, is that 
which is pretended to in what has been lately 
mentioned. 

Anp whereas, Pyropbilus, I have in the for- 
mer difcourfe taken in the ftructure and efta- 
blifhed laws of the univerfe, as an help toward 
the giving an account of the cofmical attributes 
of things; I fhall here alfo ingenioufly confefs 
to you, that I much fear, whether we have yet 
attentively enough taken notice either of the 
number, or the kinds of thofe laws. 

For as lam by fome notions and obfeva- 
tions inclined to think, that there may be a 


greater number even of the more gene- 


ral laws, than have been yet diftinétly enu- 
merated ; fo I think, that when we {peak of the 
eftablifhed laws of nature in the popular fenfe 
ofthat phrafe, they may be juftly and commo- 
oully enough diftinguifhed; fome of them 
being general rules, that have a very great 
reach, and are of greater affinity to laws more 
properly fo called, and others feeming not fo 
much to be general rules or laws, as the cuftoms 
of nature in this, or that particular part of the 
world ; of which there may be a greater num- 
ber, and thofe may have a greater influence on 
many phasnomena of nature, than we are wont 
to imagine. 

Awnp firft, whereas the ftructure of the world 
isa main help in our prefent difquifition; I 
fhall venture to tell you, that though I do not 
only commend, but in divers cafes admire, the 
induftry of aftronomers and geopraphers, efpe- 
cially of fome later ones; yet they have not met 
with fuch difficulties, that they have hitherto 
prefented us, rather a mathematical hypothefis 
of the univerfe, than a phyfical, having’ beeri 
careful to fhew us the magnitudes, fituations, 
and motions of the: grear globes, fuch as the 
fixed {tars and the planets (under which one 
may comprife the earth) without being follici- 
tous to declare what fimpler bodies, and what 
compounded ones, the terreftrial globe we in- 
habit does, or may confift of. And as of late 
years the difcovery of the four planets about 
Jupiter, and the little moon (as fome cail ig) 
that moves about Saturn, together with the 
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phenomena of comets, have obliged the fkil- 
ful to alter civers things in the theory of ccle- 
{tial bodies : fo I know not, but that future dif 
coverics by improved telefcopes and other phi- 
Jofophical inftruments may reduce us to make 
changes in the grand fyftem of the univerte 
irfclf, and in that which we confider as the 
moft important of the mundane bodies to us, 
the terraqueous globe we live on. 

WHAT communication this may have with 
the other globes we call ftars, and with the 
interftellar parts of heaven, we have very little 
knowledge of, though I may clfewhere make 
it probable, that there may be fome commerce 
or other: but without fpeaking more particu- 
larly of that point, I confefs I have fome time 
{ufpected, that there may be in the terreftrial 
globe ittelf, and the ambient atmofphere, di- 
vers, whether laws or cuftoms of nature, that 
belong to this orb, and may be denominated 
from it, and feemed to have been either un- 
known to, or overfeen by both fcholaftical and 
mathematical writers. And firft, I have often 
fulpected, whether there may not be in the 
mafs of the earth fome.great, though flow 
internal change (whether originated there, or 
produced by the help of other mundane globes) 
by confidering, that almoft in all countries, 
where obfervations have been made, there has 
been a plain and confiderable alteration found 
in that, which is commonly called the variation 
(for it is rather the declination) of the fea 
compafs or magnetick needle, which is the 
diftance, by which the needle declines eaft or 
weft from the true north pole. And whereas 
formerly, at or * near London the compafs de- 
clined, as obfervations folemnly made, and 
upon record affure us, in the year 1580, above 
11 degrees; in the year 1612, above 6 de- 
grees ; in the year 1633, no lefs than about 4 
degrees; it has of late been found to have very 
little or no variation. And ata place within 
half a league of Loudon, trying with a long and 
curious needle purpofely made and poifed, I 
could fcarce difcern any declination at all, and 
if the needle declined fenfibly any way from 
the pole, it feemed to do foa little towards the 
other fide of heaven, than that towards which 
it did decline before. And having + after- 
wards by the help of a meridian line, much 
prized for having been accurately drawn by 
eminent artificers, made an obfervation in 
London itfelf ; though I made it with two in- 
{truments, whereof one was a choice one, dif- 
tering from the former, and from one another ; 
I could not fatisfy myfelf, that I could difcern 
the declination of the needle to exceed half a 
degree, if it amounted to fo much. But fince 
obfervations of this kind may prove more con- 
fiderable than we yet know of, and fince they 
ought to be made at diftant places, I am con- 
tented to add here, by way of confirmation, 
that the Cape of Good Hope being one of the 
eminenteft parts of the terreftrial globe in re- 
ference to magnetifms, the acquaintance I had 
with one of the ancienteft and moft experi- 
enced nayigators of this part of Exrepe, invited 
me to addrefs myfelf to him, purpofely to en- 
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quire of him, whether he had taken the vari- 
ation of the compats at the Cupe cf Good Hope; 
and whether, if ac all, he had taken it more 
than once: he anfwered, that he had often 
done it: whereupon aflang him what he 
fuund the variation to be, and whether he 
had cbtcrved any change of it in his ieveral 
voyages, he rephed, that when he was a 
young feaman, he obferved the variation to 
be about two degrecs weflward, and after- 
wards during many years that he failed to and 
tro betwixt Eeft-India and Europe, he tound 
the variation to encrceale by degrees; and 
whereas he had learned from ancient writings, 
and the tradition of old feamen, that before 
his time, they had found no variation at all, 
he about 15 years ago (which was the laft time 
he took it) found it by accurate initruments, to 
be 6 degrecs and about 48 minutes. So that du- 
ring thetime,that he pra¢tiled the feas about the 
Cape of Good Hope, the variation full welt- 
ward had decreafed near 5 degrees. Upon 
thefe grounds, which I may elfewhere have 
occafion to confirm by further obfervations, I 
cannot but think it probable, that there may 
be agents, that we know not of, that have a 
power to give the internal parts of the terre- 
{trial globe itfelf a motion ; of which we can- 
not yet certainly tell, according to what laws it 
is regulated, or fo much as whether it be con- 
{tantly regulated by certain laws or no. And 
what other changes, agents that can produce a 
change in the terreftrial globe itfelf may make 
in this, or that part of it, who can inform us? 


In the next place, I confider the great un- 


certainty and irregularity, that we have hitherto 
obferved in the weight of the atmofphere by 
our new {ftatical barometers, and much more 
fenfibly by mercurial ones, without yet having 
difcovered the caufes of fuch confiderable alte- 
rations in the air,-(fave that in general they 
proceed for the moft part from fubterraneal 
{teams) whofe influences upon other things 
may be more confiderable, than we have yet 
had opportunity to detect. 

Ir is very remarkable what a late and inge- 


nious writer, that lived in fome of the American Monfieur 
iflands, relates about the hurricanes 1n_ thofe de Roche; 


parts; namely, that before the Europeans came 
thither, the inhabitants obferved, that they had 
thofe fatal tempefts once in feven years and 
no oftener ; afterwards, they were troubled with 
them but once in fix years; and in procefs of 
time, the unwelcome vifits of thofe winds 
grew fo frequent, that in my relator’s time they 
came once a years; and, as a prodigy, they 
once obferved two inone year; and afterwards 
three in another. I remember alfo, that meet- 
ing with an inquifitive gentleman, that had 
lived in New-Ezgland, I defired to know of 
him, whether in that part of the country, where 
he refided, there were not a great change made 
in the very temperature of the climate? where- 
to he anfwered me, that there was, for it was 
srown much milder than formerly: and be- 
caufe I doubted, whether this change might 
not have been, either accidental for a year or 
two, or apparently to the Englifh, whofe bo- 

_ dies 

+ A. D. 1669. 


ore. 


COSMICAL SUSPICIONS. 


dies by degtees might grow more accuftomed 
to the coldnefs of the country, and lefs fenfi- 
ble of it; it was anfwered, that this change 
had been obferved for many years after the 
Englifh had planted a colony there, and that 
the change was manifeftly perceived by the 
natives too, by the remiffer operation of the cold 
upon running and ftanding waters, which were 
formerly wont to be frozen at fuch and fuch times. 
And I fhall add for confirmation, that having 
one day the honour to be ftanding by his ma- 
jefty, when he received a folemn addrefs from 
New-England, delivered by the governor of a 
colony there; that very inquifitive monarch, 
amongft other queftions, afking him about the 
temperature of the air, he told his majefty, 
in the prefence of divers that came from 4- 
merica with him, ‘** that the climate had much 
«¢ altered and loft much of its former coldnefs 
“¢ for divers years, fince the Englifh fettled 
<< there.” 

WHETHER this decrement of the fharpnefs 
of the air will proceed, or how long it will con- 
tinue, time will difcover. But in the mean 
while, fuppofing with him the matter of fact 
to be true, and that the change depends not on 
any manifeft caufe; that, which 1s happened 
already, feems to me very confiderable, fince 
I have lighted on a book * written by T one of 
the ancient planters of New-England, by way 
of defcription of that country ; where, among 
other things, I find thofe notable pafiages. The 
one in the feventh page: in former times, fays 
he, the rain’came feldom, but very violently, 
continuing its drops, which were great and 
many, fometimes 24 hours togethers, fome- 
times 48, which watered the ground for a long 
time after: but of late the feafons are much al- 
tered, the rain coming oftner, but more mo- 
derately, with lefs thunder and lightnings, and 
fudden gufts of wind. And the other in the 
84th page; where fpeaking of the heathen 
natives, he fays, they acknowledge the power 
of the Englifhman’s God, as they call him, be- 
caufe they could never yet have power by their 
conjurations to damnify the Englifh either in 
body or goods: and befides they fay, he isa 
good God, that fends them fo many good 
things, fo much good corn, fo many good 
cattle, temperate rains, fair feafons, which they 
likewife are the better for fince the arrival of 
the Englifh ; the times and feafons being much 
altered in feven or eight years, free from light- 
ning and thunder, long droughts, fudden and 
tempeftuous dafhes of rain, and lamentable 
cold winds. 

So that by this it appears, that this grateful 
decrement of the coldnefs and rudenefs of that 
climate was already taken notice of {fo || many 
years ago. 

To thefe relations may pertinently be fub- 
joined a paffage of the learned Maguenus in 


* Intitled, New-Ezxgland’s profpett. 
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his ingenious little tract de Mannd +; where 
he very folemnly delivers this notable oblerva- 
tion, that in the country he calls Cenotria, 
there was no manna to be found a little above 
three hundred years ago. And that in Cela- 
bria it {clf, a province fo famous for manna; 
that the beft is denominated thence, and that 
furnithes a great partof Europe with that odd 
drug, it is but {ince two ages, or thereabouts, 
that manna has fallen, or; as he expreffes ir, 
rained. 

I know not whether it may be worth while 
to mention, after thefe more weighty obferva- 
tions, the ceconomical traditions of houfe-wives ; 
which I fhould not think worth taking notice of 
inthis place, but that having purpofely enquired 
after the truth of it, of two very fober perfons 
(much verfed in the art of making {weatmeats) 
that have, efpecially one of them, often tried 
it; they ferioufly affirmed to me, that they 
find the fpots made in linnen by the juices of 
fruit, particularly of red currants in ftraining 
bags, will beft wafh out (nay icarce otherwife) 
at that time of the year, when thofe fruits are 
ripe the enfuing year. es 

To which may be for affinity’s fake annexed, 
what is related by the ingenious French writer 
of the hiftory Des [les Autilles**, where he 
lived divers years ; who fpeaking of the fruit 
they there call Acajou, tells us; that the juice 
of fome of the internal parts of it, though re- 
puted an excellent remedy in fainting fits, is of 
fuch a nature, that if it chance to fall upon a 
piece of linnen, it turns to a red {pot ; which 
Jafts till the tree come to be again in flower. 
Which phenomena, if thelengthof time, and 
the heat and temperature of the air, ufual in the 
feafons of producing bloffoms, and ripening 
of fruits, be found to have little or no interett 
in their caufation, may prove of fome ufe in 
our prefent enquiry. 

WHATEVER bethe true caufe of the ebbing 
and flowing of the fea, yet at {pring tides the 
motions of fuch vaft maffes of matter as the 
great ocean, and moft of the feas, are fo con- 
itantly coincident with the new and full moon; 
and the more ftupendous ipring-tides have been 
in moft places, fo long obferved to happen re- 
sularly enough about the zquinoxes, that it is 
worth an enquiry, (though I cannot here afford 
it one) whether thefe confpicuous phenomena 
may not fomewhat confirm the conjectures we 
are difcourfing of. | 

Anp whenI remember, how many queftions 
I have afked navigators about the luminoufnefs 
of the fea; and how in fome places the fea is 
wont to fhine in the night as far as the eye can 
reach ; at other times and places, only when the 
waves dafh againft the veffel, or the oars ftrike 
and cleave the water ; how fome feas fhine often, 
and others have not been obferved to fhine ; 


how in fome places the fea has been taken no- 
tice 
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tice of, to fhine when fuch and fuch winds 
blow, whereas in other feas, the obfervation 
holds not ; and in the fame tract of fea, within 
a narrow compafs, one part of the water will 
be luminous, whilft the other fhines not at all: 
when I fay, I remember how many of thefe 
odd pha:nomena belonging to thofe great 
maffes of liquor I have been told of by very 
credible eye-witneffes (whofe narratives to me 
you may elfewhere meet with) I am tempted 
to fufpect, that fome cofmical law or cuftom 
of the terreftrial globe, or, at leaft, of the 
planetary vortex, may have a confiderable 
agency in the production of thefe effects. 

Nor am I fure, that fome fubterraneal 
changes, or fome yet unobferved commerce 
between the earth and other mundane giobes, 
has not an intereft in the origin, continuance, 
and expiring of thofe difeafes, that phyficians 
call new, which invade whole countries (and 
fometimes greater portions of the earth) and 
Jaft very many years, if not fome ages, before 
they come to be extinct. Of which forts 
of difeafes divers learned men have reckoned 
up divers, and whereof the venereal pox, at 
leaft, as to its origine and fpreading, is but 
too manifeft and unhappy an inftance ,; where- 
to, according to fome eminent doctors, we may 
add the rickets, a difeafe, which though fcarce 
known in other countries, is here in Evgland 
fo fatal to children, which firft (as is affirmed) 
difcovered itfelf among us within the memo- 
ries of multitudes of men yet alive: but of 
this perhaps more elfewhere. 

Ir I fhould now further defcend to the pe- 
culiar phenomena of particular regions, I mutt 
launch out into a difcourfe I could not have the 
leifure to finifh. And therefore I fhall only 
advertife you of two fufpicions more, that I 
hold not unfit to intimate to you, about the 
eftablifhed laws and cuftoms of nature. 

Tue firft of them is this, that I doubt 
thofe, that are thought the grand rules where- 
by things corporeal are tranfa€ted, and which 
f{uppofe the conftancy of the prefent fabrick of 
the world, and courfe of things, are not altoge- 
ther fo uniform complied with, as we are wont 
to prefume ; at leaft, as to the lines, according 
to which the great mundane bodies move, and 
the boundaries of their motions. For what 
reafon the wife author of nature pleafed to per- 
mit, that it fhould be fometimes, as it were, 
over-ruled by the boifteroufnefs (if I may fo 
call it) and exorbitant motions of unruly 
portions of matter, I muft not in this place 
(though I do it in another) inquire: but when 
I confider the nature of brute matter, and the 
vaftnefs of the bodies, that make up the world, 
the {trange variety of thofe bodies, which the 
earth does comprize, and others of them may 
not abfurdly be prefumed to contain ; and when 
I likewife confider the fluidity of that vaft in- 
terftellar part of the world, wherein thefe 
globes {wim ; I cannot but fufpeét there may 
be lefs of accuratenefs, and of conftant reou- 
larity, than we have been taught to believe, 
in the ftructure of the univerfe, and a greater 
obnoxioufnefs to deviations, than the {chools, 
who were taught by their matter /riftotle to 
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be great admirers of the imaginary perfections 
of the cceleftial bodies, have allowed their dif- 
ciples to think. And in effect, to {peak only 
of the nobleft of them, the fun, and to pais 
by about his motions the obfervation of the 
exacte{t aftronomers, that natural days are nut 
all of equal length (whatever the vulear cf 
philofophers fuppole to the contrary ;) and 
not to take notice of the great difpute betwixt 
the eminenteft aftronomers, even of our times, 
about the anomaly artributed to the motion of 
the fun’s apogeum : to pafs over thefe things, 
I fay, the fun himfelf doth not only, from time 
to time, do what divers of our later aftrono- 
mers ftile to vomit cur great quantities of 
opacous matter, (which are called his {bots) 
fome of them bigger, perhaps, than Lurepe 
or Afia, but has had almoft his whole face fo 
darkened with them, (as about the end of 
Cefer’s, and the beginning of Augufius’s co- 
vernment) thar for about a year together, he 
Was, as it were, uncer an eclipfe. ‘l’o which, 
if we add thote cceleftial comets, (for I difpute 
not now about fublunary ones) their number, 
vaftnefs, duration, odd motions from orb to 
orb, (as the ancients would have fpoken) and 
other phenomena, (whatever the caules cf 
them be) it will appear, that even in the cc- 
leftial part of the world, all is not fo 1egular 
and unvariable, as men have been made to 
believe. 

I had fome doubts, whether this might not 
be much confirmed by what has been related 
by fome navigators, that have been tn the fouth- 
fea, about certain black clouds, faid to move 
as regularly in the antartick hemifphere, as 
the neighbouring ftars themfelves ; to which 
fome of our Englifh feamen (whether firft or 
no, I know not) have added, certain white 
clouds in the fame hemifphere move no leis re- 
gularly. Of thefe relations, I fay, I confidered, 
whether fome ufe might not be made to my 
prefent purpofe ; but having made the bett in- 
quiry I could, of thofe few perfons cf note I 
could meet with, that were likely to inform 
me, Ido not yet fce caufe to alledge thefe pha- 
nomena by way of arguments. But yet fince I 
find, thateven pilots, who have been frequently 
in fome parts of the Eaf-Indies, have not (whe- 
ther becaufe they failed not far enough to the 
fouthern pole, or upon fome other fcore) taken 
notice of them; I fhall fubjoin as a part of 
natural hiftory, not obvious to be met with, 
the beft account I could procure of them; 
which was from an obferving captain of an Eaft- 
India fhip, with which he lately adventured 
to unfrequented parts of the fouth-fea. 

THE fubftance of his anfwers to me, about 
the fore-mentioned phanomena, was this, that 
he had divers times feen in the fouthern hemi- 
{phere, and in that pare of the milky way, 
which is not to be feen upon our horizon (for 
he fays, the galaxy is either compleatly, or al- 
moft a circle) two or three places, that look like 
clouds, and move about the earth regularly 
with the white part of the circle in 24 hours. 
But by what he replied to fome further queftions, 
that I afked him, I gathered, that if thefe be 
the black clouds, that navigators have fpoken 
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of, thofe, that gave them thename of clouds, 
were probably much miftaken; fince, he an- 
fwered me,; that thefe are not black, but of a 
deep blue ; which makes me fufpeét them to 
be but perforations, if I may fo fpeak of the 
milky way, by which I mean parts of the azure- 
fky, that are fuffered to be feen by the difcon- 
tinuations of the parts of the galaxy. And to 
this account of the dark clouds, his further 
anfwers gave me this of the white ones ; which, 
he fays, fome call the Magellanick clouds, 
about which he related: 

Tuavt he had divers times feen towards 
the fouth-pole, theclouds, that fome few navi- 
gators mention to be there, and to move about 
the pole in 24 hours. 

TuaT_ he began to difcover them plainly, 
when he was in about 18 degrees, (as I re- 
member) of fouth latitude. 

- Tuam they were white, in number three 
(though two of them be not very diftant from 
each other) the greateft being far from the 
{outh pole ; the other not many degrees remo- 
ter than that ftar, which of the * confpicuous 
enes, they reckon to be neareft to the pole, 


though it be about eleven degrees diftant 


from it. 
- Bur from this account of his I dare not, 
as I was intimating, conclude thefe to be fuch 
clouds as they are taken for, becaufe, for ought 
I know, if they were looked on through a 
good telefcope, they would be found conftella- 
tions of fmall and fingly inconfpicuous ftars, 
like thofe of the galaxy, the belt of Orion, 8c. 
But to be refolved about thefe matters, it is 
not amifs to expect further obfervations ; the 
propofed conjectures being made but upon a 
{uppofition of the truth and fufficiency of 
the relations. | 
AnD thus much for the firft of the two 
fufpicions, that I above intimated, I would pro- 
pofe to you: the other is very different from 
it, and might feem contradictory to it, but 
that they’ belong not to the fame cafes. For 
though I lately told you, I fufpected, that in 
fome things, efpecially relating to the lines, ac- 
cording to which, and the limits within which 
fome great maffes of matter are fuppofed to 
perform their motions, there is more accurate- 
nefs fancied than there really is; yet I fhall 
now add, that there are cafes, wherein I am 
not quite out of doubt, but that we may fome- 
times take fuch things for deviations and exor- 
bitancies from the fettled courfe of nature, as, 
if long and attentively enough obferved, may 
be found to be but periodica] phanomena, that 
have very long intervals between them. But 
becaufe men have not fkill and curjafiey enough 
to obferve them, nor longzevity enough to be 
able to take notice of a competent nymber of 
them, they readily conclude them to be but 
accidental extravagancies, that {pring not from 
any fettled and durable caufes. For the world, 
like a great animal producing fome effects bur 
at determinate feafons, as nature produces not 
beards in men, till they have attained fuch an 
age, and the menfes (as they call them,) ufe 
Vou. UI, 


not to happen to women before they come to 
fuch years, nor to laft beyond fuch other years 
of their life; as may be alfo obferved within 
a far fhorter compafs of time in the growth 
and falling of ftags horns and bucks: if the 
firft man had lived but one year in the world, 
he would perhaps have thought the bloffoming 
of trees in {pring, and their bearing fruit in 
fummer, but an accidental thing, and would 
have looked upon the eclipfe of the fun, as a 
prodigy of nature ; obferving; that though 
every new moon, the fun and fhe came very 
near together, yet neither before nor after was 
there any fuch terrible phenomena confequent 
thereupon, And we ourfelves may eafily re- 
member, what ftrange conje¢tures we had of 
the {trangely varying appearances of Saturn; for 
divers years after our telefcopes firft difcovered 
them to us. | | 
But moft remarkable is that cceleftial pha- 
nomenon afforded us by the emerging, difap- 
pearing; and re-appearing ftars of this age ; 
which have been obferved in the girdle of Ax- 
dromeda, and in or about the fwan’s breaft ; 
(which is faid to have been feen in the year 
1600, and to have vanifhed in 1621.) and ef- 
pecially that, which having about 25 years ago 
appeared for awhile in the whale’s neck among: 
the fixed ones, and afterwards by degrees dif- 
appeared, was looked upon by thofe aftrono- 
mers of that time, who did not out-live it, as 
a coeleftial comet. But afterwards an ingeni- 
ous Englifh gentleman of my acquaintance 
having obferved here (as well as the vigilant 
curiofity of fome few later aftronomers hath 
taken notice of elfewhere ) the return of the 
hike phzenomenon in the fame part of heaven ; 
it begat much wonder in all (which was en- 
creafed by the flow difappearing of it) and in 
fome curious men a refolution to have a watch- 
ful eye upon that part of the fky. Since when 
the juftly famous Bullialdus, and befides fome 
eminent foreign virtuofi (whofe names I know 
not) divers excellent perfons of our own na- 
tion having taken notice of it in the wonted 
place, (where I had fometimes the fatisfaction 
of feeing it; ) thefe obfervations, and efpe- 
cially the laft difappearance of a ftar judged to 
have been placed among the fixed ones, and 
eftimated to be of the fourth (if not the third) 
magnitude, have fomewhat confirmed me in 
the fufpicion I am now treating of. For if this 
and the other new ftars do continue to return 
periodically to the fame part of heaven, where 
they have been already long ago feen ; as at 
leaft for as much as concerns this, its gradual 
increafing after it firft begins to fhew it felf, and 
decreafing afterwards, feem to promife; then I 
may with fomewhat more of probability than 
before, fufpect, that there may be vortices be- 
yond the concave furface of what we call the 
firmament; which fufpicion, if true, would 
much disfavour the hypothefis we now have 
about the fyftem of the world, and will favour 
what I conjectured as poffible about periodical 
phenomena. And however; if either the 
new ftar, without departing from its place, be 
Bb only 


* ‘This wary expreffon keeps my relator from being contradiéted by a curious modern aftronomer, who tells of a ftar 
not three degrees diftant from the fouthern pole ; but then he fays too, that it is a flar of but the fifth magnitude. 
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only fometimes by degrees overfpread and hid 
by fpots, like thofe I formerly mentioned to have 
ob{cured the fun,which are afterwards by degrees 
diffipated, as I at firft fufpected ; or if it have 
a dark hemifphere as well asa light one, (or ra- 
ther a greater part of its globe obfcure than 
Juminous, as Bullialdus ingenioufly conjectures) 
and by turning flowly about its own center 


"and axis, doth fometimes obvert to our eyes 


its luminous part, and fometimes its dark part 
(as Jupiter is faid to do its belt-like fpots, 
whence it muft gradually both appear and dif- 
appear ; according to either of thefe two hy- 
pothefes, (though not fo much as in that which 
preceded them,) there will be reafon to quef- 
tion the great uniformity imagined to be in 
the cceleftial bodies and motions ; and to -fa- 
vour what has been propofed about periodical 
mutations in the mundane globes; efpecially 
fince thefe phanomena argue, that even thofe 
ftars we call fixed, and have looked upon as 
fo invariable, are fubject to mutations great 
enough to be taken notice of by our naked 
eyes at fo immenfe a diftance. I] fhall not here 
profecute this difcourfe, becaufe I would not 
anticipate what I forefee I fhall have occafion 
to fay about the terreftrial effuvia with their 
caufes and effects in another difcourfe *, but I 
think myfelf obligéd to mind you in this place, 
that doubts and fufpicions are the only things 
promifed by the title of this difcourfe; and 
therefore I fhall not quarrel with you, if you 
conjecture, that though the laft propofed fuf- 
picion may prove well grounded in fome cafes, 
yet in fome others, the exorbitancies of the 
matter may, if they chance to be repeated, 
occafion a new cuftom, that may have the force 
of a law in this, or that part of the mundan 
elobes ; particularly in this terreftrial one we 
inhabit : As waters, by their frequent overflow- 


inos of the banks, that cannot contain them, 
do fometimes make themfelves new paflages 
by their own deviations, and as it were, affect 
to run in the chanel they once made. 
And as it happens alfo in animals, that 
noxious humours having once found a vent at 
an iffue or an ulcer, do conftantly take their 
courfe that way. Which brings into my mind 
this odd obfervation, that having occafion to 
pafs fome years ago out of England into Ire- 
land, traverfing the maritime county of Wa- 
terford, the convoy, that went with me, fhew- 
ed me once in my way, at a pretty diftance 
off, a mountain, from whofe higher parts there 
ran precipitoufly a river (which by my efti- 
mate was pretty broad) that within but two 
or three years before, at furtheft, firft broke 
out -without any manifeft caufe from a great 
bog, that had been immemorially at the top of 
that mountain, and to the wonder of the in- 
habitants, after the firft eruption of the water, 
had fupplied the country with a river ever 
fince : the circumftances of which new phe- 
nomenon, I would gladly, at a nearer diftance, 
have obferved, but the convoy was not fond 
of a curiofity fo dangerous, in an enemy’s 
country. 

OTHER inftances to the fame purpofe I 
cannot now conveniently ftay to prefent you, 
having already made the conjectural part of 
this effay difproportionate to the other: and I 
hope there is already enough faid in this latter 
part, to anfwer my defion, which was to ex- 
cite your curiofity to feek after fome certainty 
touching the things doubted of ; and ftrive to 
enable yourfelf by watchful obfervations, fome- 
what to eafe me of the troublefome fut 


picions I have confefled to you, by telling 


me, whether they are altogether groundlets 
Or not. 


* The reference here made, is to a Tract about the Effects and Canfes of fome unheeded Changes in the Air, 
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by three or four others, whereof the 

firft treated about the temperature of 
the regions of the air, as to heat and cold, and 
had been premifed to the two, that now come 
forth, had it not been judged more proper to 
referve them to accompany fome other papers 
concerning the air. To the following tract 
about the fubmarine regions, it is thought fit 
to adjoin fome relations about the bottom of 
the fea; to which was to have been added fome 
obfervations concerning the faltnefs of the fea: 
but in that treatife, fome blanks having been 
left for particulars, which the author could not 
feafonably find among his loofe papers to fill 
them up with, thefe that now appear, having 


HE two following traéts were de- 
} fiened to have been accompanied 


no dependance on them, it was not thought 
fit they fhould ftay any longer for them. | 

But about thefe feveral tracts, this general 
advertifement is to be here given, that being 
hiftorical pieces, confifting chiefly, (though not 
only,) of fuch particulars, as the author mutt 
owe to the informations of others, he would not 
{take his reputation for the truth of every one 
of them; contenting himfelf, to have per- 
formed what can be reafonably expected of 
him; which is, that he fhould carefully make 
his inquiries from credible perfons, who, for 
the moft part, deliver their anfwer upon their 
own knowledge ; and that he fhould faithfully 


fet down the accounts he procured from fuch . 


relators. 
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F when I ufed to vifit mines, I had thought 
of writing on the fubjeét Iam now about 
to treat of, and had defigned to fatisfy 

myfelf about the temperature of the fubterra- 
neal air, as much as I did about the other fub- 
jects I was then concerned to be informed of 3 
I think I fhould have enabled myfelf to deliver 
much more upon my own obfervation, than I 
fhall now pretend todo. But though for the 
reafon newly intimated, and becaufe of my 
being particularly fubject to be offended by any 
thing, that hinders a full freedom of refpiration, 
I was not folicitous to go down into the deep 
mines; yet after having difcourfed of the 
temperature of the air above ground, I pre- 
fume it may not be improper or unwelcome, 
to fay fomething of the temperature of the 
fubterraneal regions, and of the air reaching 
thither. For deep mines being places, which 
very few have had the opportunity, and fewer 
have had the curiofity to vifit, and of which I 
have fcarce found any thing at all obfervable 
by claffick authors, and by other writers, but 
very little, efpecially that I think probable 
enough to make ufe of; I prefume it will not 
be unacceptable to you, if of regions fo little 


frequented, and lefs known, I report what I 
have been able to learn (by diligent enquiry 
purpofely made) from the credible relations of 
feveral eye-witneffes differing in nation, and 
for the moft part unacquainted with each 
other. 

Tuoucu Ido not think it abfurd to fufpect, 
that in fome places of the earth, the peculiar 
conftitution of the foil, and other circum- 
ftances, may make it reafonable to affign thofe 
places fewer or more regions than three ; yet 
{peaking in the general, the ternary number 
feems not inconvenient to be affigned to the 
fubterraneal regions; not fo much upon the 
fcore of the analogy, that by this divifion will 
be eftablifhed between the regions of the earth 
and of the air, as becaufe there feems to be a 
reafon of the divifion included in the divifion 
itfelf. And indeed experience appears to fa- 
vour it in the fubterraneal cavity, that I have 
hitherto been able to procure an account of 
from any ocular witnefs, and (very few excepted) 
one of the deepeft, that we yet know of in the 
world. And fince it has been received for a 
rule among philofophers, that, which is per- 
fe€teft or compleateft in its kind, ought to be 
the ftandard, whereby the reft are to be mea- 
fured, or eftimated ; I fhall begin the remain- 
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ing part of this effay by a relation, that I ob- 
tained from a chymift, that had purpofely tra- 
velled into Hgngary, and other places, to vifit 
the mines thofe parts are juftly famous for, and 
who bringing me the henour of a compliment 
from a prince, to whom he belonged, gave 
me the opportunity of afking him divers que- 
ftions, his anfwers whereunto (which I pre- 
fently after put into writing,) afforded me the 
enfuing account, 


Cie A. Pe oll 


HAT very near the orifice of the groove, 
he felt the air yet warm ; but afterwards 
defcending towards the lower parts ef the 
groove, he felt it cold, uritil he came to fuch 
a depth, as he had fcarce attained by a quarter 
of an hour’s defcent,. and that the cold he felt 
during this time feemed to ‘him confiderable, 
efpecially when in defeending he had reached 
to a good depth. 

TuHar after he had paffed that cold region, 
he began by degrees to come into a warmer 
one, which inereafed in heat, as he went deeper 
and deeper. So that in the deeper veins he 
found the workmen digging with only a flight 
garment over them ; and the fubterraneal heat 
was much greater than that of the free air on 
the top of the groove, though it were then 
{ummer. 

{Wart ts here mentioned of a cold region 
in the earth, has been fince confirmed to me 
by an ingenious phyfician, upon an obfervation 
made in another Hungarian mine, (near a town 
whofe name I remember not,) that was not of 
gold, but Sopp: and of much leffer deepnefs 
than that newly f{poken of. For this relator 
anfwered me, that in going dawn, he felt a 
confiderable degree of cold. And when [ 
afked, whether he found the like in his return 
upwards, he told me, he abferved it then too. 
And when I further inquired after the extent 
of this cold region, he replied, that not ex- 
pecting to be afked about fuch circumftances, 
he had not taken particular notice of them; 
but thus much information my queftions pro- 
cured me, that he began to feel the above-men- 
tioned coldnefs, when he could receive no 
more light at all.by the mouth of the groove; 
and that this cold region lafted, till he came 
fomewhat near the bottom, which was eftima- 
ted to be about an 100 fathom or more diftant 
(in a ftreight line) from the top.) 

Tis relation agrees well enough for the 
main with that fhort, but confiderable one of 
F4arinus, which I elfewhere cite; who above 
forty five years ago, vifited the deep Hunga- 
rian mines in the month of july, and takes no- 
tice, that when he came down to the burrows, 
as he calls them, he did not find any heat, as 
at the mouth of the well, but the beginning of 
a very cold, as well as confiderably thick re- 
gion: though I eéafily believe him, when he 
eonfeffes, that he felt it much the celder, be- 
eaufe he had left off his own cloaths, and put 
on the flight garments ufed there by the dig- 
eers. He further informs his reader, that 
when they had defcended about 80 fathoms 

- 


beneath the furface of the earth, he began to feel 
a breath of an almoft lukewarm air; which 
warmth increafed upon htm, ashe defeended 
lower, pleafina him not a Iltle, becaufe it 


freed him from the-troublefome {cents of his - 


former coldnefs. Adding, that the overfeer of 
the mine, who condu¢ted him, affirmed to 
him, as alfo the officers of other Hungarian 
mines ungnimopfly-did, that i.all their mines, 
at leaft all chee ones, aftey a ehick tract of 
cold earth, there else a lower region, that 
is always hot. And that after they arrived at 
fuch a depth, they felt not any more cold, but 
always heat, how deep foever they dig. And 
to add upon the by, though this learned man 
lay mych weight ypon antiperiftafis; yet in 
“the next page to thofe, that contain what I 
have been juft now relating, he ¢ither very 
candidly or inconfiderately takes notice, that 
they informed him, that in theit mines, whether 
more or lef deep, they obferved, that at fome 
times in the year 4 fomewhat intenfer heat 
was felt ; and the two tiries, that he exprefl 
names, are thofe' oppafitely qualified feafons of 
fummer and winter. 

Havin laid down thefe general narratives, 

¥ powprocted to confider the earth’s regions in 
particular; about which the fum of what I 
yet have to propound, may be conveniently 
enough comprifed in the four following pro- 

pofitions. 


CHAP. UI. 
Proposition. I, 


es A eee firft region of the earth is very 
ee variable, both as to bounds, and as to 
‘c temperature.” 

THe former part of this obfervation will 
not be difficult to prove, fince it will be eafily 
granted, that the manifeft operation of the 
fun-beams is, ceteris paribus, greater, and 
reaches further-in hot climates than in cold 
ones; in the midft of fummer, than in the 
depth of winter. 

THe fecond part of the obfervation may be 
proved by the fame arguments as the firft; to 
which may be added, as to fome places, the 
folidity or poroufnefs of the earth ; as alfo the 
nature of fome falts, marchafites, and other 
bodies contained in it, which by their natural 
temperature may difpofe the foil to coldnefs or 
heat. As I fhall have occafion to fhew, when 
I come to {peak of the fecond region. 

In the mean time I have this to obferve 
further, that in this firft region, the air is 
ufually more temperate, as to cold and heat, 
than that above the furface of the earth; and 
that this region is not wont to be confiderably 
deep: both parts of which obfervation are ca- 
pable of being made good by the fame rea- 
fons, and therefore 1 fhall endeavour to prove 
them jointly. 

TuaT in the uppermoft region of the earth 
it fhould be lefs cold than above the furface, 
feems reafonable to be allowed upon this con- 
fideration ; that the fubterraneal cavities of the 
earth are fheltered by the thicknefs of the fides 
from the direét action of the fun-beams, the 
winds, &c. and is alfo kept from an imme- 
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diate, or at leaft from fo full a contact of the 
external air, when that is vehemently, either 
heated or refrigerated. 

Asn p firft as to the heat of the fun, that that 
does much lefs powerfully affect fuch places as 
are fheltered from its action by folid bodies, 
may appear by the confervatories of ice and 
fnow, wherein frozen water is kept in that 
{tate during all the heat of fummer, and that 
oftentimes in cavities, that are at no confidera- 
ble depth beneath the fuperficies of the earth. 
Nay I remember, that having had occafion (for 
the perfecting of fome conclufions I was try- 
ing) to keep ice many weeks after the frofty 
weather was gone, anda milder feafon was 
come in, I was able to do it, contrary to the 
expectation of fome curious men, without 
either digging to a notable depth in the 
ground, or building any fubftantial ftruéture 
over the cavity. For wanting conveniencies, 
I contented my felf, though it were in a cham- 
pain place, with a pit fomewhat broad at the 
bottom, of about four foot deep or lefs, whofe 
mouth was fheltered only by a little low 
thatched hovel, that was wide open to the 
north, and only fcreened the mouth or vent of 
the little pit from the direét beams of the fun. 
And though I will not deny, that in deep con- 
fervatories of fnow, the natural coldnefs of the 
earth; efpecially in fome places, may contri- 
bute to the effect; yet I remember, that dif- 
courfing once with a traveller and fcholar, that 
was born in hot countries, of a conjecture of 
mine; that in an arched building, whofe walls 
were fuffciently thick, and whofe air were 
carefully—kept from all avoidable intercourfe 
with the external air; one may, without dig- 
sing fo much as a man’s depth into the ground, 
make a fufficient confervatory for ice in very 
open and unfheltered places, and even fuch as 
Salifbury-Plain itielf: difcourfing, ‘as I began 
to fay, with this traveller about this conjecture, 
he told me, that at a place he named to me, 
in the fouthern part of France, whofe heat 
{eemed to me to exceed that of divers parts of 
Italy, fome curious perfons; that were refolved 
at any rate to have ice in fummer, though 
the foil were fuch, that they could not dig 
four foot without meeting with water, were 
yet able to make ufe of confervatories, by co- 
vering the brick-building they made over their 
pits, with clay and fand, to a very confidera- 
ble thicknefs, and taking care, that the only 
place, that fhould permit accefs to the out- 
ward air, fhould be a fmall northern door to 
go inand out at, fitted to fhut exactly clofe, 
and fenced with a little porch, furnifhed with 
another door. And by this means he affirms 
thefe gentlemen to referve the included ice, 
not only all the fummer long, but fometimes 
for two or three years together, the heat of 
that region making many of their winters too 
mild to recruit them with Ice. 

To all thefe things I fhall add, that even 
where the intercourfe is not quite debarred, 
but leit free enough betwixt the fubterraneal 
and the juperior air, the operation of the fun- 
beams may be very much lefs in a cavity 
though bur fhallow, beneath the iurface of the 
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ground than above it, For beSdes that 1 
als have informed me, that liquors, that dif r 
in little elfe than in confiftence, will not 1) cafi- 
ly pervade each other, as a man would fur- 
mife, unlefs fome external motion haften their 
intimate mingling with one another; I re- 
member, that one morning pretty late, having 
had the curiofity to defcend into a pit, whcre 
they were digging out iron oar; though this 
cavity had no very narrow orifice, and was dug 
directly downwards, and exceeded not ten ‘or 
twelve foot in depth, yet I found not the heat 
at all troublefome, whillt I ftayed there, though 
the pit were in an open field, unfhaded by 
trees, and though the air abroad were much 
heated at that time of the year, which was in 
that feafon (or at Jeaft very near it) that is wont 
to be called the dog-days, 


CHAP. IV. 


ND as we have fhewn, that the fubter- 

raneal air, even in the firft region, is 
ujually much Iefs heated, than the fuperter- 
re{trial air; fo we may allo eafily obfervc, that 
that inferior air is (ceteris paribus) wont to be 
much lefs refrigerated by the grand efficients 
of intenfe cold, than the fuperior air. 

I will not urge on this occafion what I have 
obferved by a furer way, than for ought I 
know has been before practiced, about the 
{moaking of fome {prings in frofty weather; be- 
caufe Ido not know, but that thofe fprings 
may have come from, or pafiled a good way 
through, fome place very deep beneath the 
furface of the directly incumbent ground, and 
perhaps from a foil peculiarly fitted to warm 
them; whence the water may have derived a 
warmth confiderable enough not to be quite 
loft, till it began to {pring out of the ground, 
where it needed only not to be quite cold, to 
appear to f{moke; the intenfe coldnefs of the 
air making thofe exhalations vifible in frofty 
weather, which would not be fo in milder: 
as is evident in a man’s breath, which appears 
like a {moke in fuch weather, though it be 
not vifible in fummer. 

Tuat therefore, which I fhall propofe in 
favour of our obfervation, is firft taken from 
the nature of the thing, which may perfuade 
us, that the fubterraneal air being though com- 
paratively cool, yet indeed moderately warm 
in fummer, ought not to be affected with 
winter’s cold; fo much as that contiguous to 
the furface of the earth, from whofe imme- 
diate contact it is by athick arch of earth, if 
I may fo call it; defended ; and that the cold 
reigns moft in the free air and the fuperficial 
parts of the terreftrial globe, may appear by 
water’s beginning to freeze at the top, not at 
To which reafon from the na- 
ture of the thing, I fhall add only this from 
experience, that we fee, thatin cellars, that are 
arched and carefully kept clofe from the com- 
munication of the outward air, beer, and other 
liquors may be kept from freezing in frofty 
and tnowy weather. As I have obferved ina 
cellar, that was but fhallow, but weil arched in 
a winter, that was fharp to a wonder, and froze 
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{tronger liquors than beer in another cellar ve- 
fy near it, that differed not much from it in 
depth, but had not fo thick and folid a roof. 
And that not only here in Hxgland, where the 
¢old is lefs violent, but even in Raffa ittfelf, 
where it is wont to be. fo extreme, it reaches 
not near fo deep as one would think, I learned 
by inquiry purpofely made of an ingenious phy- 
fician, that lived at Mo/cow, who anfwered me, 
that others, and he himfelf, did in that city 
keep all the winter long, not only their wine, 
but theit beer from freezing in cellars, that were 
hot above twelve or fourteen foot deep, but 
well covered above, and carefully lined with 
planks of fir, without any entrance, but a {mall 
trap-door (commonly at the top) which was 
fitted fo exactly to the orifice it was to clofe, as 
to exclude, as much as was poffible, all com- 
munication between the internal and external 
air, that the latter might not affect the former 
with its coldnefs. 

I have indeed fufpected, that in fome cellars, 
the comparative warmth we find there may be 
partly due to fubterraneal exhalations, that are 
pent up in them; and perhaps too in fome 
medfure from the fteams of the fermenting, or 
fermented liquors lodged in thofe places. And 
I was fomewhat confirmed in this fufpicion, by 
an information my inquiries obtained from the 
newly mentioned doctor, who told me, upon 
his own obfervation, that in one of the cellars 
he made ufe of at Mo/fcow, having occafion to 
open the above mentioned trap-door, after the 

lar had for a good while been kept very 
clofe fhut, there came out at the vent, that was 
theteby given, a copious fteam in the form of 
fmoke, which to them, who had their bodies 
affected with the external air, was very fenfibly 
warm, and was almoft unfit for refpiration. 
W hich circumftance increafed my fufpicion, that 
there might be among thefe fteams fome of 
the nature of thofe, that have been obferved to 
come from fermenting liquors, efpecially wine, 
and fo abound in fome cellars, as almoft to 
ftifle thofe, that ventured into thofe vaults, and 
to kill {ome of them outright. Which effects 
the long abode of fubterraneal {teams in ftag- 
nating air, even in many places, whete no 
metalline oars at all, nor other noxious mine- 
rals have been founc, has enabled that air to 

sroduce. Ofwhich divers fad inftances have 
Pet aaveh within lefs than a mile of this place, 
upon men’s firft going down into pits or wells, 
that had not in along time been opened or 
made ufe of: but this is here mentioned only 
upon the by ; nor have we any neceffity to fly 
to fubterraneal exhalations, for the compara- 
tive warmth, that good cellars in general afford 
in frofty weather; fince that phanomenon 
may be accounted for by the reafon formerly 


’ given, that the clofenefs of'the cavity, and the 


thicknefs of the fides and roof, keep it from 
being vehemently affected with the cold of the 
ambient air. - 

I know it is pretended, that the warmth we 
fpeak of, proceeds from an antiperiftafis: but 
mot now to engage ina controverfy, that would 
take up too much time, it may here fuffice to 
reprefént, that in our cafe there appears no ne- 


ceffity of recurring to it, the phenomenon be- 
ing folvable by the region newly cited, which 
may be confirmed by this experiment, that in 
the vaulted cellar above-mentioned, wherein 
beer was kept from freezing, in an almoft pro- 
digtoufly fharp winter, the included air, though 
fenfibly warm to thofe, that came out of the 
free air, had not fo intended its native heat, as 
the affertors of antiperiftafis would have ex- 
pected ; being: colder than the free air com- 
monly is in that place, not only in the heat of 
fummer, but in other feafons, when the wea- 
ther is temperate; as I was affured by com- 
paring my own obfervations, made at other 
times, with the account brought me by a {kill _ 
ful perfon, whom I employed into that cellar 
at late hours, in one or two of the fharpeft 
nights of the forementioned cruel winter, with 
the fame excellent fealed weather-glafs, that I 
had long kept fufpended withina ftone’s caft of 
that place. 


GUHA’ Ps Va 


AVING faid thus much about the 

earth’s uppermoft region, I now proceed 

to that, which lies next beneath it; whofe tem- 

perature I cannot fo conveniently give an ac- 

count of, in lefs than two propofitions, where- 
of the firft is this ; 


ProposiTion II. 


‘© Tue fecond region of the earth feems to 
‘¢ be for the moft part cold in comparifon of 
“© the other two.” | 

Tuts propofition may be confirmed partly 
by reafon, and partly by experience. 

Ano firft it feems confonant to reafon, that 
fince the earth is naturally a body, confifing 
of grofs and heavy parts, that are ufually much 
lefs agitated; than thofe of our organs of feel- 
ing, it fhould as to fenfe be cold; and that 
therefore that quality may be juftly afcribed to 
it, in that region, where by virtue of its fitua- 
tion it is kept from being confiderably affec- 
ted, either by the heat of the fuperior air, or 
by that of the deep parts of the earth: which 
upper and lower heat are the two agents, that 
feem of all others the moft likely to put its 
parts into an unufual motion, and thereby 
change its natural temper. 

THAT our propofition is alfo confirmable by 
experience, may be gathered from the rela- 
tions fet down in the former part of this dif- 
courfe. 

Anp here it will be proper to take notice of 
the advertifement intimated in the clofe of our 
above delivered propofition, that this coldnefs 
afcribed to the {fecond region of the earth is 
to be underftodd comparatively to the other 
two. For otherwife, that even this earth is not, 
as many naturalifts would have it, the /uammum 
frigidum, | gather from this, that ] could never 
hear of any ice met with there, at any time of 
the year, though fnow or hail may be produced 
in the middle region at differing, and fome- 
times quite oppofite feafonsof the year. Nay, I 
have not found by the anfwers, that were made 
me by thofe, that have defcended far enough 
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into this region, that they found the cold any 
where very great, or thac in fome places they 
have found it at all confiderable ; as we thall 
fee in the explication of the next propofition. I 
know not, whether it will much ftrengthen 
what has been faid, if I add, that I learned by 
enquiry of fuch perfons as I lately mentioned, 
that at the mouth of deep grooves, in mines, 
the fteams, that afcend, do often feel warm; 
though the outward air, where the obfervation 
is made, be affected with the heat of fummer. 
But though this probably argue, that if the 
middle region of the earth, through which 
thefe fteams muft afcend, were very inteniely 
cold, they would be fo refrigerated in their 
pafluge, as to feel rather coid than hot at their 
appearing above ground, efpecially in fummer : 
yet I fhall not Jay much weight (for fome may 
perhaps be allowed it) upon this argument; 
becaufe I have not yet tried, how fara warm 
{team may be altered in its paffage, through a 
cold conduit: not to mention, that in the earth, 
the paffage by being directly upwards may be 
much the nimblier traveried. 


CHAP. VI. 


temperature of the fecond region of the 


i fecond propofition relating to the 
earth may be delivered in thele terms. 


Proposition IIL. 


sc In feveral places, which by reafon of their 
é¢ diftance from the furface-of the earth, one 
«© would refer to the middle region of it, the 
«¢ temperature of the air is very ; differing at the 
« fame-times of the year. 

I chofe to exprefs my felf thus, to ssiesveia 
Yome ambiguities-and objections, which I fore- 
faw, that fhorter, but lefs dear and full expred- 
fions, might give occafion to. 

In the proof of our propofition, both ex- 
perience and reafon may diftinétly be imployed. 
And to begin with experience, 

WHEREAS in the above recited defcent in- 
to the Hungarian mines, there was obferved a 
notably cold region of a confiderable thicknefs, 
I have purpoiely procured accounts from divers 
perfons, that have here in Eagland had occalion, 
fome of them, frequently to defcend into deep 
pits or grooves of differing minerals, without 
finding by the narratives they made me, that 
they took notice of any notably cold part that 
they paffed thorough ; unlefs I particularly 
afked a queftion about fuch a thing. But tor 
ought I could gather from their fpontaneous re- 
Jations, they felt in fummer-time a remiifion of 
the heat of the external air, as foon as ever 
they began to defcend ; which warmth did not 
fo far decreafe, as to terminate in any notable 
coldnefs, before they came into a deeper part 
of the earth, where they are never troubled 
with that quality. And fome of thefe rela- 
tions I had from profeffed miners, and was cu- 
rious, that the relations I procured {hould be of 

fubterraneal parts feated in very differing parts 
of England, as wellas of places not all, or 
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moft of them having veins of one an! the fime 
mineral. And I learned by pate tcudar Inquiry 
from a practical mat miatician, that was ofen 
impioyed about lead mines, that at fuch qepth. ; 
as (according to svorinus) the fLcond region 
of the carth reaches to, he himicif obtz eds IC 
to be fentioly warm at all icafons of the year 
(fur about that circumitance, [ was peculiarly 
follicitous to be fatisficd. ) 

Nor is it unconfonant to reafon, that the 
middle rcgion of the earth, in the oe meant 
in the pr opofition, fhould not be of the fame 
temperature in all places; not only becaufe of 
the duterences, which the climate may produce 
by reafon of its being very much hetter, or 
very much colder in one place than in another : 
but from‘the peculiar conftitution of the foil ; 
to the confideration whercof I fhall here con- 
fine my telf. 

Now this tempcrament of the foil it felf 
may be diverfiaed, not only by its greater or 
Icffer compactnefs (upon which account fome 
foils are rocky or ftony and others light and 
{fpongy) but from the nature of the iprings or 
fuvterrancous Jiquors, that may abound in it, 
or ftrzin through it into the groove or pit, we 
fuppole theobierver to bein; and that efpecially 
by the minerals, particularly falts, and marcha- 
fites, that grow near the fides of the well, or are 
brought thither by the waters. 

To illuftrate this, give me leave to confider, 
that nature does not regulate her felf under 
eround by our imaginary divifions; but, with- 
out taking notice of them, produccs marcha- 
fites, falts, and other minerals, moft frequently 
perhaps in what we call the lower region of the 
earth ; but yet fometimes too in our upper re- 
gion, and oftentimes in our middlemott region. 
Letus then fuppofe, that infome places ofthis lait 
named region, there be a mine of that earth, 
that naturally abounds with embryonated nitre, 
or with fome other falt, that 1s apt, efpecially 
being diffolved or moiftened with water, (a 
thing very familiarly to be met with in mines;) 
to fend out a refrigerating effuvium, or by its 
contact to cool the air. Let us alfo fuppofe, 
that by the fides of another well of the fame 
depth, there are ftore of unripe minerals, that 
are inthe procefs of generation, or rather a 
great quantity of marchafincal earth, if I may 
fo call it, that is fuch a fubitance, as I have mec 
with in more than one place, copiouly im- 
pregnated, and as it were blended with mine- 
rals of a marchafitical nature ; and yet of fo 
open and loofe a texture, as not only water 
would ina few hours, but air alfo would not 
in very many evidently work upon it. And 
fince during the time, that marchafites are flow- 
ly diffolving, ithas been obferved, according to 
what we have elfewhere delivered*, that many 
of them will conceive a very confiderable de- 
gree of heat; will it not be very probable, that 
the temperature of the earth in the place, that 
abounds with thefe marchafitical minerals, will 
be very warm in compariion of the temperature 
of theother place, where the fuil does plencifully 
produce r.i:rous, and other refrigerating bodies ; 

though 


* The tract here pointed at is a Difcourfe of Subterraneal fires and heats, 
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though both the plac s he fuppofed to be at the 
fame ciilance trona the furface of the carth, and 
cont quently in tie fame fubterrancous region. 

[(fpon the dike grounds, it may alfo be 
fulpecad, that in the lame places the tempera- 
ture may not be always the fame, even upon 
the accourntot the foil. For I elfewhere fhew, 
that fome faline carths, efpecially nitrous, and 
fome2 minerals, that partake of the nature of 
marchafites, admit a kind of maturation, and 
perhaps other changes, that feem to be {ponta- 
neous; and that fuch changes happen the 
more notably in thofe parts of fuch bodies, that 
are cxpolcd to the air, as thofe are, that chance 
to be placed at the fides of the deep wells we 
are talking of. Which things being pre-fup- 
pofed, it will not be abfurd to conceive, that 
the mineral, to which either heat or cold 1s to 
be referred, may be more copious, ripe, and 
operative at one time, than at another; or, 
that at length all the earth capable of being, 
as it were, affimilated by the mineral rudi- 
ments harboured init, may be confumed, or 
the mineral it {elf may arrive at a perfection 
of maturity, which will make its texture fo 
clofe, as to be unfit tobe penetrated, and wrought 
upon, as before, by the water or other liquor, 
that occafioned its incalefcence. 


CHAP. Vif. 


OMIT to fpeak of the tranfient changes, 

that may be occafioned in the temperature 
of the fecond region of the earth by feveral ac- 
cidents, and efpecially by the fubterraneal ex- 
halations, that in fome places and times copi- 
oufly afcend out of thelower regions of the earth. 
Nor fhall I infift upon any of the other caufes 
of a more durable difference of temper in fome 
parts of the fecond region, fuch as may be the 
vicinity of fubteraneal fires in the third region 
that heat the incumbent foil ; becaufe I would 
haiten to the third and laft part of this dif- 
courfe ; which yet I muft not do, without pre- 
mifing this advertifement, that I think myfelf 
obliged to fpeak the more hefitantly and difh- 
dently about the temperature of fubterraneal 
air, becaufe mineralifts have not had the cu- 
riofity to examine it by weather-glaffes, which 
would give us much more trufty informations, 
than our fenfe of feeling powerfully pre-aftected 
by the cold or heat of the external air. I did 
indeed fend fit inftruments to fome days Jour- 
ney from this place, to examine the air at the 
bottom of fome of our deep mines; but through 
fome unlucky cafualties upon the place, the 
attempt mifcarried, But when I fhall (God 
affifting) recover an opportunity, that I have 
fince wanted, I hope an accurate fealed wea- 
ther-glafs, joined with a portable baroicope, 
will give me better information than mineralitts 
have yet done. I fay a fealed weather-glafs, 
becaufe though common thermoicopes had 
been employed by miners, I durit not’ rely 
upon them; being perfwaded by trials pur- 
potely made, as well as by the reaion of the 
thing, of the fallacioufnefs of fuch thermo- 
fcoves: for in them the included air is lable 
to be wrought upon, not only by the heat and 
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coldness, but by the waht or preflure of the 
external air. So that if a thermotcope be let 
down trom a very confiderable height, at the 
top of which the ftation of the pendulous 
liquor be well marked, that liquor will be found 
to have rifen, when the inftrument refts at the 
bottom, as if the included air were mani- 
feftly refrigerated ; though the temper of the 
external air may be in both places alike, the 
caufe of the pendulous liquor’s rifing being 
indeed, that the aereal pillar incumbent on the 
ftagnant liquor is higher and heavier at the 
bottom, where the inftrument refts, than that, 
which leaned upon it, at its firft or upper fta- 
tion nearer the top of the atmofphere. From 
whence it will be ealy to conclude, that at the 
bottom of a deep groove, where the atmofphe- 
rical pillar, that preffes the ftagnant water, will 
be much longer and heavier than at the top, 
the air may appear by the inftrument to be 
colder in places, where it is really much hotter, 
the increafed weight of the incumbent air being 
more forcible to impel up the pendulous liquor, 
than the endeavour of expanfion procured in 


the included air by the warmth of the place is 
to depreis it. 


CHAP. VIII. 


HAT, which challenges the third and laft 

part of my difcourfe, is the lowermoft 

region of the earth, about whofe temperature 

I fhall comprize, what I have to fay in the 
following propofition. 


Proposition IV. 


“< Tue third region of the earth has been 
“* obferved to be conftantly and fenfibly warm, 
“* but not uniformly fo, being in fome places 
*¢ confiderably hot.” 

I mention, that the recited temperature has 
been obferved in the lower region, becaufe I 
would intimate, that I would have the propo- 
fition underftood with this limitation, as far as 
has been yet (that I know of) obferved. For 
almoft all the deep grooves, that mineralifts 
have given us accounts of, and wherein men 
have wrought long encugh to take fufficient 
notice of the temperature of the air, have been 
made in foils furnifhed with metalline oars, or 
other minerals, without which men would 
not be invited to be at fo great a charge, as 
that of finking fo very deep pits, and main- 
taining workmen in them, So that experience 
has yet but flenderly, or at leaft not fufficiently 
informed us of the temperature of thofe parts 
of the third region of the earth, that are not 
furnifhed with ponderous minerals; and con- 
fequently has not informed us of the tempera- 
ture of the lowermoft region in general; as 
will better cppear by whatI fhall ere long 
reprefent. 

Havine premifed this advertifement about 
our propofition, we may proceed to the diftinét 
proof of the two parts or members it confifts 
of. 

Awp to begin with the firft, whatever the 
peripateticks teach of the innate coldnefs of the 
earth, elpecially where it is remoteft from the 

mixture 


mixture of the other elements; yet having 
purpofely enquired of feveral perfons, that vifited 
and alfo frequented the third region in differing 
countries, foils, and at differing depths under 
ground, and feafons of the year, I did not per- 
ceive, that any of them had éver found it fen- 
fibly and troublefomely cold in the third region 
of theearth, And on this occafion I remem- 
ber, I had fome light fufpicion, that at leaft in 
fome cafes, the narrownefs of the cavities, 
wherein the diggers were in divers places re- 
duced to work, might make the warmth they 
felt proceed in great part from the fteams of 
their own bodies, and perhapsof the minerals, 
and from the difficulty of cooling or ventila- 
ting the blood in an air clogged with fteams. 
And I was the rather induced to think this pof- 
fible, becaufe I had (even in metalline mines, 
that were but fhallow and very freely acceffible 
to the air) obferved a ftrong fmell of the me- 
tal abounding there. 

I have likewife found by feveral trials, that 
the exhalations, that proceed from the bodies of 
animals; do fo vitiate the air they abound in, 
as to make it much lefs fit for their refpiration, 
and to be apt to make them fick and faint, 
Wherefore I thought it not altogether unfit to 
inquire, whether the heat of the fubterraneal 
air, in fuch places as have been newly mentioned, 
might not be referred to thefe caufes. But I 
was anfwered in the negative; efpecially by an 
inquifitive perfon, that had been in the deepeft 
and hotteft mines, that have been vifited by any 
acquaintances of mine. 

Tu 1s way of accounting for the fubterraneal 
warmth being laid afide, it feemed, I confefs 
fomewhat difficult toconceive, how it fhould be 
produced yet ; two principal caufes there are, to 
which J think we may probably refer the tem- 
perature of thofe places, where the airis but 
moderately warm. To which a third is to be 
added; when we come to give an account, why 
fome places are troublefomely hot. } 

Anp firft, why thecoldnefs of winter fhould 
not be felt in the lowermoft region of the earth 
may be, that the air there is too remote from 
the fuperterreftrial air, to be much affected with 
thofe adventitious caufes of cold, that make 
that quality intenfe in the air above ground. 
But becaufe this reafon fhews rather, why it 
fhould not be in the earth’s lower region much 
colder in winter than in fummer, but not why 
it fhould be in all feafons warm there ; I fhall 
add as a conjecture, that the pofitive caufe of 
the actual warmth may proceed from thofe 
deeper parts of the fubterraneal region, which 
lie beneath thofe places, which men have yet 
had occafion and ability to dig. For it feems 
probable to me, that in thefe yet unpenetrated 
bowels of the earth, there are great {tore-houfes 
of either actual fires, or places confiderably 
hot, or, (in fome regions) of both; from 
which reconditories (if I may fo call them) or 
magazines of ‘hypogeal heat, that quality 1s 
communicated, efpecially by fubterraneal chan- 
nels, clefts, fibres, or other conveyances, to the 
lefs deep parts of the earth, either by a propa- 
gation of heat through the fubftance of the in- 
terpofed part of the foil, (as when the upper 
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part of an oven is remifsly heated by the fame 
agents, that produce an intenie heat in the ca- 
vity,) orby amore eafy diffulion of the fire or 
heat through the above-mentioned convey.'rces, 
as may be exemplified by the pipes, that convey 
heat in fome chemical ftructures:) or elfe, 
(which is perhaps the moft ufual way,) by fend- 
ing upwards hot mineral exhalations and iteams, 
which by reafon of the comparatively heavy 
minerals they confift of, and by reafon of their 
being lefs difperfed nearer the places whence 
they proceed, are ufually more plentiful in the 
deeper parts of the earth, and fomewhat affect 
them with the quality, that they brought from 
the work-houfes where they were formed, and 
that they retain for fome time after. 


CH‘A P. IX, 
Thana manifett fteams oftentimes are 


found in grooves, efpecially in deep 
ones, is evident by the damps, that infeft moit 
of them, and that in diftant regions, as in fe- 
veral provinces of Germany, Bohemia, Hune 
ary, &c. as alfoin feveral parts of England, 
in grooves, fome of which I have received re- 
lations from the mine-men themfelves. By 
which it appears, that feveral of thefe exhala- 
tions afcending from the entrails of the earth 
are fulphureous and bituminous in {mell, and in 
fome grooves (one whereof I elfewhere men- 
tion my felf to have vifited) thefe fteams are 
apt, actually to take fire. 
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Tue warmth of many fubterraneal exhala- _ 


tions, I think, maybe made further probable by 
fome other obfervations, For though thele 
newly mentioned are not to be rejected, and. 
may be employed for want of better; yet I 
have feveral times queftioned, whether I ought 
to acquiefce in them alone. For I do not think 
the eafy inflammablenefs of bodies to be al- 
ways a fure proof of the actual fenfible warmth 
of the minute parts it confifts of, or may,be 
reduced into. For though falt-petre be very 
inflammable, yet being by a folution in fair 
water reduced to invifible corpufcles, it highly 
refrigerates that liquor. Nor have I obferved 
its fumes, (when far from the fire,) to have any 
heat fenfible to our touch. And the like may 
be faid of the exhalations of highly rectified 
fpirit of wine; which yet we know is itfelf 
totallyinfammable. Nay I know not, whether 
(for a reafon elfewhere declared) copious exha- 
lations may not afcend from the lower parts of 
the earth, and yet be rather cold than hot. 
For, in another paper, I mention a way by 
which Imadea mixture, that plentifully enough 
emitted ftearns, of whofe being rather of a 
cold, than a hot nature, there was this proba- 
bility, that the mixture whence they aifcend- 
ed, even whilft its component ingredients were 
brifkly acting upon one another, was not only 
fenfibly, but confiderably, cold. 

One main thing therefore, that induces me 
to affent to the opinion, whereto the former 
inftances do but incline me, 1s, that having 
purpofely inquired of an obferving man, that 
frequented deep mines, (wherein he hada con- 


fiderable fhare,) he anfwered me, that he plainly 
Dd obferved 
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obferved the fumes, that came out of the 
mouths of the deep pits; to be aétually and 
fenfibly warm, and, that in a warm feafon of 
the year. And Morinus (qbove cited) fpeak- 
ing of the deep Hungarian mines, makes it the 
firft epithet of the copious exhalation, that 
afcended from the bottom, that it was hot. 
And a few pages after he fays, that at the 
mouth of the well, the afcending fumes were 
fenfibly hot in fummoer itfelf. And the fame 
arguments, that I have elfewhere given to fhew, 
that there are very. hot places, and, as tt were 
zeftuary in the bowels of the earth, may ferve 
to make tt probable, that the {teams afcending 
thence may be aétually warm. 

THatT alfo in many places of the earth, 
Where no grooves are dug, and no vifible ex- 
halations are taken notice of, they may yet 
pervade the foil, and exercife fome operations 
of wartnth, may be probable by this, that the 
experienced Agricola himfelf reckons it among 
the figns of a latent mineral vein, that the 
hoar-froft does not lie upon that traét of the 
furface of the earth, under which a vein 
(though perhaps very deep) nms. The like 
direétions | have known given by the fkilful 
in England, for the difcovety of places, that 
contain coal-mines. And I remember a near 
relation of mine fhewed me a great fcope of 
Jand of his, which (though in an outward ap- 
pearance likely to be as cold as any place 
thereabouts,) he affirméd, would not fuffer 
{now to lie upon it above a day or two in the 
midft of winter. 

Tue probability of which relation was con- 
firmed, to me by the anfwer I received from a 
very ingenious gentleman, who lives among 
mines, and is not a little concerned in fome 
of them. For having inquired of him, what 
he had obferved about the lying, or nat lyme 
of the fnow on the mineral foils near the place 
of his refidence; he replied, that in fome of 
them, he did not take notice of any peculiar 
indifpofition ta let the ice and fhow continue on 
them.; which I conceive may proceed, either 
fromm the want of fuch minerals in the fubjacent 
parts, as were then in the ftate of incalefcence ; 
or elfe from this, that (according to what we 
have elfewhere obferved about the fnow on 
(f-tna) the direct afcenfion of the hot fteams 
was hindered by fome layers of rocks or ftone, 
through which the fteams could not penetrate, 
er could do it but fo flowly, as to loofe their 
actual warmth by the way. But this gentle- 
man added, that in other places, near that of 
his abode, and fuch as he knew to have mi- 
nesal veins beneath them, he obferved, that 
the {now, (nor the ice) would fcarce continue 
at all npon the furface of the ground, even is 
an extraordinary cold winter. 

Ir will be a confiderable inftance to our pur- 
pofe, if it be indeed’ true, which fome learned 
mien have written, that near the gold-mines in 
fTungary, the leaves of the trees (efpectally 
thofe, that refpect the ground) are oftentimes 
found enobled with a golden colour from the 
metalline exhalations af'the gold mines; which, 
one would think, muft by reafon of their pon- 
derquinefs need a confiderable heat to elevate 
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them; efpecially into the open air. But though 
doubting of this relation, as not made by mi- 
neralifts or accurate obfervers, I inquired 
about it of a perfon, whofe curiofity carried 
him purpofely to vifit thofe mines, I was an- 
fwered, that he could not be a witnefs to the 
truth of the obfervation ; yet he told me an 
obfervation (which I elfewhere mention) that 
doth not difcountenance that tradition. 

Tr it be objected, that what has hitherto been 
faid about latent fires and heats in the bowels 
of the earth, will give an account of the 
warmth only of thofe places, that are within 
reach of the action of fuch magazines of heat, 
which probably may be wanting in many places 
of the earth; I fhall readily confefs, that as I 
firft made this objection to myfelf, fo. do not 
yet difeern it to be unreafonable; and, that for 
ought I know, if men had occafion to dig as 
deep, and be as far converfant in many other 
low places of the earth, where there are no 
figns of minerals, as they have done, where the 
hopes of aétual difcovery of veins of metals, 
and other minerals worth working, have in- 
vited then, divers places in the third. region 
of the earth would be met with, that would be 
deftitute of the warmth, that has hitherto been 
generally found in places of the fame. region, 
that either abound with minerals themfelves, or 
are near fome of the deep and latent zeftuaries 
above-mentioned. 

AnD as for thofe parts of the third region 
of the earth, which men feel not only warm, 
but troublefomely hot, that incommodious de- 
gree of heat feems not, (at leaft in fome places) 
to be derivable from the two above-mentioned 
caufes ; which muft, (to produce fo confide- 
rable an effect,) be affifted by a third caufe more 

tent than themfelves : which feems to be the 
mecalefcence there is produeed in many mines, 
and other places, by the mutual aétion of the 
component parts promoted by water of imma- 
ture and more leofely contexed minerals, efpe- 
cially fuch as are of a marchafitical nature. 
Phat fuch an inealefeence may by fuch a way 
be produced in the bowels of the earth, I have 
elHewhere fhewn (in my difcourfe of {ubterraneal 
fires and heats) by the examples of fuch incale- 
fcences procttetble in mineral bodies here above 
ground, That marchafites, which for the moft 
part abound in vitriol, are bodies very fit to 
procure this fubterraneal heat, may be con- 
firmed not only by the fulphureous and faline 
parts they abound_with, and by this, that 
many of them may be wrought on, as we have 
tried, both by fimple water, and even by moift 
air, Which argues the refolublenefs of their 
conftirution ; but alfo by this, that having 
purpofely‘inqnired of a gentléman, that went 
out of curiofity to vifit one of the deeper Hun- 
garian mines, he confirmed to me what I had 
otherwife been informed of, by anfwering me, 
that in the lower parts of the mine, he had ga- 
thesed vitrtol, that appeared.above ground to 
be of a golden nature; and, that in a cave, 
that ts on one fice of the groove, in the deep 
gold mine near Cremme#zo, the corrofive fmell 
is fo {trong and noxious, that men have not 
dared to die out the native gold it richly 
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with, being deterred by the ill fate of divers, 
that ventured to work in it. Adding, that 
though he paffed by it in great hafte, yet he 
could not avoid the being offended by the noi- 
fome exhalations. And on this occafion, it 
will not be, I prefume, difliked, if I iluftrate 
what I was faying of immature minerals, by 
fubjoining, that having afked this chemift, 
whether the vitriol he found very deep under 
ground were all folid, or fome of it foft? he 
affirmed, that as he gathered it, he found fome 
of it fof. And to fatisfy my curiofity, to 


know whether it continued that yeilding con- . 


fiftence? he farther told me, that it was foft in 
the deeper part of the mine; but when he had 
brought it into the fuperterreftial air, it har- 
dened there, and appeared to have nine divers 
golden ftreaks in it. 


CHAP. X. 


NE thing there is, which muft not be 
C) here omitted, though it will probably be 
great news to thofe, that philofophize only in 
their ftudies, and have not received informa- 
tion from any that vifited the deeper parts of 
the earth. The phenomenon ts this, that the 
diggersin mines, having found by unwelcome 
experience, that in deep grooves, the air (un- 
lefs ventilated and renewed) does 1n a fhort 
time become unfit for refpiration, have been 
put upon this expedient, to fink, at fome con- 
venient diftance from the groove where the 
miners work, another pit, by fome called a 
vent pint, that ufually tends directly down- 
wards (though fometimes it make angles) to 
which our Englifh mine-men do in feveral 
parts of this kingdom give differing names, 
whereof the moft fignificant fees to be that 
given it in the lead mines of Derbyfbire, where 
they calf itan air-fhaft, and are wont to make 
it 40, 50, and fometimes 80 or 100 paces off; 
and, as one of the chiefand fkilful miners there 
informed me, as deep as the groove or well; 
(though I find, that the beft German and fome 
Enelifh miners think a lefs depth will often 
fufice) from this air-fhaft to the groove the 
men work in there paffes a channel, or, if I 
may fo call it, ventiduct, to convey the air 
from the former to the latter ; which 1s that, 
that Agricola fometimes (for he employs not 
the term always in the fame fenfe) denotes by 
his cuniculus ; and which though differingly 
named by our miners in-feveral parts of Eug- 
land, is in the above-mentioned lead mines 
called a drift, becaufe the air does ufually in 
the form of wind drive through it ; and there- 
by enables the workmen to breathe freely and 
conveniently enough at the very bottom of the 
well. On this occafion I remember, that a 
very obferving man, who much frequented 
thefe mines, told ine, that at the depth of no 
lefs than about 200 yards, he found, that by 
the help of the air-fhaft, the air was not only 


* Tdcirco fcrobes, putei cuniculi effoffi complentur exteriore aere. 
tempore cvidens eft in duobus puteis, ad quorum utrumque ex modico intervallo cuniculus aliquis pertinet. 
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very commodious for refpiration, but tempe- 
rate as to heat and cold. And when I further 
afked, what time of the year it then was? he 
told me it was about the latter end of Augutt, 
and the beginning of September. 

Now that, which feems to me to deferve a 
farther and accurate obfervation about the mo- 
tion and temperature of the air in thefe artifi- 
cial under-ground cavities, is a relation of 4. 
gricola’s, which (though he be the moft cla 
fick author we have about mines) has not, that 
I know of, been taken notice of, inhim. For 
this experienced writer, though in his treatife 
* de ortu  caufis fubterraneorum, he only fays 
indefinitely, that by means of the cuniculus or 
drift, which connects the air-fhaft and the well, 
that air, which comes in at one of thofe two, 
paffes out at the other; yet in his fifth book, 
de re metallicé, he gives a more particular and 
odd account of the courfe of the air in thefe 
not over-clear terms, acer autem exterior fe fud 
Jponte fundit in cava terre, atque cum per ea 
penetrare pote, rurfus evolat foras. Sed diver- 
{a ratione boc fieri Jolet ; etenim vernis & efti- 
wis diebus in altiorem puteum influit, FP per cu- 
niculuin vel foffam latentem permeat, ac ex bu- 
miliori effluit ; fimiliter iifdem diebus in altiorent 
cuniculum infunditur, €8 interjetto puteo defluit 
in buiniliorem cuniculum, atque ex eo emanat. 
Autumnali vero §8 byberno tempore contra in 
cuniculum vel puteuns bumiliorem intrat, €? ex 
altiori exit: verum ea fluxionum aeris mutatio 
in temperatis regionibus fit in initio veris, &9 in 
fine autumni : in frigidis autem, in fine veris &9 
tn initio autumni, ‘To which he adds, +that 
which 1s more remarkable, that the air in 
both the mentioned times, before its wonted 
courfe come to be durably fettled, ufes to be 
for the fpace of a fortnight liable to frequent 
changes, fometimes flowing into the upper or 
higher groove or drift, and fometimes into the 
lower, and paffing out at the other. If this 
obfervation conftantly hold, though but in 
fome deep mines, it may hint fome odd in- 
quiries about confiderable and periodical changes 
in the fubterraneal parts of the earth, or in the 
air, or in both; which, though they have not 
yet been confidered, deferve to be fo. I have 
endeavoured to learn, whether any fuch thing 
has been obferved in fome deep lead mines, 
whence I have procured divers informations a- 
bout other particulars. But a very obferving 
perfon, that had the chief hand in contriving 
the fubterraneal ftructures there, affured me, 
that both winter and fummer, the current air, 
went conftantly the fame way; the air entring 
in at the mouth of the air-fhaft, and coming 
out at the perpendicular groove, which takes 
its denomination from a cave, (or ca/a putealis) 
ufually built over the orifice of it, to fhelter the 
workmen from rain, and other inconveniences, 

Awnp fince the writing of this, I found in 
Morinus (his relation already mentioned) a paf- 
fage, that may fomewhat illuftrate the darkly 

expreffed 


Atque ipfum in eos influere imprimis hyemali 
Nam aer in 


unum continuo influit, rectaque per cuniculum permeat & tranfit ad alterum ; atque ex eo rurlus evolat foras. 
+ Sed zer utroque tempore, anteaquam curfum {uum illum confuetum conftanter teneat plerumque quatuor decem di- 
erum {patio crebas habet mutationes, modo in altiorem puteum ve! cuniculum influyens, modo in humiliorem. 
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For the 
lately mentioned author writes, that in the 
deep Hungarian mines he vifited; the out- 
ward air paffed, firft, through the boroughs, 
and fo’ through by-ways, if I may fo call them, 
that tended not directly downwards, reached 
at length to the bottom of the well, or perpen- 
dicular groove, whence, together with the 
fleams proceeding from the mine, it afcended 
ftrait upwards. But Mortnus taking no no- 
tice at all of Agricola’s obfervation about the 
differing courfe of the fubterraneal air at dif- 
fering feafons of the year, though, as I find 
by what he writes elfewhere, it was fummer 
when he vifited the mines, and fo what he 
reports, agrees well with one part of what 
gricola feems to fay; yet, as to the other, and 
principal part of his obfervation, he fays not 
any thing. And the-fenfible heat he afcribes 
to the fteams afcending out of the perpendicu- 
lar well, leaves it fomewhat dubious, what in- 
tereft the rarefaction of the air by the fubter- 
raneous heat may have in the phenomena we 
have been difcourfing of. ~ 

_ Burt to return to what I was faying before I 
had occafion to mention Morinus. Which 
perhaps it will not be impertinent to add, that 
I learned by inquiry, that the air-fhafts and 
the wells were in thefe mines much of a depth. 
But 1 hope before long to have accounts of 
what happens in other mines, in other parts of 
England, asto the courfe of the fubterraneal 
air, efpecially when its iffuing out of the well 
or the air-fhaft depend not on the changes of 
the winds, that blow above ground: and I wifh 
the curious would employ the like endeavours 
in other countries. 

For indeed, what I have hitherto difcourfed 
in this treatife, is accommodated but to the 
{eant information I have hitherto received; 
and therefore ought to be re¢tified, or con- 
firmed, by farther informations, ifthey can be 
protured.. 

In the mean time, I think, I may proba- 
bly enough gather from the paffed difcourfe, 
that though in fome mines, three fubterraneal. 
regions, and their diftinguifhing attributes, may 


be not inconveniently affigned; yet generally 
{peaking of the whole body of the terreftial 
globe, as far as we know it, both the bounds 
and the temperature of the regions of the earth, 
as well as thofe of the air, are various and un- 
certain enough. 

Awnp much lefs have we any certain know- 
ledge of the temperature of the more inward, 
and, if I may fo fpeak, the more central parts 
of the earth; in which, whether there be not 
a continued folidity, or great traéts of fluid 
matter, and whether or no differing regions 
are to be difttnguifhed, and what their num- 
‘ber, order, thicknefs, and qualifications may 
be, we are as yetignorant, and fhall, I fear, 
Jong continue fo; for it is to be noted (with 
which obfervation I fhall conclude) that what 
has been hitherto difcourfed belongs only to 
the temper of thofe fubterraneal parts, to which 
men have been enabled to reach by digging. 
It is true indeed, that fome mines, efpecially 
in Germany and Hungary, are of a ftupendous 
depth, in comparifon of the generality of ours, 
and of the more obvious cavities of the earth; 
yet I find it boafted ina difcourfe, written pur- 
pofely of the various mines in the world, that 
the rich mine at Sueberg 1s 400 yards deep : and 
they are fcarce believed, that relate one Hun- 
garlan mine, which they vifited to be yoo fa- 
thom; which, though double the depth of the. 
former, reaches not to half a mile. But the 
deepeft of all the mines, that I have as yet 
read or heard of from any credible relator, is 
that, which the experienced Agricola, in the 
tract he calls Bermannus, cap. 12. mentions to 
be at Coftteberg. But this itfelf, though it 
reach to above 500 fathom, that is, 3000 foot, 
yet this prodigious depth does not much ex- 
ceed half a mile, and falls fhort of three quar- 
ters; * and how fmall a part is that of the 
whole depth of the terreftial globe? whofe 
femidiameter, if we admit the recent account 
of the learned Gaffendus, is reckoned at 4177 
Italian miles; in comparifon of which, as I was 
faying, how {mall a thing is a depth, that falls 
very fhort of a fingle mile? 


* Licet varie de ambitu terre opiniones fint, nobis tamen propemodum conftet, effe ipfam milliarium Italicorum 
26255, quod in maximo ad terre fuperficiem circulo refpondeant tni gradui milliaria proximé 73, &c. Gaffend, Inftit. 
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CHAP. I. 
HOUGH the Ariftotelians, who 


believe water and air to be recipro- 
cally tranfmutable, do thereby fancy 
an affinity between them, that Iam 
not yet convinced of; yetI readily allow of fo 
much affinity betwixt thofe two fluid bodies, as 
Invites me (after having treated of the tempe- 
rature of the aerial regions) to fay fomething 
of that of the fubmarine regions: which name 
of fubmarine, though I know it may feem im- 
proper, I therefore fcruple not to make ufe of, 
becaufe even among the generality of learned 
men, ufe has authorized the name of fubter- 
raneous places. For as thefe are not by this 
name, and indeed cannot in reafon be fuppofed 
to be beneath the whole body of the earth, but 
only the fuperficial parts of it; fo by the appel- 
lation of fubmarine regions it is not to be fup- 
pofed, that the places fo called are below the bot- 
tom of the fea, but only below the furfacc of it. 
But to come from words to things, I pre- 
fume it will not be expected, that I, that never 
pretended to be adiver, fhould give of the re- 
gions, I am to treat of, an account built on my 
own obfervations ; and I hope it may gratify a 
reafonable curiofity about a fubjeét, of which 
claffickk authors are fo very filent, and about 
which philofophers feem not fo much as to 
have attempted any experiments (for want of 
Opportunities and means to make them.) I offer 
the beft information I could fupply myfelf with, 
by purpofely converfing with perfons, that have 
dived, fome without, and fome by the help of 
engines. ‘Towhich I have added fome reports, 
that I judge fit to be allowed, made me by 
perfons, that had converfed with the divers 
upon thofe African and Indian-coafts, where the 
moft famousand expert are thoughtto be found. 
AnpvD I the rather report the anfwers and 
relations my inquiries procured, becaufe the 
informations they give us concern a fubject 
confiderable as well as vaft, about which ne- 
verthelefs I among many others am not in a 
condition to fatisfy at all my curiofity by trials 
of my own making ; and becaufe alfo, what I 
fhall fay will probably fpoil the credit of the 
vulgar error, that in all decp water, of which 
the fea is the chicfeft, the lowermoft are {till 
the warmeft parts, unlefs in cafe that in fome 
very hot climates, or featons, the fuperficial 
ones happen to be a little warmed by the cx- 
traordinary or violent heat of the fun. 
Vou. {II 


CHAP. ID. 
HOUGH * the air and the earth have 
been difcriminated as to temperature, 
into three regions; yet the informations I 
have hitherto met with, invite me to affign to 
the fea any more than two. The former of 
which may be fuppofed to reach from the 
fuperficies of it, as far downwards, as the mani- 
feft operation of the varioufly reflected and 
refracted beams of the fun, or other caufes of 
warmth penetrate ; from which to the bottom 
of the fea, the other region may be fuppofed 
to extend. 

AccorD1nG to this divifion, the limits of 
this upper region will not be always conftant ; 
for in the torrid zone, and other hotter cli- 
mates, it will, ceteris paribus, be greater than 
in the frigid zone or in the temperate zones ; 
and fo it will be in fummer than in winter ; 
and in hot weather than in cold ; fuppofing in 
thefe cafes the heat to come from the fun and 
aur, and not, as fometimes it may do, from 
the fubterraneal exhalations. 

THE fame caufes are likewife proper, as it 
is manifeft, to alter the temperature, as well as 
the bounds of this region; but this tempera- 
ture may alfo be changed in fome few places, 
by at Ieaft two other caufes; the one ts the 
differing conftitution of the foil, that compofes 
the fhore, which may affect the neighbour- 
ing water, if it do extraordinarily abound with 
nitre, loofely contcxed marchafites, or other 
fubftances capable confiderably to encreafe or 
leffen the coldnefs of the water. Another, 
though unfrequent caufe, may be the figure 
and fituation of the lefs deep parts of the fhore, 
which may in fome fort reverberate the heat, 
that proceeds from the fun; and upon fuch 
an account may either add to the warmth, or 
allay the coldnefs, that would elfe be found in 
the neighbouring water. For whatever the 
{chools are wont to teach about the intereft of 
the attrition of air in the heat produced by the 
fun beams, I have elfewhere fhewn by experi- 
ments, that thofe beams may confiderably ope- 
rate upon bodies placed quite under water. 

Besipes thefe two cafes, that may occafion 
exceptions to the general obfervation ;_ I inti- 
mated by the words, af /eaft, that there might 
be others. Becaufe, to mention now but one 
example, though it feem probable from what 
I have elfewhere delivered concerning the fub- 
terrancal fires and heats, that may in fome 
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places be met with, even bencath the bottom 
of the fea, that the phenomenon I am going 
to recite may be reduced to the caufes newly 
intimated ; yet I am not abfolutely certain, but 
that in this cafe, whereto fome others may per- 
haps be found refembling, fome other caufe 
than thofe hitherto mentioned may produce or 
concur to the effect. The relation here meant 
is afforded us by the following paifage, taken 
out of the voyage of Monfieur de Monts, into 
New-France, (whereof he went to be governor) 
where the relator thus recites his obfervation : 
About the eighteenth day of june we found 
the fea-water during three days {pace very warm, 
and by the fame warmth our wine alfo was 
warm in the bottom of our fhip ; yet the air 
was no hotter than before. And the 21ft of 
the faid month, quite contrary, we were two 
or threé days fo much compaffed with mifts 
and cold, that we thought ourfelves to be in 
the month of january, and the water of the 
fea was extreme cold ; which continued with 
us, until we came upon the bank by reafon of 
the faid mifts, which outwardly did procure 
this cold unto us. This effect he attributes to 
a kind of antiperiftafis in the following part of 
his narrative; which [ fhall not now either 
tranfcribe or examine. 


CHAP. JI. 


ND thus much being briefly noted touch- 
A ing the upper region of the fea, and the 
requifite cautions (that may perhaps extend 
further than it) being premifed ; it remains, 
that I take notice of the temperature of the 
lower region, which, in one word, is cold ; 
unlefs in fome few places to be prefently men- 
tioned. For water being in it’s natural or moft 
ordinary ftate a liquor, whofe parts are more 
flowly agitated than thofe of men’s organs of 
feeling, muft be upon that account cold as to 
fenfe ; and confequently it need not be ftrange, 
that thofe parts of the fea, which are too re- 
mote to be fenfibly agitated by the fun-beams, 
or wrought upon by the warmth, which the air 
and upper parts of the earth may from other 
caufes receive, fhould be felt cold by thofe that 
defcend into it; unlefsin thofe few places, where 
the coldnefs may be cither expelled or allayed 
by hot f{prings, or fubterreftial exhalations, flow- 
ing or afcending from the fubjacent earth, or 
the lower parts of the fhore, intothe incumbent 
or adjacent parts of the water. 

To juftily my afcribing of this colduefs to 
the fecond, or lower region of the fea, I fhall 
now fubjoin fome relations procured from per- 
fons, that had occafion to go down into it, or o- 
therwife take notice of its temperature in very 
differing regions of the world, and at very un- 
equa! depths. 

AnD firft as to the temperature of the lower 
region in the northern fea, [ had the opportu- 
nity to converle often, and fometimes to oblige 
a man bold and curious enough, who for fome 
years got the beit part of his fubfiftence by de- 
fcending to the bottom of the fea in an engine, 
whofe ftructure I elfewhere defcribe, to feek for, 
and recover goods loft in fhip-wrecked veffels, 


This perfon I diligently examined about divers 
fubmarine phenomena, about which his an- 
fwers may be elfewhere met with. And as to 
the temperature of the lower parts of the fea 
(the knowledge of which is that alone, that 
concerns us in this place) he feveral times com- 
plained to me of the coldnefs of the deep wa- 
ter, which kept him from being able to ftay in 
it fo long as he might have been put intoa 
condition of doing by the gocdnefs of his en- 
gine; for I remember, that he related to me, 
that he f{taid once betwixt an hour or two, at 
a depth, that was no greater than 14 foot and 
a half upon the coaft of Sweden, in a place, that 
was near the fhore ; and I afterwards learned, 
that he ftaid much longer in a deeper place ; 
(ufe having probably made the cold more fup- 
portable to him.) He told me then, that a- 
bout two yearsbefore, he was engaged by a 
good reward to go down with his engine to the 
bottom of the fea to fetch up fome goods 
of value out of a fhip, that had been caft a- 
way there within about a miles diftance from a 
very little ifland, and, if J miftake not, about 
fix miles from the fhore. He further anfwered 
me, that though he felt it not at all cold on the 
furface of the water, (his attempt being made 
in june) yet about the depth of the fhip, it 
was fo very cold, that he felt it not fo cold in 
England’s winter and frofty weather. And he 
told me, that an exceffive cold was there felt, 
not only by him, but by very fturdy men, who 
invited by his example would needs alfo go 
down themfelves to participate and promote the 
hoped for difcovery. He told me alfo, that 
the upper water did but cool and refrefh him ; 


_ but the deeper he went, the colder he felt it, 


which 1s the more confiderable, becaufe he had 
fome times occafion to ftay at-10 fathoms or e- 
ven 80 foot under water. And I fince found, 
that he informed divers virtuofi, that purpofely 
confulted him, that he found the coldnefs 
of the waterencreafe with its depth; and gave 
that for the reafon, why he could not ftay fo 
many hours as otherwife he might, at the bot- 
tom of the fea, Adding, that before his engine 
was well fitted, he was once fo covered over 
with it, that he was forced to touch the ground 
with his hands and feet, and the neighbouring 
parts, to which he found a coldnefs communi- 
cated by the fundus he leaned upon ; though 
the clofenets of his difordered engine made the 
other, and (whilft he was in that pofture) up- 
per parts of his body, of a very differing 
temper. 

AN inguifitive perfon of my acquaintance, 
that made a long itay in the Northern America 
(at about two or three and forty degrees of La- 
titude) and diverted himfelf often with fwim- 
ming under water, anfwered me, that though 
he fcarce remembered himfelf to have dived a- 
bove two fathoms beneath the furface of the 
fea ; yet evenat that {mall depth, he obferved 
the water to encreafe in coldnefs, the lower he 
defcended into it. Which argues, that though 
the fun-beams do often penetrate plentifully e- 
nough to carry light to a great depth under 
water, yet they do not always carry with them 
a fenfible heat; and that, at leaft, in fome 
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places, the upper region of the fea reaches 
but a little way. 

T HE coldnefs of the climate in thefe weftern 
parts of Europe, and the want of confiderable 
inducements to invite men to dive often to any 
great depth into our feas, has kept me from 
being able to procure many obfervations about 
the temperature of their lower region ; but up- 
on the hotter coafts of 4frick, and the Eaf- 
Indies, the frequent invitations men have to 
dive for coral, pearls, and other fubmarine 
productions, have made it poffible for me to get 
more numerous obfervations ; fome of which 
I fhall now annex. 

CHAP. IV. 

: EETING with a perfon of quality, 
WV who had been prefent at the fifhing of 
coral upon the fhoar of Africa, and who was 
himfelf practifed in diving, I inquired of him, 
whether he found the fea upon the African 
coaft to be much colder at a good depth, than 
nearer the furface ; whereto he anfwered me, 
that though he had feldom dived above three 
or four fathoms deep, yet, at that depth, he 
found it fo much colder than nearer the top of 
the water, that he could not well endure the 
coldnefs of it. 

Awp when I farther afked him, whether, 

when he was let down to the bottom of the 
fea, in a great diving bell (as he told me he 
had been) he felt it very cold, though the wa- 
ter could not come immediately to touch him; 
he replied, that when the bell came firft to 
the ground, he found the air in it very cold, 
though after he had ftaid a-while there, his 
breath and the fteams of his body made him 
very hot. 
._ TuaT alfo at a greater depth in thofe hot- 
ter climates, the fea-water is fenfibly cold, may 
be thus made probable: inquiring of a famous 
fea-commander, who had been upon the Afri- 
can coaft, to what depth he was wont to fink 
his bottles to preferve his wine any thing cool 
in that exceffive hot climate, he anfwered me, 
that in the day time he kept it in a tolerable 
temper fo as to be drinkable, by keeping it in 
the bottom of the fhip, and in fand; but in the 
morning he had it cool enough by finking his 
bottles over night into the fea, and letting them 
hang all night at 20 or 30 fathom deep under 
water. 

IneurRrineG alfo of an intelligent gentle- 
man, that was imployed to the river of Gam- 
bra, and failed up 700 miles in it, in a {mall 
frigate, whether he had obferved, that in the 
fea, even of thofe hot climates, wine may be 
preferved cool; he told me, that it might, and, 
that by the means I hinted to him, which was 
to let down, whenthe fhip came to an anchor 
in the evening, feveral bottles full of wine 
(they ufed that of Madera) exactly ftopped to 
ten, twelve, or fourteen fathoms deep; whence 
being the next morning drawn up, they found 
the wine cool and frefh (as if the veffels had 
been in thefe parts drawn up out of a well) pro- 
vided it were prefently drank, for if that cir- 
cuniftance were omitted, the heat of the air 
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on the upper part of the water would quickly 
warm the liquor. 

J remember too, that having met -with a 
man of letters, that failed to the Eaft-Indies in 
a Portugal-caraet, I learned by inquiry of him, 
that it was the practice in that great veffel for 
the captain and other perfons of note, whilft 
they pafs through the torrid zone, to keep 
their drink, whether wine or water, cool, by 
Jetting it down in bottles to the depth of 80, 
go, and jometimes an hundred fathom or bet- 
ter, and letting it {tay there a competent time; 
after which, he told me, he found it to be ex- 
ceeding cool and refrefhing. 

Last y, to fatisfy myfelf as far as I could, 
to how great a depth the coldnefs of the fea 
reached; meeting an obferving traveller, whofe 
affairs or curiofity had carried him to divers 
parts, both Eaf# and Weft-Indies, Linquired of 
him, whether he had taken notice of any ex- 
traordinary deep foundings in the vafter feas, 
to which being anfwered, that fome years ago, 
failing to the Eaft-Indies, in a very great hhip, 
over a place on the other fide the line, that 
was fufpected to be very deep, they had the 
curiofity to let down 400 fathom of line, and 
found they needed no lefs. Whereupon I in- 
quired of him, whether he had taken notice 
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foon as it was drawn up: to which he told me, 
that he, and fome others did ; and that the 
lead, which was of the weight of about 30, or 
35 lb. had received fo intenfe a degree of cold- 
nefs, as was very remarkable ; infomuch, that 
he thought, that if it had been a mafs of ice, 
it could not have more vehemently refrigerated 
his hands: and when IJ afked in what climate 
this obfervation was made, he told me, it was 
in the antarétick hemifphere, but at a great 
diftance from the line. As indeed, I concluded 
by fome circumftances he mentioned to me, 
that it was about the 35th degree of fouthern 
latitude. : 


CHAP. V. 


HESE are the chief relations J have 
hitherto been able to procure about the 
temperature of the fea ; which, if they be fo 
confirmed by others, as that we may conclude 
they will generally hold, it will not be ir- 
rational to conceive, that in reference to tem- 
perature, thofe two fluids, air and water, may 
have this in common, that where their fur- 
faces are contiguous, and in the neighbour- 
ing parts, they happen to be fometimes cold, 
fometimes hot, as the particles they confift of 
chance to be more or lefs agitated by the va- 
rioufly reflected fun-beams, or more or lefs 
affected by other caufes of heat. But that 
part of the air, which they call the fecond, and 
is f{uperior to the firft, as alfo the lower re- 
gion of the fea, being more remote from the 
operation of thofe caufes, do retain their na- 
tural, or more undifturbed temperature, which, 
as to us men, 1s a confiderable degree of cold- 
nefs, the agitation of their fmall parts being 
ufually in thofe regions much inferior to that 
of the fpirits, blood, and other parts of our 
organs 
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crgans of feeling. So that the regions of the 
water and air icem to anfwer one another, but 
in an inverted order of fituation ; and the ana- 
logy might perhaps be carried further, if I had 
time and opportunity to do it in this place. 
And here I fhall not diffemble, that I was 
fomewhat perplexed by mecting witha traveller, 
that had vilited the Eatt-indian coaft, near the 
famous Cape of Comory: for afking him fome 
queitions touching the neighbouring fea, I ga- 
thered from his difcourfe, that he concluded 
from that of fome divers, that the fea near Cey- 
fon was warmer at the bottom than at the top. 
And when I thereupon afked him, whether 
this happened not in their winter, he replied, 
that it was indeed winter, though not with us, 
yet with them. It occurred indecd to my 
thoughts on this occafion, that perhaps in a 
part of the torrid zone fo near the line as about 
80 degrees, if the fea were not of a confidera- 
ble depth, the heat of the two not far diftant 
fhores of Coromandel and Ceylon might have 
no fmall influence upon the temperature of the 
water. I confidered alfo, which did not a lit- 
tle weigh with me, that in divers parts of the 
Eaft-Indies, and even in a region bordering 
upon Coromandel, where an ingenious acquain- 
tance of mine lived fome years, it has been 
obferved, that winter and fummer are not fo 
much difcriminated by cold weather and hot, 
as by very rainy weather and very dry. Nay, 
in fome places the fultry heat of the climate is 
more complained of, in what they call their 
winter than their fummer. So that there will 
be ho neceffity to recur to an antiperiftafis oc- 
cafioned by the coldnefs of the winter. I 
thought too, that it may perhaps be without 
abfurdity fufpected, that as the bottom of the 
fea in this place hada peculiar conftitution, 
that fitted it more than others for the copious 
production of pearls; fo there might be fome 
peculiarity in the nature of the fubjacent foil, 
or there may be fome fubterrancal fire or heat 
beneath it, which may occafion an unufual 
warmth in that part of the fea, by which che- 
rifhing warmth, perhaps, fuch abundance of 
fhell fifhes teeming with pearls may be in- 
vited to fettle there, rather than in any .of the 
neighbouring places. But with all thefe con- 
jectures I fhould not have been fo well fatisfied, 
as with the anfwer I afterwards obtained by a 
gentleman, whofe curiofity had carried him to 
be an.affiduous fpectator of the famous pearl- 
fifhing, near the ifland of Manar, between 
that and the coaft of Coromandel, which reaches 
near, if not fully to the Cape of Comory. For 
this perfon having had much converfation 
with the divers for pearls, not only learned 
from them, that they found the water very 
fenfibly cold at the bottom, which in fome 
places he eftimated to be 80 or 100 fathom 
deep; but obferved divers of them at their re- 
turn to the boats, to be ready to fhake with 
cold, and haften to the fires, that were kept 
ready for them in little cabbins upon the 
fhore : which relation being accompanied with 
divers circumftances of credibility, and ar- 
cuing, the perfon that made it to lave been 
acquainted with the report above-mentioned, 
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and had met with fome, that had dived in the 
place whereto it had relation, made me con- 
clude, that as to that report, fomething ex- 
traordinary had happened in that place; or, 
that there was fome miftake of him to whom 
it was made; or, that divers did not defcend 
to a fufficiently confiderable depth. 

Ir I had been furnifhed with opportunity, I 
would have engaged fome ingenious naviga- 
tors to examine the temperature of the fubma- 
rine regions, beth of differing feafons of the 
year, elpecially the hotteft part of fummer, and 
coldnefs of winter, and with hermetically fealed 
weather-glaffes, in order to the difcovery of 
fuch particulars as thefe, whether there be in 
fome {eas any fuch varying differences of tem- 
perature, as may invite us at leaft in fome 
places, to make more than two fubmarine re- 
gions: whether the fubmarine coldnefs do at 
the bottom of the fea, or elfewhere, either equal 
or furpafs that degree, which we here find fuffi- 
cient to freeze common water: whether the 
parts of the fea-water are {till the colder, as 
they are the deeper: and whether or no this 
increafe of coldnefs be regular enough to be 
reducible to any fettled proportion. ut for 
the refolving of thefe and the like guclions, I 
did not cauielefly intimate, that a feaicd wea- 
ther-glafs was to be employed;. for I take a 
common one to be altogether unfit for fuch 
purpofes, not only becaule the fea-water would 
mingle with fuch liquors as are wont to be em- 
ployed in jt, for that inconveniency I could 
eafily remedy, by fubftituting, as I have feve- 
ral times done in other cafes, mercury inftead 
of ordinary liquors; but chiefly, becaufe the 
incumbent fea water would gravitate upon the 
reftagnant liquor of the weather-glafs, and 
thereby render its informations falfe or uncer- 
tain. According to what I have had occafion 
to obferve in another tract. 

WHERETO, that there may notin this place 
be any need to recur, I fhall adda flight expe- 
riment, that I made for the fatisfaction of fome 
ingenious men not well acquainted with hy- 
droftaticks, or not rightly principled in them. 
And this trial I fhall the rather mention, be- 
caufe many will not allow water to prefs upon 
mercury immerfed therein, this being a far 
more ponderous liquor than that ; and others 
will expect, that the included air, having no 
place to efcape out at, fhould refift the afcen- 
fion of the fubjacent mercury, more than in- 
deed it will. We made then a {mall weather- 
glafs differing from common ones, befides the 
bignefs, in that it was furnifhed with mercury 
inftead of water ; and in that we employed to 
contain the ftagnant mercury a glafs vial with 
a narrow neck, wherein, by a piece of cork or 
two, the ftem of the glafs ball was well faftened 
that this globular part of the inftrument might 
not be lifted up when it was under water. 
Then having by applying cold water to the 
outfide of the ball endeavoured to reduce the 
air to the fame temper with the water, or at 
leaft to an approaching degree of coldnefs ; 
and having taken notice of the ftation of the 
mercury in the fhank or {tem above-mentioned, 
we did, by ftrings tied about the neck -of the 
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finall vial, let the inftrument gently down into 
a large tall slafs body, filled with fair water, 
that the liquor and veffel being both tranfpa- 
rent, we might eafily perceive the motions of 
the mercury in the flender pipe. By which 
means it appeared, that, as the thermometer 
defcended deeper and deeper into the water, 
the mercury was prefied up higher aid higher 
in the ftem. And that it may not be fulpected, 
that this afcenfion- proceeded only, or chiefly, 
from the refrigeration of the air by the water, 
I fhall add to what I have juft now noted, that 
though the coldnefs of the water may well be 
fuppofed uniform, as at leaft‘to fenfe; yet the 
whole inftrument being leifurely removed fome- 
times to the upper furface of the water, fome- 
times to the lower, the rifing and falling of 
the quickfilver in the flender pipe was fuitable 
to the depth of its furface, or its diftance be- 
neath that of the water. (The like experiment 
we might have tried with a thermofcope fur- 
nifhed with water, and let into oil, or with 
-deliquated falt of tartar and pure fpirit of wine 
inftead of mercury and water ; if we had been 
furnifhed with fufficient quantities of thofe li- 
quors, and had judged it to be requifite.) But 
this circumftance I thought fit to admonifh 
the fpectators of, that it is not to be expected, 
that the mercury fhould rife as much in pro- 
portion,when it 1s (for example) a foot under wa- 
ter, as when it is but two or three inches; be- 
caufe, according as the inftrument is let down 
deeper, and the air crouded into a lefs room, 
the fpring of that compreffed air becomes 
the ftronger, and makes the more refiftance. 
“Which advertifement agreed well with the 
‘experiment, whofe other phenomena I pafs 
over as not pertinent to this place, where 
I would only juftify what I faid of the 
unfitnefs of weather-glaffes made, (though 
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with other liquors) after the common ways 
for making the fubmarine trials I propofed. 

Bur till fuch artificial obfervations can be 
obtained, we may from what has been above 
delivered probably gather, that though the 
lowermoft of the fubmarine regions be very 
fenfibly cold, yet water, at leaft that of the 
fea, does not by thefe phanomena appear to 
be the fummum frigidum. ‘Though I have 
been feveral times able to produce ice in falt- 
water, yet I find not by any obfervation, that 
there has been ice met with, and generated at 
the bottom of the fea, under which the earth 
has been found unfrozen by our divers; and 
appears to be foft at depths exceedingly fur- 
pafling the greateft they have reached; as 1s 
evident by the mud, gravel, &c. fetched from 
the bottom of the fea by founding plummets, 
let down to 80 or 100 fathom, or even a 
sreater depth, whereof examples may be met 
with in the journals of navigators: nay, my 
curiofity procured me this account, from the 
fober commander of a fhip, that came this 
year from the remoter parts of the great ocean, 
that at about 35 degrees of fouthern latitude, 
the tallow, with which his founding lead was 
anointed, brought him up grey fand from the 
immenfe depth of no lefs than two hundred 
and twenty fathom. But to this obfervation it 
is juft to annex this caution, that we cannot 
fafely conclude from men’s finding no ice at 
the bottom of the fea, that the cold there 
cannot be very intenfe ; for, as I have found by 
more than one relation (*elfewhere recited) that, 
whatever the fchools furmife, the fea 1s at leaft 
as falt at the bottom, as at the top; fo I have 
more than once tried, that falt water will 
without freezing admit a much greater degree 
of cold than 1s neceffary to turn frefh water 
into Ice. 
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m” DO not pretend to have vifited the bot- 
*% tom of the fea; but fince none of the na- 
@ turalifts, whofe writings I have yet met 

%e with, have been there any more than I ; 
and it is great rarity in thofe cold parts of 
Europe to meet with any men at all, that have 
had at once the boldnefs, the occafion, the 
opportunity, and the fkill, to penetrate into 
thofe concealed and dangerous receffes of na- 
ture, much lefs to make any ftay there; I pre- 
fume it will not be unpleafant, 1f about a fub- 
ject, of which, though none of thofe very few 
naturalifts, that write any thing at all, write 
otherwife than by hear-fay, I recite in this 
place, what I have learned by enquiry from 
thofe perfons, that among the many navigators 
and travellers I have had opportunity to con- 
verfe with, were the likelieft to give me good 
information about thefe matters. 

Ir would be needlefs here to take notice, 
that the fea is ufually cold and falt at the bot- 
tom; nor to repeat thofe other things, that I 
have already delivered in other difcourfes. 1 
fhall therefore begin what I have to fay in this, 
by relating, that one of the chief things, that 
I was folicitous to enquire after about the boi- 
tom of the fea, was, the inequality I fuppofed 
to be in the foil. For though the furface of 
the fea, when it is not agitated by the winds, 
appears very plain and level, and though it be 
indeed, at leaft in this, or that particular fea, 
fpherical and (phyfically fpeaking) concentrical 
to the earth; yet I could not think it probable, 
for reafons not neceffary to be here difcourfed 
of, that the bottom, the fuperficies of the 
ground, or of the veffel, that contained it, 
fhould be either flat or level, or regularly 
concave. 

To fatisfy myfelf about this matter, I en- 
quired ofa perfon, that had vifited the famous 
pearl-fifhing at the little ifland of Mamnar (near 
the rich ifle of Ceylon) in the Eaft-Indies, and 
had by his ftay there much opportunity to fee 
divers at their work, and converfe with them. 
By the anfwers of this man, who was a {cholar, 
I learned, that the divers had affured him, that 
they found the floor of the fea, if I may fo call 
it; in divers places, exceedingly unequal, in 
fome places being; flat, in others afperated with 
erabby rocks a confiderable height, and elfe- 
where finking into precipitous depths, in which 
they found it very cold. 

Besrpes the recited teftimonies of the di- 
vers, 1 enquired of feveral pilots and other 
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havigators, that had made long voyages, what 


. gradual or abrupt inequality they had obferved 


at theirfoundings in very neighbouring places ; 
it being eafy to be gathered from thence, whether 
the fea were there uniformly deep, or did at 
leaft, with fome regularity, alter its depth by 
degrees; or whether, as I fufpected, there were 
not at the bottom of the fea, hilly places, and 
{teep praecipices, and perhaps deep vallies or 
wells, as we obferve in the difcovered part of 
the terreftrial globe. 

By thefe inquiries, I obtained feveral ob- 
fervations, whereof the moft material are thofe 
that follow: 

First, an ancient {ea-commiander, that 
had many years frequented Africa and the 
Indies, told me, as others had done before, 
that when they failed in the ocean very far 
from fight of land, they did not often put 
themfelves to the trouble of founding ; but 
that as far as they had founded, he had ufually 
found the depth of the fea, to increafe or de- 
creafe gradually, without very great irregula- 
rities, excepting fome places, inftancing parti- 
cularly in the excavation, that makes the bot- 
tom of the fea, within fight of the Cape of 
Good Hope, where though for the moft part 
he found the water to deepen more and more, 
as he failed farther from fhore; yet in one 
place, he and others had met with a bank (as 
he conceived it to be) at a confiderable diftance 
from the furface of the water. So, that thouch 
when they were as they imagined near the edge 
of that bank, they found but a moderate num- 
ber of fathoms, yet when failing a very little 
way farther, they had gone beyond it, they 
found the fea of an immenfe depth. In fhort, 
I gathered from his anfwers, that in the greater 
feas, he had found, for the moft part, the 
ground at the bottom, to fall away by degrees ; 
byt nearer the fhores, that is, within a mo- 
derate number of leagues, he obferved in divers 
places, that the fubmarine ground was very 
unequal, and had as it were, hills and pra- 
cipices. 

A man of letters, that had failed both to the 
Eaft and Weft-Indies, and in divers other re- 
gions befides, and had made fome of his 
voyages in fhips of fuch great burthen, as obli- 
ged the mariners to be very frequent and care- 
ful in founding, informed me, that fometimes 
at confiderable diftances from fhore, he had 
obferved the fea to be 20, 30, or perhaps 40 
fathom deeper when they caft the founding 
lead from one fide of the fhip, than it had 
been juft before, when they had founded from 
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the other; and from other things, that he told 
me, I found myfelf much confirmed in the 
above propofed opinion. 

He arineG ofa fea-captain, of extraordinary 
{kill in maritime affairs, that was come home 
this year from Eaft-India, his reputation made 
me endeavour to have a little conference with 
him about the fubjeét of this difcourfe ; but 
his occafions haftening him to another place, 
before I could fend to him, I procured from 
the chief perfons, that employed him, a fight 
of fome notes touching his laft voyage, which 
he had left with them; hoping to find there 
fomething at leaft about the foundings of fo 
accurate a feaman; and accordingly I met with 
a paflage, very pertinent to my purpofe, and 
worthy to be here tranicribed. 

Fepruary 12. After our obfervation, 
(he means a former one very agreeable to this) 
feeing the ground under us, we heaved the 
lead, and had but 1g fathom rocky ground, 
then haled by N. N. E. the wind at N. W. 
and found out water to fhoal from 1g to 10 
and 8 fathom hard coral ground, then fud- 
denly deepened again from 8 to 20 and 22 
fathom fandy ground, and then fuddenly faw 
rocks under us, where we had but 7 fathom, 
and the next caft 14 fathom again. And fo 
having run N.N. E. from 6 in the morning 
until 12 at noon about 19 mile, we deepened 
our water, from 16 to 25, and the next caft, 
no ground with 35 fathom of line. 

LasTLy, having opportunely met with an 
ancient navigator, who paffes for the moft ex- 
perienced pilot in our nation for an Eaft-Indian 
voyage ; I afked him about his own obferva- 
tions concerning thefe unequal founding, [was 
anfwered, that he had not only met with them 
elfewhere, but, that not far from the mouth of 
our channel, he had fometimes found the bot- 
tom of the fea fo abrupt, that in failing twice 
the length of the fhip, he had found the water 
deepen from 30 fathom to a hundred, if not 
alfo much more. 

Srnce I received thefe relations, having 
the honour to difcourfe with a noble perfon, 
who has divers times defervedly had the com- 
mand of Englifh fleets, and is no lefs curious 
than intelligent in maritime affairs, I took the 
opportunity to inquire of his lordfhip, whether 
he had not obferved the bottom of the fea to 
be very unequal in neighbouring places? To 
which he.replied, that he had found it exceed- 
ingly fo. And to fatisfy me, that he {poke 
not upon meer conjecture, he told me, that 
failing once with his fleet, even in our channel, 
he perceived the water to make a ripling 
noife (as the feamen call it) as the Thames does 
under London-Bridge. So that he was afraid 
they were falling upon fome fhoal, the water 
being 12 or 14 fathom deep, and going on a 
little farther, he caft out the plummer again, 
and found it about 30 fathom. He added, that 
he made divers fuch obfervations, but took no- 
tice of {uch ripling waters, only when the tide was 
ebbing: and yet in a deep fea meeting with 
the like appearance in the upper part of the 
water, and thinking it improbable, that there 
fhould be any fhoal there, he ordered the 
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depth to be founded, and found it to exceed 
30 fathoms; and after he had paffed on a very 
little farther, he found the fea fo deep, that he 
could not fathom it with his ordinary line. 


SECTION. Ii. 


NOTHER thing obferved at the bottom 
of the fea is the great preffure of the 
water there againft other bodies, For what 
ever men may philofophize in their ftudies, 
and may conclude from the principles, that are 
generally received about the non-gravitation of 
water in its proper place, yet experience feems 
very little to favour that general doétrine. 
For firft I remember, that having caufed a 
pretty large cylinder of glafs, that was open 
only at one end, to be fo depreffed into a large 
glafs-veffel full of water, with a conveniently 
applied weight of lead, that none of the air 
could get out, I could eafily difcern through 
the liquor and veffels, which were all tran{pa- 
rent, that as the inverted cylinder defcended 
deeper and deeper, the external water com- 
preffed the imprifoned air, and afcended higher 


and higher in the cavity of the cylinder, againft. 


whofe fide we had beforehand placed a row of 
marks, whereby to take notice of the gradual 
afcentand defcent of the internal water. 
SECONDLY, having inquired of two feveral 
obferying perfons, whereof one had with a 
diving engine vifited the bottom of the fea in 
a cold northern region; and the other had 
done the Jike in an engine much of the fame 
fort, upon the coaft of Africk; J found their 
relations to agree in this, that the deeper they 
defcended into the fea, the more the air they 
carried down with them was compreffed,; and 
the higher the water afcended above the lip, 
or brim of the engine into the cavity of it. 
But I fhall now add a more confiderable 
experiment or two, to the fame purpofe. For 
difcourfing one day with an engineer of my 


. acquaintance, that had been often at fea, and 


loved to try conclufions, of a way I had thought 
of, to make fome eftimate of the preffure of 
the water at a confiderable depth beneath the 
furface, and fhew, that the preffure is great 
there ; hetold me, he could fave me the labour 
of fome trials by thofe he had made already, and 
affured me, that having divers times opportunity 
to fail near the ftreights mouth, over a place 
where the fea was obferved to be of a nota- 
ble depth, he had found, that if he had let 
down, with a weight into the fea, not a ftrong 
round glafs bottle, but a vial, fuch as the fea- 
men ufe to carry their brandy and ftrong wa- 
ters in; fuch a veffel, which might contain a 
pint or quart of water, would, when it come to 
be funk 40 fathom under water, if not fooner, 
be fo oppreffed, by the preffure of the incum- 
bent, and lateral water, as to be thereby broken 
to pieces. 

He alfo averred to me, that having exactly 
clofed an zolipile of metal, and with a compe- 
tent weight, funk it to agreat depth in the fea, 
as to forty, fifty, or fixty fathom deep, when 
he pulled it up again, he found to his wonder, 


that the great preffure of the water had in di- 
vers 


II 


I] 


ahd 


vers places crufhed it inwards. And though I 
had fome fufpicion, that the coldnefs of the 
{ea, at fuch a depth, might, by weakening the 
fpring of the included air, fomething contr- 
bute to the efiect, yet I did not admire the e- 
vent, having divers yéars before had a thin 
xolipile of copper crufhed inwards by the pref- 
fure of a much lighter fluid than fea-water. 


SECTION IIL 


NOTHER thing obferved in the bot- 
tom of the fea is the tranquillity of the 
water there, if it be confiderably diitant from 
the furface. For though the winds have power 
to produce vaft waves in that upper part of the 
fea, that is expofed to their violence; yet the 
vehement agitation diminifhes by degrees, as 
the parts of the fea, by being deeper and deeper 
lie more and more remote from the fuperficies 
of the water. So that the calm being lefs and 
lefs difturbed towards the bottom of the water, 
if that lie confiderably deep, the water is there 
either calm, or fcarce fenfibly difturbed. 

Bur that is for the moft' part to be under- 
{tood of placesat tome diftance from the fhore; 
for oftentimes, in thofe that are too near it, the 
progrefs of the waters being rudely checked, 
and other cicumftances concurring, the commo- 
tion of the water is fo great, that it reaches to 
the very bottom, as may appear by the heaps 
of fand, the amber, and, in fome places, the 
ftones, that are wont to be thrown up by the 
fea, in and after ftorms. 

Tue above mentioned calmnefs of the fea at 
the bottom will (I doubt not) appear ftrange 
to many, who admiring the force of ftormy 
winds, and the vaftnefs of the waves they raife, 
do not, at the fame time, confider the almoft 
incomparably greater quantity, and weight of 
water that muft be moved, to make any great 
commotion at the bottom of the fea, upon 
which fo great a mafs of falt water, which is 
heavier than frefh, 1s conftantly incumbent. 
Wherefore for the proof of the propofed pa- 
radox, I will here fet down a memorable rela- 
tion, which my inquiries got me from the diver, 
elfewhere mentioned, who by the help of an 
engine could ftay fome hours under water. 

Tuts perfon then being afked, whether he 
obferved any operation of the winds at the 
bottom of the fea, where it was of any confi- 
derable depth ? anfwered me to this purpofe, 
that the wind being ftiff, fo that the waves 
were manifeftly fix or feven foot high above the 
furface of the water, he found no fign of it at 
15 fathom deep but if the blafts continued 
long, then it moved the mud at the bottom, 
and made the water thick and dark. AndI re- 
member he told me, which was the circum- 
{tance Ichiefly defigned, that ftaying once at 
the bottom of the fea very long, where it was 
confiderably deep, he was amazed at his return 
to the upper parts of the water, to find a ftorm 
there, which he dreamt not of, and which was 
raifed in his abfence, having taken no notice of 
it below, and having left the fea calm enough 
when he defcended into it. 

For farther confirmation, I fhall add, that 
having inquired of a great traveller, who had 
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RELATIONS abort the 


affifted at a rich pearl-fifhing in Zaft Indzes, 
whether he had not learned by his converfation 
with the divers, that ftorms reach not to the 
bottom of the fea, if it be of any confiderable 
depth; he aniwered, that he had teen the divers 
take the water, when the fea was fo very rough, 
that fcarce any veffels would hazard themfelves 
outof ports; thatthofereturning divers told him, 
that at the bottom they had found no diftur-. 
bance of the water at all, Which is the more 
confiderable, becaufe of the fituation of that 
place where they dive for pearls; for this is near 
the fhore of Manar, and that it felf is feated 
between the great ifland of Cey/on, and the vatt 
cape of Comorz ; and though it may be much 
nearer the former, is not yet far diftant from 
the latter. Which fituation and the neighbour- 
hood of the vaft Indian océan, on the one fide 
of Ceylon, and the great gulph of Bengala, (an- 
tiently Sinus Gangeticus) on the other, makes 
the place, where the pearls are fifthed for, ex-. 
ceeding likely tobe fubjeét to very troubled feas. 

Ir will perhaps be thought no flight addition 
to the fore-going arguments, if I here add, that 
meeting one day with an ancient and expert 
feaman, whom his merit had advanced to con- 
fiderable employments in his profeffion, I was 
confirmed by the enquiries I made of him, not 
only in the opinion I had about the calmnefs of 
the bottom of the fea, but alfo, that the opera- 
tion of good gales of wind, does oftentimes 
not reach to near fo confiderable depths inta 
the fea, as hath been hitherto fuppofed, even 
by navigators themfelves. For he affured me, 
that having fometimes failed in great fhips, 
that drew much water, as about 12 or 1¢ foot, 


he had dived to the keel of the fhips, when 


they were under fail, and obferved the agita- 
tions of the water to be exceedingly diminifhed, 
and grown very languid, even at that {mall 
diftance, from the upper part of the waves. 
And he farther anfwered, that when in 
merica he learned to dive of the Indians, they 
taught him by their examples, to creep along 
by the rocks and great ftones, that lay near the 
fhore, at the bottom of the water, to thelter 
themielves from the ftrokes, and other ill effets 
of the billows, which near the fhore, and where 
the fea was {fo fhallow, asit wasthere, did often hurt 
and endanger {wimmersand unfkilful divers. But 
when they were, by this means, got farther from 
fhore and into deeper water, they would fecurely 
leave the fhelter, they had till then then madeufe 
of, and {wim within afew yards of the furface of 
the and commotions of the upper parts of the 
water. 

Buf laftly, for further fatisfaction, I had the 
opportunity to make inquiry about this matter 
of a great fea commander, who has both an ex- 
traordinary curiofity to make marine obferva- 
tions, and an unuiual care in making of 
them accurately, I found the opinion counte- 
nanced by his anfwer, which was in fhort; 
that he had lately been at a place, where the fea 
was often tempeftuous enough, and that they 
found by a fure mark, that the ftorm did not 
reach with any efficacy four fathom beneath the 
furface of the water. 


ABOuT 
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Chap, III. 


AsourT the tranquillity of the lower parts 
of very deep waters I had a fufpicion, which, 
though I fear it might feem fomewhat extra- 
vagant, becaufe I have not met with it in au- 
thors; yet I thought it worth examining for 
the ufe it might be of, if refolved, in reference 
to the ebbing and flowing of the fea. 

I made therefore a folicitous inquiry, whe- 
ther the tides did reach to, or near the bottom 
of the deeper feas, but found it exceeding dif- 
ficult, by reafon of men’s want of curiofity to 
obtain any fatisfaction about a problem, that 
moft navigators I have converfed with did not 
fem to have fo much as dreamed of. But 
thus much I found indeed, by inquiring of an 
engineer, who was curious of marine obferva- 
tions, that a famous fea-commander of his 
his acquaintance, being alfo a great mathemati- 
cian, had affirmed to this relator, that he had 
divers times obferved, that when he Jet down 
his plummet to a great depth, but yet not to 
feach ground, it would be quickly carried by a 
motion quite contrary to that of the fhallop, 
whence they founded, and very much quicker 
than it; but I had this only at fecond hand. 
Alfo, if I mif-remember not, I was informed 
by a fkilful obferver, that commanded many 
of our Englifh men of war, that he had, near 
the Sound, obferved the upper and lower parts 
of the water to move with: a confiderable 
fwiftnef$ quite different ways ; but not having 
committed this relation to writing, I dare not 
build much upon it. And among the an- 
fwers J had received, and written down con- 
cerning thofe matters, all that I can yet find 
among my adverfaria is a relation, which 
though fingle, will not be unworthy to be tran- 
fcribed in this place, becaufe the perfon who 
gave it me, is one of the ancienteft and moft 
experienced pilots of our nation. : 

Tuts perfon therefore affured me, that 
failing beyond the Cape of Good Hope, into 
the South-Seas, he made trials of the motion 
of the upper part of the water above the lower, 
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BOTTOM of th SEA. 


where fomctimes cafting out a large and heavy 
plummet, he Jet it down to feveral depths fhort 
of 50 fathom, without any fenfible operation 
upon the motion of the boat, or fhallop, he 
{tood in to make the trial; but when he let 
down the plummet lower, to about an hundred 
fathom or more, then he found, that though 
the plummet reached not to the bottom of the 
water, yet upon the fcore of the ftanding 
water beneath, the fuperior water would make 
the boat turn towards the tide or current, as if 
it Jay at anchor, and the water would run by 
the fide of the boat, at the rate of about three 
miles an hour: thus far this diligent obferver. 
But how far the inequality of the foil at the 
bottom of the fea, and how far various depth 
of the water, and fome other circumftances, 
may alter the cafe, and make it hard to de- 
termine, what ought to be afcribed to tides, 
and what to currents, are things, which I will 
by no means be pofitive in, till I can meet 
with further information. 

[Since the writing of this, happening 
to meet with one, that {pent fome time at a fa- 
mous eaftern pearl-fifhing, and afked him, 
whether he had inquired of the divers about 
the problem lately propofed, and whether the 
fea were there deep enough to make obferva- 
tions of that kind: to the latter part of which 
queftion he replied, that in fome places it was 
of a very confiderable depth, and fit to make 
the obfervation in; and to the former he an- 
fwered, that he had inquired of the divers, 
who afhrmed to him, that fometimes at the 
bottom of the deep waters, there feemed to be 
a ftagnation of the Sea for a great depth, fo 
that till fuch a height they could rife directly 
upwards, but that at other heights, they 


would be carried away by the lefs deep wa-" 


ters; fo as to be found, when they came to 
emerge a great way off from that point of 
the furface, which was perpendicular to that 
place at the bottom, whence they began to 
afcend. | 
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Printed firft in the PHILOSOPHICAL TRANSACTIONS; 
N° 62, for Augufi the 8th, 1670. 


Te losT gh eye 


Obfervations made about the lafting of ducks 
included in the exhaufting receiver. 


ATURE having, as Zoologifts 
teach us, furnifhed ducks and other 


water fowl with a peculiar ftructure 

of fome vefiels about the heart, to 
enable them, when they have occafion to dive, 
to forbear for a pretty while refpiring under 
water without prejudice; I thought it worth 
the trial, whether fach birds would much bet- 
ter than other animals endure the abfence of 
the air in our exhaufted receiver. The ac- 
counts of, which trials were, when they were 


made, regiftered as follows. 


ExPERIMENT I. 
We put a full grown duck (being not then 


able to procure a fitter) into a receiver, where- 
of fhe filled, by our guefs, a third part, or 
fomewhat more, but was not able to ftand in 
any eafy pofture in it: then pumping out the 
air, though fhe feemed at firft (which yet Iam 
not too confident of, upon a ‘ingle trial,) to 
continue well fomewhat longer than a hen 
in her condition would have done; yet within 
the fhort fpace of one minute fhe appeared 
much difcompofed, and between that and the 
fecond minute, her ftrugling and convulfive 
motions increafed fo much, that, her head alfo 
hanging carelefly down, fhe feemed to be juft 
at the point of death; from which we prefently 
refcued her by letting in the air upon her: fo 
that this duck being reduced in our receiver, 
to a erafping condition, within lefs than two 
minutes, it did not appear, that, notwithftand- 
ing the peculiar contrivance of nature, to 
enable thefe water birds to continue without 
refpiration for fome time under water, this 
duck was able to hold out confiderably longer 


. than a hen, or other bird not aquatick, might 


have done: and to manifeft, that it was not 
clofenefs and narrownefs of the veffel, in re- 
ference to fo bulky an animal, that produced 
in the fubjeét of our trial the great and fudden 
change above-recited, we foon after included 
the fame bird in the fame receiver, and having 
by a fpecial way cemented it on very clofe, we 


fuffered her to ftay thus fhut up with the air for 
five times as long as formerly (by our guefs, 
helped by a watch) without perceiving her to 
be difcompofed ; and fhe would probably have 
continued longer in the fame condition, if my 
patience and leifure would have held out {fo 
long, as fhe could have done in that prifon. 


EXPERIMENT II. 


Havine at the feafon of the year procured. 
a duckling, that was yet callow, we conveyed 
her into the fame receiver, wherein the former 
had been included, and obferved, that, though 
for a while fhe appeared not much difquieted, 
whilft the air was pumping out of the glafs, 
yet before the firft minute was quite ended, 
fhe gave manifeft tokens of being much dif- 
ordered ; and the operation being continued a 
while longer, fhe grew fo much worfe, that 
feveral convulfive motions, fhe fell into before 
a fecond minute, was expired, obliged us to let 
in the air upon her, whereby fhe quickly re- 
covered, 

N. B. I determine not, whether it be proper 
in this place to add, that when the receiver 
was pretty well exhaufted, the included bird 
appeared to the fpectators manifeftly bigger, 
than before the air was withdrawn, efpecially 
about the crop, though that was very turgid 
before. And to manifeft, that in this duck, 
as in the former, the convulfions, that ufed to 
be immediately followed by death, proceeded 
from the withdrawing of the ambient air, and 
not from the clogging of it; we kept the fame 
duckling in the fame receiver very clofe, to 

eep out all external air, and to keep in the 
excrementitious fteams of her body for above 
6 minutes, without perceiving her to grow fick 
upon her imprifonment ; which yet lafted above 
thrice the time, that fufficed to reduce her in 
the abfence of the air to a gafping condition. 

N. B. Ir not being intended, that ducks 
and other water fowl, fhould any more than 
other birds, live in an exceeding rarified air, 
but only be able to continue upon occafion a 
pretty while under water, it may fuffice, that 
the contrivance of thofe parts, which relate to 


‘refpiration, be fo far fitted for the purpofe, as 


we fhall fee it is, when we come to the tenth 
title. 
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PNEUMATICAL EXPERIMENTS, €&e. 


TITLE IL. 
Of the phenomena afforded by vipers included in 


an exbaufted receiver. 


ONSIDERING, that vipers are animals 
C endowed with lungs (though of a diffe- 
rent ftructure from thofe of men, dogs, cats, 
and birds, 8c.) and that their blood is, as to 
fenfe, actually cold ; I thought it might, upon 
both thefe accounts, be very well worth trying; 
what effeét the withdrawing and abfence of the 
air would have upon animals fo conftituted. I 
therefore made divers trials; fome of -which 
did not difpleafe me ; but I know not by what 
misfortune the memorials of them were loft, 
except two or three, which were not perfect, 
that I fhall here fubjoin. 


ExPERIMENT J. 


We included a viper in a fmall receiver, 
and as we drew out the air, fhe began to f{well, 
and afforded us thefe phenomena. 

1. Ir was a good while after we had left 
pumping, before the viper began to {well fo 
much as to be forced to gape, which afterwards 
fhe did. . 

2. TuHatT fhe continued, by our eftimate, 
above two hours and half in the exhaufted re- 
ceiver, without giving clear proof of her be- 
ing killed. 
ra aT after fhe was once fo {welled, 
as to be compelled to open her jaws, fhe ap- 
peared flender and lank again; and yet very 
foon after appeared fwelled again, and had her 
jaws disjoined as before. 


ExrpERIMENT II. 


W z took a viper, and including her in the 
createft fort of {mall receivers, we emptied the 
elafs very carefully, and the viper moved up 
and down within, as if it were to feek for air, 
and after a while, foamed a little at the mouth, 
and left off that foam fticking to the infide of 
the glafs: her body fwelled not confiderably, 
and her neck lefs, till a pretty while after we 
had left pumping; but afterwards the body 
and neck grew prodigioufly tumid, and a 
blifter appeared upon the back.An hour and an 
half after the exhauftion of the receiver, which 
we then by trial found to be pretty ftaunch, 
the diftended viper, did give by motion ma- 
nifeft figns of life ; but we obferved none af- 
terwards. The tumor reached to the neck, 
but did not feem much to {well the under-chap, 
both the neck, and a great part of the throat, 
being held betwixt the eye and the candle, 
were tranfparent enough, where the {cales did 
not darken them. The jaws remained mighti- 
ly opened, and fomewhat diftorted ; the epi- 
clottis with the rimula laryngis, which re- 
mained gaping, was protruded almoft to the 


farther end of the nether-chap. As it were 


from beneath this epiglottis came the black 
tongue, and reached beyond it, but feemed by 
its pofture not to have any life, and the mouth 
alfo was grown blackifh within: but the air 
being re-admitted after 23 hours in all, the 
viper’s mouth was prefently clofed, though 
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foon after it was opened again, and continued 
long fo; and fcorching or pinching the tail 
made a motion in the whole body, that argued 
fome life. 


EXPERIMENT III. 


To thefe experiments upon vipers I fhall 
add one, made upon an ordinary harmlefs 


{nake. 
W E included fuch an animal, together with 
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April 25, 


a gage, in a pretty portable receiver, which, ° 


being exhaufted, and well fecured againft the 
ingrefs of the air, was laid afide in a quiet 
place, where it continued from 10 or 11 of 
the clock in the forenoon, till about nine the 
next morning ; and then my occafions calling 
me abroad, I looked upon the fnake, which, 
though he feemed to be dead, and gave no 
figns of life upon the fhaking of the receiver ; 
yet, upon holding the glafs a convenient dif 
tance from a moderate fire, he did in a fhort 
time manifeft himfelf to be alive by feveral 
tokens, and even by putting forth his forked 
tongue. In that condition I Jeft him, and, by 
reafon of feveral avocations, came not to look 
upon him again till the next day early in the 
afternoon ; at which time he was grown paft 
recovery, and his jaws, which were formerly 
fhut, gaped exceeding wide, as if they been 
ftretched open by fome external violence. 


TITLE. III. 


Of the phenomena afforded by frogs in an ex- 
haufted receiver. 


i . fame confiderations, that induced Sept. 93 
20 


me to make feveral trials upon vipers, 
did alfo invite me to make feveral upon frogs , 
the fuccefs of fome of which the following 
notes will declare. 


EXPERIMENT. I, 


We took a large lufty frog, and having: 
included her in a fmall receiver, we drew out 
the air, and left her not very much fwelled, 
and able to move her throat from time to time, 
though not fo faft, as when fhe freely breathed 
from the exfuction of the air. She continued 
alive about two hours, that we took notice of, 
fometimes removing from the one fide of the 
receiver to the other; but fhe fwelled more 
than before, and did not appear by any mo- 
tion of her throat, or thorax, to exercife refpi- 
ration, but her head was not very much fwelled, 
nor her mouth forced open. After fhe had 
remained there fomewhat above three hours, 
(for it was not three half hours) perceiving 
no fign of life in her, we let in the air upon 
her, with which the formerly tumid body 
fhrunk very’ much, but feemed not to have 
any other change wrought in it; and though 
we took her out of the receiver, yet in the 
free air itfelf, fhe continued to appear ftark 
dead. Neverthelefs, to fee the utmoft of the 
experiment, having caufed her to be laid 
upon the grafs in a garden all night, the 
next morning we found her perfectly alive 
again, . 
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PNEUMATICAL ExPERIMEMTS 


EXPERIMENT JI. 


AsouT rz of the clock in the forenoon, we 
put a frog into a imall receiver, containing 
about 152 ounce troy weight of water, out of 
which we had tolerably well drawn the air, (fo 
that when we turned the cock under water, it 
fucked in about 13% ounce of water :) the frog 
continued 1n it (the receiver all the while under 
water) lively enough until about 5 of the clock 
in the afternoon, when it expired. The frog 
at the firft feemed not to be much altered by 
the exfuction of the air, but continued breathing 
both with her throat and lungs. 


EXPERIMENT IIL, 


We included into a pretty large receiver 
a couple of frogs newly taken, the one not 
above an inch long, and proportionally flen- 
der; the other very large and lufty. Whilft 
the air was drawing out, the leffer frog fkipped 
up and down very lively, and, fomewhat to 
our wonder, clambered up feveral times to the 
fides of the receiver, infomuch, that he fome- 
times refted himlelf againft the fide of the glafs.. 
When his body feemed to be perpendicular to 
the horizon, if not in a reclining pofture, he 
continued to {kip upand down a while after the 
exfuction of the air ; but within a quarter of an 
hour (meafured by a minute watch) we per- 
ceived him to lie ftark dead with his belly up- 
wards. The other frog, that was very large 
and ftrong, though he began to {well much 
upon the withdrawing of the air, and feemed 
to be diftreffed, by his frequently leaping up- 
after the air was drawn out, which he did not 
before, yet being ; as we faid, very lufty, he 
held out half an hour, at which time it was 
remarkable, that the receiver, though it had 
held out againft the preffure of the outward 
air, during, that fpace of time, notwithftand- 
ing, that a piece of it had been cracked out, 
and was mended, with a cloth deeped in ce- 
ment, yet at the end of the half hour, the 
weight of the outward air fuddenly beat it in, 
and thereby brought the imprifoned frog a 
reprieve, which hindered us from bringing the 
experiment to an iffue, 


ExrPERIMENT IV. 


We took a fmall frog, and having con- 
veyed her into a very {mall portable receiver, 
we began to pump out the air. At firft fhe 
was livcly enough, but when the air began to 
be confiderably withdrawn, fhe appeared to be 
very much difquieted (leaping fometimes after 
an odd manner, as it were, to get out of the 
uneafy prifon, but yet not fo, but, that after 
the operation was ended, and the reciver taken 
off, the frog was perfectly alive, and continued 
to appear fo (if I am not miftaken) near an 
hour, though the abdomen was very much, 
and the throat fomewhat extended ; this latter 
part having alfo left, that wonted panting mo- 
tion, that is fuppofed to argue and accompany 
the refpiration of frogs. At the end of about 
three quarters of an nour, after the removal of 
the receiver from the pump, the air was let in; 
whereupon the abdomen, which by that time 


was ftrangely f{welled, did not only fubfide, 
but feemed to have a great cavity in it, as the 
throat alfo proportionably had ; which cavities 
continued, the frog being gone paft all re- 
covery. 


EXPERIMENT VY. 


A large frog was conveyed into a plated April 14. 


receiver, and the air being withdrawn, her 
body by degrees was diftended; as appeared 
very notably, when by a cafual {pringing of a 
leak, the air got in again, and made her look 
much more lank and hollow than ever. The 
receiver with the gage were kept under water 
near feven hours, becaufe J was obliged to ftay 
long abroad ; at the end of whichcoming home, 
I found the receiver ftaunch, but the frog dead 
and exceedingly {welled : upon the letting in 
of the air, fhe became more hollow and lank 
than ever. 

N. B. I have purpofely, both under this 
title, and fome others, fubjoined fome trials, 
whofe events are not altogether fuch, as others 
recited under the fame head, which would in- 
vite one to expect ; but I purpofely do it, not 
only to be true to the impartiality, I propofed 
to myfelf, in writing thefe narratives, but to 
awaken the curious to confider and obferve, 
what variety of phenomena in fuch trials may 
be attributed to the feafon of the year, wherein 
they are made; and to ftrength, bulk, age, 
peculiar conftitutions, &c. that relate to the 
refpective animal, on which the experiments 
are made ;_ befides what things may on other 
account be fit to be alfo confidered. 

TITLE. IV. 
Of the phenomena afforded by anew kittened 
kitling in the exbaufted receiver. 


E ING defirous to try, whether animals, 
that had lately been accuftomed to live, 
either without any, or without a full refpi- 
ration, would not -be more difficult or flowly 
killed by the want of the air, than others, 
which had been been longer ufed to a free 
refpiration ; we took a kitling, that had been 
kittened the day before, and put it into a very 
{mall receiver (that we gueffed to hold about 
a pint or lefs,) that it might be the fooner 
exhaufted. As foon as the pump began to 
play, I took notice of the time, and found by 
a watch, that marks minutes and quarter mi- 
nutes, within one minute or little more, after 
the air firft began to be withdrawn, that the 
little animal, who in the mean time had gafped 
for life, and had fome violent convulfions, lay 
as dead, with his head downwards, and _ his 
tongue out ; but upon letting in of the air, he 
did in a trice fhew figns of life, and being taken 
out of the receiver quickly recovered: and to 
allow him the benefit of his good fortune, we 
fent for a kitling of the fame age and litter, 
which being put into the fame receiver, quickly 
began, like the other, to have convulfions, 
atter which he lay as dead ; but obferving very 
narrowly, I perceived fome little motions, 
which made me conclude him alive; which I 
foon found I had caufe to do. For though 
3 we 
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we continued pumping, and could not perceive, 
that the engine leaked more than in the former 
experiments; the kithng began to ftir again, 
and after a while had ftronger and more ge- 
neral convulfions than before ; until at the end 
of full fix minutes, after the exfuction of the air 
was begun, the animal feeming quite dead, the 
outward air was re-admitted into the receiver, 
which not reviving him as it had done the other, 
he was taken out of the veffel, and lay with 
his mouth open, and his tongue lolling out, 
without any fenfible breathing, and pulfation ; 
until having ordered him to be pinched, the 
pain or fome internal motion, produced by the 
external violence done to him, made him im- 
mediately give manifeft figns of life, though 
there was yet no fenfible motion of the heart, 
or the lungs; but afterwards gaping and 
fetching his breath in an odd manner, and 
with much ftraining, as I have feen fome 
foetus’s do, when cut out of the womb, he, 
little by little, within about a quarter of an 
hour recovered: wherefore thinking it fevere 
to make him undergo the fame meafure again, 
we fent for another, kittened at the fame time, 
and inclofing that alfo in the receiver, ob- 
ferved; that divers violent convulfions, as it 
were gafping for breath, into which he began 
to fall at the fecond or third fuck, ended in a 
feeming death, within about a’ minute and a 
half. But being made more diffident by the 
late experiments, I caufed the pump to be 
plied, and the rather, becaufe I had a mind to 
obferve, whether, when the air was from tite 
to time drawn away, there would not, upon 
the opening of the ftop-cock to let it out, ap- 
pear fome fudden {fwelling, greater or lefs; of 
the body of the animal, by the fpring and ex- 
panfion of fome air (or aerial matter) included 
in the thorax, or the abdomen. Such an in- 
flation (though not great) we thought we ob- 
ferved ; but until farther trial, I dare not ac- 
quiefce init. A while after, notwithf{tanding 
our continuing to pump, the kitling gave ma- 
nifeft figns of life, which was not until it had 
endured divers convulfions, as great as thofe of 
the firft fic, if not greater. When 7 minutes 
from the beginning of the exhauftion were 
compleated, we let in the air; upon which the 
little creature, that feerned ftark dead before, 
made us fufpect; that he might recover; but 
though we took him ott of the receiver, and 
put aqua vite into his mouth, yet he irreco- 
verably died in our hands, 

Tuese trials may deferve to be profecuted 
with farther ones; to be made not only with 
fuch kittens, but with other very young ani- 
mals of different kinds; for by what has beeri 
related, it appears, that thofe animals conti- 
nued 3 times longer in the exhaufted receiver, 
than other animals of that bignefs would pro- 
bably have done. 

TITLE V. a 
Some trials about the air, ufually harboured aitd 
concealed in the pores of water, &Sc. 


(T might affift us to make the more rational 

conjectures about the pheenomena of divers 

of our experiments, if we knew (fomething 
Vou. III. 


RATION. 


near) what quantity of aerial fubftance is ufually 
found in the liquors we employ about them, 
efpecially in that moft common of them, water. 
And therefore, though it be very dificult (if 
at all poffible) to determine the proportion of 
the air, that lurks in water,, with any thing of 
certainty, many circumftances making it {yb- 
ject to vary very much3 yet to make the efti- 
mate, I eafily could, where none at all, that 
I know of, hath been hitherto made by any 
man, I confidered, that it might afford us fome 
light, if we difcovered, at leaft, what propor- 
tion as to bulk, the air Jatitant in a quantity of 
water would have to the liquor it came from, 
when the aerial particles fhould be gathered 
together into one place. For, though about 
this union, and the {pring that may be conte- 
quent to it, fome doubts may be fuggetted; 
which I have not now time to difcufs ; yet I 
fuppofed, that, at leaft, fome difcoveries would 
by this way be made; though not of the true 
proportion between the air and the water, yet 
about two or three particulars, in due time to 
be taken notice of. - 

T 6 find inftruments, which would any 
way accommodate our purpofe, proved a very 
dificult work ; fo that among other things, 
that we were fain to do, this was one, that to 
evince how little the air, latitant in water, did 
appear to leffen the bulk of that water, if ir 
were fuffered to fly away in an open tube ; 
we fuffered it to efcape in an exhaiifted re- 
ceiver, without any artifice to catch it; by 
which trial the water did not part with any 
thing of its bulk, that made a diminution fen- 
fibly to the eye. Wherefore we endeavoured 
to make this lofs vifible by fome other trials, 
of which I can find but a few hafty memorials 
among my loofe entries. 

A chemical pipe fealed at one end; and 36 
inches, or fomewhat lefs, in length, was filled 
with water, and inverted into a glafs veffel, 
not two inches in diameter, but ! of an inch, 
or little more in depth. Thefe glaffes being 
conveyed into a fit receiver, and the air being 
leifurely pumped out; and fomewhat flowly 
re-admitted, the numerous bubbles, that had 
afcended, during the operation; conftituted at 
the top, an aerial agoregate, mounting to 73; 
wanting about 100 part of an inch: 


bem 
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PRESENTLY after, the tube (by and by Thefe are 
to be defcribed) was filled again with the fame ‘° xre- 


water,and inverted; and the water being drawn 
down to the furface of the veffeled water, and 
the air let in again, the water was impelled up 
to the very top, within a tenth and half a tenth 
of an inch. 

Tue tube for meafuring the dir latitant in 
water was 43 inches and z above the furface of 
the ftagnant water : the air colleéted out of the 
bubbles at the top of the water was the firft time 
z of an inch; and fomewhat better; the fecond 
time we eftimated it but 3 and zs. The firft 
time the water in the pipe was made to fubfide 
full as low as the furface of the reftagnant 
water ; the fecond time the loweft, we made 
it fubfide, feemed to be four or five inches 
above the furface of the wafer in the open 
veffel. 
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MatTer of fact thus recited would af- 
ford divers difficulties worthy to be confidered, 
which I have not leiture to difcufs ; efpecially, 
the odd thing, that happens to the aerial parti- 
cles of water: for though, whillt they lay con- 
cealed in the water, they took up fo little room 
in it, that it was infenfible; and when they 
were permitted to efcape out of the tube, the 
Water Was not manifeftly diminifhed by their 
receis ; yet when they were affociated at the 
tup of the tube, their aggregate did fome- 
times maintain a place, that was confiderable 
enough in reference to the capacity of the 
whole tube; though I muft here advertife, 
that this aggregate did, at the top of the tube, 
poffefs more room than its bulk did abfolutely 
require ; becaufe it was fomewhat defended 
from the preffure of the atmofphere, by the 
weight of the fubjacent cylinder of water, 
which might be about three or four foot 
long. 

QueReE, Whether any confiderable pro- 
portion of bubbles will be afforded by the 
fame liquor, if it be fuffered to continue in 
the glafs for fome competent time, after it 
has been once, or oftner, freed from bubbles 
already ? 

QuzReE, How far it may be worthy our 
confideration, whether, in common water, there 
may not be concealed air enough to be of 
ufe to fuch cold animals as fifhes; and whe- 
ther it may be feparable from the water, that 
{trains through their gills ? 

BuT though I was at firft content to make 
ufe of this way of eftimating the air concealed 
in water; yet, when I came where I could be 
a little better accommodated with glaffes, I 
bethought myfelf of a fmall inftrument, that 
would much better difclofe the wonderful plenty 
of the aerial particles [defigned todifcover. The 
{tructure and ufe of this glafs, may be eafily 
enough underftood by the recital of the firft 
experiment, that was made with it, whereof 
take the following tran{cript. 

W eE provided a clear round glafs, furnifhed 
with a pipe or {tem of about nine inches in 
length, the globulous part of the glafs being 
on the outfide about three inches and half in 
diameter: the pipe of this glafs was within an 
inch of the top, melted at the flame of a 
lamp, and drawn out for two or three inches 
as {lender as a crow’s quill, that the decrement 
of the water upon the recefs of the air, har- 
boured in its pores, might, if any fhould hap- 
pen, be the more eafily obferved and eftimated. 
Above this flender part of the pipe, the glafs, 
as was before intimated, was of the fame large- 
nefs, or near it, with the reft of the pipe, that 
the aerial bubbles, afcending through the flen- 
cer part, might there find room to break, and 
fo prevent the overflowing, or lofs of any part 
of the water. 

Tuts veffel being not without difficulty 
and fome induftry filled, till the liquor reached 
to the top of the flender part, where not be- 
ing uniformly encugh drawn out, it was fome- 
what broader than elewhere ; we conveyed the 
glafs, together with a pedettal for it to reft 
upon, into a tall receiver, and pumping out 
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the air, there difclofed themfelves numerous 
bubbles, afcending nimbly to the upper part 
of the glafs, where they made a kind of froth, 
or foam; but by reafon of the above-men- 
tioned figuration of the veffel, they broke at 
the top of the flender part, and fo never came 
to overflow. 

T’H 1s done, the pump was fuffered to reft 
a-while, to give the acrial particles, lodged in 
the water, time to feparate themfelves, and 
emerge; which when they had done a pretty 
while, the pump was plied again, for fear 
fome air fhould have ftolen into fo large a re- 
ceiver, Thefe viciffitudes of pumping and 
refting lafted for a confiderable time, till at 
length the bubbles began to be very rare, and 
we weary of waiting any longer: foon after 
which, the external air was let into the re- 
ceiver, and it appeared fomewhat ftrange to 
the fpectators, that notwithftanding {fo great 
a multitude of bubbles, as had efcaped out of 
the water, I could not by attentively comparing 
the place, where the furface of the water refted 
at firft, to which a mark had been affixed, with 
that where it now ftood; I could not, I fay, 
difcern the difference to amount to above, if 
fo much, as an hair’s breadth ; and the chief 
operator in theexperiment profeffed, that, for 
his part, he could not perceive any difference 
at all. 

T'xus far for the narrative of the trial 
made by water: but, that was not the only 
liquor, into whofe aerial particles I defigned 
by our little inftrument to inquire ; and there- 
fore filling a glafs of the fame fhape, and much 
of the fame bignefs, with claret wine, and 
placing it upon a convenient pedeftal, in a tall 
receiver, we caufed fome of the air to be 
pumped out ; whereupon, in a fhort time there 
emerged, through the flender pipe, fo very 
great a multitude of bubbles, that were darted, 
as it were, upwards, as did not a little, both 
pleafe and furprize the beholders; but it 
forced us to go warily to work, for fear the 
glafs fhould break, or the wine overflow. 
Wherefore we feafonably left of pumping, 
before the receiver was any thing near exhautted, 
and fuffered the bubbles to get away as they 
could, till the prefent danger was over-paffed ; 
and then from time to time, we pumped a 
little more air out of the receiver, till we were 
weary, the withdrawing of a moderate quan- 
tity of air at a time fufficing, even at the lat- 
ter end, to make the bubbles not only copi- 
oufly, but very fwiftly to afcend (by a minute 
watch) for above a quarter of an hour to- 
gether. 

Tue little inftrument, made ufe of about 
thefe trials, being defigned to examine, among 
other things, the quantity of bubbles lurking 
in feveral liquors, is to be applied to fpirit of 
wine and chemical oils, that are more fubtile 
liquors than wine itfelf. And fome circum- 
{tances of our trials made us think, that it 
might be worth examining, what kind of fub- 
{tance may be obtained by this way of hand- 
ling aerial and fpirituous corpufcles. But of 
the other ufes of our inftrument elfewhere. 


TITLE 
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TITLE VI. 


Of fome phenomena, afforded by fhell-fifbes in an 
exhaufted receiver. 


ExPERIiMENT l. 


N oyfter being put into a very {mall re- 
ceiver, and kept in long enough to have 
fucceffively killed three or four birds or beatts, 
&c. was not thereby killed, nor, for ought we 
could perceive, confiderably difturbed ; only 
at each fuck we perceived, that the air con- 
tained between the two fhells broke out at 
their commiffure ; as we concluded from the 
foam, which at thofe times came forth all round 
that commiffure. About twenty four hours 
after, coming to fee in what condition this 
oyfter was, I found, that both this, and ano- 
ther, that had been put at the fame time into 
the receiver, were alive ; but how long after- 
wards they continued fo, I did not obferve. 


EXPERIMENT [Il. 


TuatT fame day we put a pretty large craw- 
fifh into a pretty large receiver, and found, 
that though he had been injured by a fall be- 
fore he was brought thither, yet he feemed not 
to be much incommoded by being included, 
till the air was in great meafure pumped out; 
and then its former motion prefently ceafed, 
and he lay as dead ; till, upon the letting in a 
little air into the receiver, he began forthwith 
to move afrefh. And upon the withdrawing 
the air again, he prefently, as before, became 
movelefs. Having repeated this trial two or 
three times, we took him out of the receiver, 
where he appeared not to have fuffered any 
harm. 

ExpERIMENT II. 


But I thought it not unlikely, that there 
may be fome fuch inequality in the ftrength or 
vivacity of animals, as to fuch kind of expe- 
riments as ours, that it might be well worth 
while in feveral cafes to re-iterate our trials. 
And on this occafion, I fhall here add, that 
having put an oyfter into a vial full of water, 
before we included it in the receiver, that 
through the liquor the motion of the bubbles, 
expected from the fifh, might be the more 
pleafantly feen and confidered; this oyfter 
proved fo ftrong, as to keep itfelf clofe shut, 
and repreffed the eruption of the bubbles, that 
in the other did force open the fhells from time 
to time ; and kept in its own air as long as we 
had occafion to continue the trial. 


EXPERIMENT IV, 


Moreover a craw-fifh, that was thought 
more vigorous, being fubftituted in the, place 
of the former craw-fifh, though once he feemed 
to lofe his motion together with the air, yet 
afterwards he continued moving in the receiver, 
in fpight of our pumping: whether, becaufe 
there was fome unperceived leaking, that hin- 
dered a fufficient exhauftion of the air; or be- 
caufe this particular animal was more ftrong, or 
vivid, than the other, we could not pofitively 
determine. 


SPIRATION. 


TITLE. VIL 
Of the phenomena of a feale-fifh in an exhaujted 


vecelver. 


Tbe following experiment is far from 
being the firft, that was made on a fcale 
fifth in our vacuum; butin regard, that in the 
receivers, wherein thofe trials were made, the 
external air could not be kept out near fo long, 
and fo well as in the veffel J am about to men- 
tion ; I judged it well worth the pains to ob- 
ferve, what would happen to a fifh in an ex- 
haufted veffel, where it fhould be kept for 
fome hours together from all fupply of freth 
air. And therefore J made feveral trials to 
that purpofe ; whereof, that, which] think 
the moft confiderable, was regiftered as 
follows: 

We took a receiver, fhaped almoft like a 
bolt-head, containing by eftimation near a pint, 
and the globulous part of it being almoft half 
full of water, we put into it, at the orifice 
(which was pretty large) a fmall gudgeon, 
about three inches long, which, when it was in 
the water, fwam nimbly up and down therein. 
Then having drawn out the air fo well, that we 
gueffed by a gage, that about nineteen parts of 
twenty, or more might be exhaufted, we fe- 
cured ourfelves, that the regrefs of the air 
fhould not injure our experiment ; about 
which we obferved thefe particulars. 

First, The neck of the glafs being very 
long, though there appeared great ftore of 
bubbles all about the fifh; yet the reft of the 
water, notwithftanding the withdrawing of fo 
much air, as has been mentioned, emitted no 
froth, and but few bubbles. 

SECONDLY, The fifth both at his mouth 
and gills did, for a great while, difcharge fuch 
a quantity of bubbles as appeared ftrange, and 
for about half an hour or more (for much 


- longer I had not opportunity to watch it ;) 


when ever he refted a-while, new bubbles 
would adhere to many parts of his body (as if 
they were generated there) efpecially his fins 
and tail; fo that he would appear almoft befet 
with bubbles; and if, being excited to fwim, 
he was made to fhake them off, he would 
quickly, upon a little reft, be befet with new 
ones as before. 

THirpiy, Almoft all the while he would 
gape and move his gills, as before he was in- 
cluded; though towards the end of the time 
that I watched, it often happened, that he 
neither took in, nor emitted any aerial parti- 
cles, that I could perceive. 

FourTHLY, After a while he lay almoft 
conftantly with his belly upwards, and yet 
would in that pofture fwim brifkly as before. 

FirtTHuy, Nay, after a while he feemed 
to be more lively than at firft putting in: 
whether by reafon, that by difcharge of io 
many bubbles, which by their diftenfion, per- 
haps put him to pain, he found himfelf re- 
lieved, or for fome other caufe, [ examine not. 

Havine occafion to go abroad, I returned 
about an huur and a half after he had been 
fealed up, and found him almoft free from 


bubbles, 
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bubbles, and with his belly upwards, and 
feeming fomewhat tumid, but yet lively as be- 
fore. Butan hour and a quarter after that, 
when rifing from dinner, I went to look upon 
him again, he feemed to be movelefs, and 
fomewhat ftiff; yet, upon fhaking the glafs, 
obferving fome faint figns of life in him 
by fome languid motions, he attempted to 
make when excited to them, I opened the 
receiver under water, to try, if that liquor 
and air would recover him; and the ex- 
ternal water rufhing in, till it had filled the 
vacant part of the ball, and the greateft 
part of the ftem too, the fifh funk to the 
bottom of it, with a greater appearance than 
ever of being alive; in which ftate, after he 
had continued a pretty while, I.made a fhift, 
by the help of the water he fwam in, to get 
him through the pipe into a bafon of water, 
where he gave more manifeft figns of life; but 
yet for fome hours lay on one fide or other, 
without being able to {wim, or lie on his belly, 
which appeared very much fhrunk in, as if 
fomething during the time of its being fealed 
up had been broken in his body, or his belly 
had been exceedingly diftended, beyond refti- 
tution to its former tone. : 

Att the while he continued in the bafon of 
water, though he moved his gills as before he 
had been fealed up, yet I could not perceive, 
that he did, even in his new water, emit; as 
formerly, any bubbles, though two or three 
times I held him by the tail in the air, and put 
him into the water again ; where at length he 
grew able to lie conftantly upon his belly, which 
yet retained much of its former lanknefs ; and 
though it be now about, or above twenty four 
hours, fince he was firftincluded, he continues 
yet alive. 

(Postscript. He lived in the bafon eight 
or ten days longer; though divers gudgeons 
fince taken died there in much fewer days.) 


TITLE VIL 


Of two animals included, with large wounds in 
the abdomen, in the pneumatical receiver. 


EXPERIMENT I. 
SMALL bird, having the abdomen 


opened almoft from flank to flank, with- 
out injuring the guts, was put into a {mall re- 
ceiver, and the pump being fet to work, con- 
tinued for fome little time without giving any 
figns of diftrefs; but at the end of about a 
minute and a half from the begining of the 
exhauftion, fhe began to have convulfive mo- 
tions in the wings: and though the convul- 
fions were not univerfal, or did appear violent, 
as is ufual in other birds, from whom the air 
is withdrawn by the engine, yet at the end of 
two full minutes, letting in the air, and then 
taking off the receiver, we found the bird ir- 
recoverable ; notwithftanding which, we did 
not find any notable alteration in the lungs, 
and found the heart, or, at leaft, the duricles 
of it, to be yet beating, and fo it continued 
for a while after. 

t 


EXPERIMENTS 
Experiment I, 

W = took alfo a pretty large frog, and hav- 
ing, without violating the lungs or the guts, 
made two fuch incifions in the abdomen, that 
the two curled bladders or lobes of the lungs 
came out almoft totally at them, we fufpended 
the frog by the legs in a {mall receiver; and 
after we had pumped out a good part of the 
air, the animal ftruggled very much, and 
feemed to be much difordered ; and when the 
receiver was well exhaufted; fhe lay ftill for a 
while, as if fhe had been dead; the abdomen 
and thigh very much fwelled; as if fome ra- 
refied air, or vapour, forcibly diftended them. 
But as, when the frog was put in; one of the 
lobes was almoft full, and the other almoft 
fhrunk up; fo they continued to appear, after 
the receiver had been exhaufted ; but upon 
letting in of the air, not only the body ceated 
to be tumid, but the plump bladder appeared 
for a while, fhrunk up as the other, and the 
receiver being removed, the frog prefently re- 
vived, and quickly began to fill the lobe with 
air. 


| TITLE IX. 
Of the motion of the feparated heart of a cold 


animal in the exbaufted receiver. 


Wier difcuffing the opinions of 
learned men about the connection and 
dependency of the motions of the blood, and 
beating, of the heart, I thought it might give 
me a fufficient inducement to make the follow- 
ing experiment, that feveral forts of animals 
would be prefently killed in our vacuum by 
the withdrawing of the air; and even the ‘in- 
fects mentioned in the formerly publifhed di- 
ereffion about refpiration; though they alfo 
were not totally deprived of life by the ab- 
fence of the air, yet they were of vifible mo- 
tion: wherefore, fome good hint or other be- 
ing to be hoped for from the difcovering, whe- 
ther or no a feparated heart, which is but @ 
part of an animal, would continue its motion 
in our vacuum ; we made fome trials to that 
purpofe, whofe fuccefs I find thus fet down. 


EXPERIMENT JI, 


Tue heart of an eel being taken out, and 
laid upon a plate of tin in a {mall receiver, 
when we perceived it to beat there, as it had 
done in the open air, we exhaufted the veffel, 
and faw, that, though the heart grew very 
tumid, and here and there fent forth little bub- 
bles, yet it continued to beat as manifeftly as 


‘before, and feemed to do fo more {wiftly ; as 


we tried by numbering the pulfations it made 
in a minute, whilft it was in the exhaufted re- 
ceiver and when we had re-admitted the air, 
and alfo when we took it out of the glafs, and 
fuffered it to continue its motion in the open 
air. The heart of another é2l, being likewife 
taken out, continued to beat in the emptied re- 
ceiver, as the other had done. 


EXPERIMENT. II. 


Tne heart of another eel, after having been 
included in a receiver, firft exhaufted, and then 
accurately 
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accurately fecured from leaking, though it ap- 
peared very tumid, continued to beat there an 
hour; after which, looking upon it, and find- 
ing its motion very languid, and almott ceafed, 
by breathing a little upon that part of the glafs, 
where the heart was, it quickly regained mo- 
tion, which I obferved a while; and an hour 
after, finding it to feem almoft quite gone, | 
was able to renew it by the application of a 
little more warmth. At the end of the third 
hour, coming to look at it once more, a bub- 
ble, that appeared to be placed between the 
auricle and the heart, feemed to have now and 
then a little trembling motion; but I found it 
fo faint, that I could no more by warmth ex- 
cite it, fo as plainly to perceive the heart to 
move: wherefore I fuffered the outward air to 
rufh in, but could not difcern, that thereby 
the heart regained any fenfible motion, though 
affifted with the warmth of my breath and 
hands, —_ | 
TITLE X. 

A comparifon of the times, wherein animals may 

be killed by drowning, or withdrawing of 

the air. 


TS help myfelf and others to judge the 
better of fome difficulties concerning re- 
fpiration, I thought it might be ufeful, that 
we compared together the times, wherein ani- 
mals may be killed by that want of refpira- 
tion, which, in thofe that are drowned, is 
caufed by the water that fuffocates them, and 
that other want, which proceeds from with- 
drawing the ambient air. Of the latter of thefe, 
a fufficient number of inftances is to be met with 
among our other experiments, and therefore, 
I fhall now fubjoin about the former the more 
trials, becaufe this comparifon hath not, that 
I know of, been yet thought on by any. 


ExPERIMEDNT I. 


A green-finch, having his legs and ‘wings 
tied to a weight, was gently let down into a 
olafs-body filled with water; the time of its 
total immerfion being marked: at the end of 
half a minute after that time, the ftrugglings 
of the bird feeming finifhed, he was nimbly 
drawn up again, but found quite dead. 


EXPERIMENT II. 


WHEREUPON a fparrow, that was very 
lufty and quarrelfome, was tied to the fame 
weight, and let down after the fame manner ; 
but though he feemed to be under water more 
vigorous than the other bird, and continued 
ftrugeling almoft to the very end of half a 
minute, from the time of his being totally im- 
merfed, (during which ftay under water, there 
afcended, from time to time, pretty large 
bubbles from his mouth) yet notwithftanding 
that ag foon as ever the half minute was com- 
pleated, he was drawn up, we found him, 
to our wonder, irrecoverably gone. 


ExPERIMENT III. 


A fmall moufe, being held under water by 
the tail, emitted from time to time, divers 
aerial bubbles out of his mouth, and at laft, 
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as.one of the fpeétators affirmed, he faw at 
one of his eyes: being: taken out at the end 
of half a minute and fome feconds,. he yet 
retained fome motions ; but they proved but 
convulfions, which at laft ended in death. 


“< By what is related under the firft title, it 
does not appear, that water-fowl, at leaft, 
“¢ that ducks could, in our receivers, endure the 
‘¢ want of air much longer than other birds: 
“¢ but now to fhew, that the contrivance of 
nature is not infignificant, as to the enabling 
‘© them to continue much longer under water, 
“© without frefh air, than the land birds above- 
mentioned, it will not be amifS to fubjoin 
* the two following experiments.”’ 
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ExPERIMENT IV. 

We took the duck mentioned in the firft ti- 
tle, and fo tied a confiderable weight of lead 
to her body, as it did not hinder her refpira- 
tion, and yet would be fure to keep her down 
under water; which we had found, that a {mall 
weight would not do by reafon of her ftrength; 
nor yet a great weight, if tied only to her feet, 
in fuch a middle-fized tube as ours was, becaufe 
of the height of her neck and beak. With the 
above-mentioned clog, the duck was put into 
a tub full of clear water, under whofe furface 
fhe continued about a minute by my watch, 
quietly enough, but afterwards began to ap- 
pear for a while much difturbed ; which fit be- 
ing Over, Our not perceiving any motion in her 
made us, at the end of the fecond minute, take 
her out of the water, to fee in what condition 
fhe was, and finding her in a good one, after 
we had allowed her fome breathing time to 
recruit her felf with frefh air, we let her down 
again into the tub, which in the mean time 
had been filled with frefh water, leaft the other, 
which had been troubled-with the fteams and 
foulnefs of the duck’s body, might either haften 
her death by its being infected with them, or 
hinder our difcerning what fhould happen, by 
its being opacated by them. 

Tue bird being thus under water, did after 
a while, begin, and from time to time con- 
tinue, to emit divers bubbles at her beak. 
There alfo came out at her noftrils, divers real 
bubbles from time to time; and when the 
animal had continued about two minutes, or 
better under water, fhe began to ftruggle very 


much, and to endeavour either to emerge, or - 


change poftures ;_ the latter of which the had 
liberty to do, but not the former. After four 
minutes, the bubbles came much more {paringly 
from her: then alfo fhe began to gape from 
time to time, (which we had not obferved her 
to do before,) but without emitting bubbles ; 
and fo fhe continued gaping until near the end 
of the fixth minute, at which time all her mo- 


tions, fome of which were judged convuilfive, . 


and others, that had been excited by our rouz- 
ing her with a forceps, appeared to ceale, 
and her head to hang carelefly down, as if 
fhe was quite dead. Notwithftanding which, 
we thought fit for greater fecurity, to continue 
her under water a full minute longer, and then 
finding no figns of life, we took her out, and 
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being hung by the heels, and gently preffed 
in convenient places, fhe was made to void a 
pretty quantity of water, of which, whether 
any had been recerved into the lungs them- 
felves, we had not time and opportunity to ex- 
amine. But all the means, that were to reco- 
ver the bird to life, proving ineffectual, we 
concluded, fhe had been dead a full minute 
before we removed her out of the water: fo 
that, to fum up the event of our experiment, 
even this water bird was not able to live in cold 
water, without taking in frefh air, above fix 
minutes ; which is but 7's of an hour. 


EXPERIMENT V. 


THe duckling mentioned in the firft title, 
and fecond experiment, having a competent 
weight tied to her legs, was let down into a 
tub of water, which reached not above an 
inch or two higher than her beak: during the 
moft part of her continuance, there came out 
{tore of bubbles at her noftrils; but there 
feemed to come out more and greater from 
a certain place in her head; almoft equidiftant 
from her eyes, but fomewhat lefs remote from 
her neek than they. Whilft fhe was kept in 
this condition, fhe feemed frequently to en- 
deavour to dive lower under the water, and 


after much ftruggling, and frequent gaping,. 
fhe had divers convulfive motions, and then let. 


her head fall down backward, with her throat 
upwards. ‘To which movelefs pofture fhe was 
reduced at the end of. the third minute, if not 
a little fooner; but a while after there ap- 
peared a manifeft, but tremultous motion in 
the two parts of her bill, which continued for 
fome time, but afforded no circumftances, 
whereby we could be fure, that they were not 
convulfive motions: but thefe alfo ceafing up- 
on the end of the fourth minute, the bird was 
taken out and found irrecoverable. 


EXPERIMENT VI. 


A viper, that was kept fo many hours in an 
exhautted receiver, till it was concluded to be 
ftark dead, and to have been fo for a good 
while, was neverthelefs refolutely hindered by 
me from being thrown away, till I had tried, 
what could be done by keeping it all night ina 
glafs-body upoa a warm digeftive furnace. 
Whereupon this viper was found the next morn- 
ing, not only to be revived, but to be very 
lively, fo as to invite me to make with her, 


without feeking for another, the following ex- 
periment. _ 

We put her into a tall glafs-body, fitted 
with a cork to the orifice of it, and depreffed 
with weight, fo that fhe could come at no air. 
In this cafe we obferved her from time to time ; 
and after fhe had been ducked a-while, fhe lay 
with very little motion for a confiderable {pace 
of time. At an hour and a quarter fhe often 
put out her black tongue: at near four hours 
fhe appeared much alive, and, as I remember, 
about that time alfo put out her tongue, fwim- 
ming all this while, as far as we obferved, a- 
bove the bottom of the water. At the end of 
about feven hours or more, fhe feemed yet to 
have fome life in her, her pofture being mani- 
feftly changed in the glafs, from what it was 
a-while before; unlefs that might proceed from 
fome difference made in her body, as to gravi- 
ty and levity. Not long after, fhe appeared 
quite dead, her head and tail hanging down 
movelefly, and directly towards the bottom of 
the veffel, whilft the middle of the body floated 
as much as the above-mentioned cork would 
permit it. 

Haste maketh me pretermit the mention 
of divers things fuggefted by what hath been 
delivered upon the prefent title. But this one 
thing would be taken notice of, that, though. 
fome of the above-mentioned animals feem, by 
the relations we have given of them, to have 
been a little fooner deftroyed by drowning, 
than any we have mentioned were by our en- 
gine, that is no fure proof, that fuffocation does 
kill animals fafter than the deprivation of air, 
they are expofed to in our engine. For in 
drowning, that which deftroys is applied to its 
full vigour at the firft, and all at once; where- 
as, our receivers being made for feveral pur- 
pofes, the deprivation of the air, that they 
make, cannot be made all at once, but the air 
muft be pumped out by degrees; fo that till 
the laft the receiver will be but partly emptied. 
For confirmation of which, I have this to al- 
lege, that, having in the prefence of fome vir- 
tuofi provided for the nonce a very {mall re- 
ceiver; wherein yet a moufe could live fome- 
time, if the air were left in it, we were able to 
evacuate it at one fuck, and by that advantage 
we were enabled, to the wonder of the be- 
holders, to kill the animal in lefs than half a 
minute, | 
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Printed firft in the PHILOSOPHICAL TRANSACTIONS, 
N° 63, for September the 12th, 1670. 


A PREFACE concerning thefe EXPERIMENTS. 


to all he wrote about refpiration, have 
been purpofely omitted; yet there 
are fome few points fo neceffary to be taken 
notice of, that it is thought unfit to leave them 
wholly untouched, For, the following expe- 
riments being not at firft written for the prefs, 
and thrown by for many years, till they were 
very haftily gathered together, and in fome 
places fupplied with others, little lefs haftily 
annexed, to make fome neceflary fupplies, the 
reader muft not expect in fuch a cafual tract, 
(which the author confeffes to be one of the 
moft imperfect, and immethodical of all his 
compofures) any thing but novelty and truth, 
and an earneft defire to be ferviceable in an in- 
quiry fo important to mankind, to the curious 
in general, and efpecially to phyficians, who, 
by the encouraging mention they have made 
of his former endeavours in this kind, have 
invited him to add thefe many new experi- 
ments to thofe few, they had hitherto exercifed 
their wits upon ; and, to leave them the more 
freedom to do fo, he purpofely forbore to con- 
firm, or confute any hypothefis, or fo much 
as propofe any of his own; declaring it to be 
his aim, not to efpoufe, or make a party, but 
to communicate to the curious fome matters of 


HOUGH, to thun prolixity, the 
; preface, which the author had made 


fact, that are new; and in an hiftorical way 
impartially delivered. No more of preface is 
now to be added, but that it is thought fit, for 
prevention of ambiguity, to give this adver- 
tifement, touching the ground of the title of 
Vacuum Boylianum, to be met with in thefe ex- 
periments; that, as learned men, both Enelifh 
and foreigners, in their writings, have fami- 
liarly, for diftinction-fake, employed the titles 
of MachinaBoyliana, andExperimenia Boyliana ; 
fo the author, that writ thefe, for the moft 

art in hafte, and for his own memory, did 
for difpatch-fake, call the abfence of the air. 
procured in his receivers, our vacuum; whence 
by analogy was framed the Vacuum Boylianum, 
which he therefore thinks the lefs improper, 
becaufe, to call it vacuum abfolutely, would 
be judged by many a declaring himfelf a va- 
cuift, who does not yet own the being either 
of their opinion, or a downright plenift; or 
elfe he muft be troublefome to the reader and 
himfelf, by frequently explaining, what. fort 
of vacuum he underftands ; whereas he de- 
clares once for all, that’by the Vacuum Boylia- 
num, he means fuch a vacuity or abfence of 
common air, as is wont to be effected or pfo- 
duced in the operations of the Machina Boy- 
liana. 


TITLE XI. 


Of the accidents, that happened to animals in air, 
brought to a confiderable degree, but not near 
the utmoft one, of rarefaction. a 


N the generality of our pneumatical expe- 

riments upon animals, it fuited with our 

purpofes, to rarefy the air as much, and for 
J 


the moft part as faft, as we could: but I had 
other trials in defign, wherein an extraordmary 
degree of rarefaction, but yet not near the 
higheft, to which the air might be brought by 
our engine, feemed likelieft to conduce to my 
inquiries, and particularly feemed hopeful to 
afford fome light, in reference to thofe difeafes 
and diftempers, that are thought primarily to 
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affect the refpiratory organs; or, to depend 
upon fomething amifs in refpiration. 

WueEreEFoRE having gages, by the help 
of which fuch experiments might be much 
better performed, than elfe they could, I at- 
tempted feveral of them ,; fome of whofe fuc- 
ceffes I find in the following memorials. 


ExPERIMENT I. 


A linnet being put into a receiver, eapable 
to hold about four half pints of water, the 
glafs was well clofed with cement and a cover, 
but none of the air was drawn out with the 
engine, or otherwife. And though no new air 
was let in; nor any change made in the im- 
prifoned air; yet the bird continued there 
three hours; without any apparent approach to 
death ; and though it feemed fomewhat fick; 
yet being afterwards taken out, it recovered, 


and lived feveral hours. 


ExpERIMENT MII. 


FRrowm the above-mentioned receiver about . 


half the air was drawn out, a linnet.being then 
in the glafs, and in that rarified air, (which 
appeared by a gage to continue in that itate) 
the bird. lived an hour and near a quarter, be- 
fore it feemed in danger of death ; after which, 
the air being let in without taking off the re- 
ceiver, fhe manifeftly recovered; and leaped 
againft the fide of the glafs: being taken out 
into the open air, fhe flew out of my hand to 
a pretty diftance. 


EXPERIMENT III. 


We conveyed into a receiver, capable to. 


hold four half pints of water, a lark, together 
with the gage, by the help whereof we 
pumped out of the receiver, three quarters of 
the air, that was in it before: then heedfully 
obferving the bird, we perceived it to pant very 
much, fo that a learned phyfician (from whom 
I yet diffented) judged thofe beatings to be 
convulfive : having continued thus for a little 
above a minute and a half, the bird fell into 
a true convulfive motion, that caft it upon the 
back. And although we made great hafte to 
Jet in the air ; yet, before the expiration of the 
fecond minute, and confequently, in lefs than 
half a minute from the time immediately pre- 
ceding the convulfion, the lark was gone paft 
all recovery, though divers means were ufed 
to effect it. 


ExPERIMEDNT IY, 


PRESENTLY after we put into the fame 
receiver a green-finch, and having withdrawn 
the air, until it appeared by the gage there re- 
mained but half, we prefently began to obferve 
the bird, and took notice, that, within a 
minute after, fhe appeared to be very fick, and 
fhaking her head, threw againft the infide of 
the glafs a certain fub%tance, which I took to 
be vomit, and which afterwards appeared fo: 
upon this evacuation the bird feemed to re- 
cover, and continue pretty well (but not with- 
out panting) until about the end of the fourth 
minute, at which growing very fick, fhe vo- 

; I 


PNEUMATICAL EXPERIMEMTS 


mited again (fhaking her head as at firft,) but 
much more tnqueftionable than before, and 
foon after, eat up again a little of her vomit; 
gt which time (whether, that contributed to 
her recovery or no) fhe yery mueh recovered. 
And theugh fhe had in all three fits of vo- 
tmiting; yet for the laft feven or eight minutes, 
that we kept her in the receiver, fhe feemed 
to be much imore lively than was expected ; 
which may in part be attributed to a little air, 
that by accident got ins; though it were imme- 
diately pumped out again. At the end of a 
full quarter of an hour from the firft exhauftion 
of the receiver, the bird appearing not likely 
to die in a great while, and the engine being 
needed for other yfes; we took out the bird, 
and thereby put a period to the experiment. 


EXPERIMENT V. 


I now thought it fit to try, whether, though 
a viper would not hold out very many hours in 
air, brought to as high a rarefaétion, as we 
could bring it by our engine, yet to that cold 
and vivacious animal, a very {mall propor- 
tion of air, in comparifon of what was necef- 
fary to hot animals, would not fuffice to keep 
it alive for a confiderable time: the narration 
of the experiment I find regiftered as follows. 

AA viper lately bought of the perfon, that at 
this feafon ufes to take new ones, almoft from 
day to day, was included together with a page 
in a portable receiver, capable to hold about 
three pints and half of water. This vefiel being 
exhaufted, and fecured againft the regrefs of 
the air, the imprifoned animal was obferved 
from time to time ; and obferved not only to 
be alive, but nimbly to put out, and to draw 
back, its tongue about 36 hours afterit was fhut 
up; for which reafon we continued the veffel 
Jonger in the fame fhady place ; where at the 
end of 60 hours, looking upon her, as I was 
going to bed, fhe appeared very dull and faint, 
and not likely to live much longer: and the 
next morning being by fome occafions carried 
abroad, and coming to look upon the glafs 
prefently after dinner, I found her ftark dead, 
with her mouth opened to a ftrange widenefs ; 
wherefore fuffering water to be impelled by 
the outward air into the cavity of the receiver, 
to obferve how far that veffel was then emp- 
tied of air, we found by the water, that was 
driven in, and afterwards poured out again, and 
meafured, that 4 parts of 5, or rather 5 of 6 
of the veffeled air. (if I may fo call that, which 
was fhut up in the receiver) had been pumped 
out; fo that in an air fo rarified as to expand 
itfelf to 5 or 6 times its former and ufual di- 
menfions, our viper was able to live 60 hours, 
that we are fure of, and perhaps might a 
pretty while longer. 


AA digreffive experiment concerning refpiration 
upon very bigh mountains. 


To illuftrate what I have taken notice of in 


the printed experiments about the unfitnef§ for _ 


refpiration, obferved hy the learned ofa in 
the high mountains of Pariacaca, I fhall here 
add, what I have had the curiofity and occa- 
fion to learn from divers travellers, whom: I 


purpofely 
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purpofely confulted about thefe matters; whereof 
you will eafily believe, that not many of them 
have had opportunity to give accounts. Meet- 
ing with an ecclefiaftical perfon, that had vifited 
thofe high mountains of Armenia, (on one -of 
which, becaufe of their height, the tradition of 
the natives will needs have the ark to have 
refted ;) Iafked him, whether thofe moun- 
tains are as really fo high as is given out, and 
whether at the top of that he vifited, he 
found any difficulty of breathing. To the 
firft part of which queftion he anf{wered. that 
they wére really exceeding high (which he 
might well judge of, having been upon fome 
of the moft famous both in Europe, Afa and 
Africa 5) and that he ‘could not come to the 
top, becaufée of the unpaffable fnows: and to 
the fecond part she replied, that whilft he was 
in the upper patt of the mountain, he plainly 
perceived,: that he was reduced to fetch his 
breath much oftener than he was wont, and 
than he did before he afcended the hill, and af- 
ter he cathe down from it. And upon my im- 
. quiring, whether or no that difficulty of breath- 
ing might not be accidental; or peculiar to 
him, he told me, that he himfelf having ex- 
prefled fome wonder to firid himfelf fo fhort- 
winded, the people told him, that it was no 
tore than happerted to them, when they were 
fo high above the plains it being a ¢otnmon 
obfervation among them. And I was the 
more meélined; both to make inquiry about thefe 
Matters, and to belteve what lie faid; becaufe 
what he related of their being covered with 
fhrow, and of an odd temperature of air, I had 
learned before frorn a traveller of another nation 
than this perfon, and a ftranger to him. 

Tue fame churchman, being afked by me, 
whether he had not in fome part of Ewrope 
made the like obfervation (of the difficulty of 
breathing) told me, that he had done it upon 
the top of a mountain in the country of Gevennes; 
in or near the province of Languedoc ; which 
may ferve to confirm what 1 am about to re- 
late fromm the mouth of a learned traveller; 
that was upon the top of one of the Pyreneans, 
that is not Very remote from the mountains we 
fpeak of. | 

Tis gentleman, who was a perfoh curiotis 
and intelligent; being, brother-in-law to one of 
the chief lords of thofe parts, was by him in- 
vited, about the beginning of September; to 
vifit a neighbouring mountain, that is at leaft 
one of the higheft of the Pyreneans; which is 
commonly called Pic de Midi, upon whofe 
top, Whtre a tent was fpread for them, they 
ftayed many hours. His anfwers to the other 
queftions I aiked him, ave elfewhere related: 
all that concerris this place being, that I find 
this fet down among my adverfaria; viz. I 
alfo inquired of him, whether they found the 
air at the top as fit for refpiration as common 
air, which he told me they did not, but were 
fain to breath fhorter, and oftener then ufual ; 
and becaufe 1 fufpected, that might come from 
their motion, I afked, whether they obferved 
it to ceafe, when they carne down to the bot- 
tom of the hill; which he tald me. they plainly 
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did ; befides that they flayed many houts at 
the top, too long to continué out of breath. 
Bu v.that I may tot here conceal any thing, 
that may conduce to the difcovery ef the truth 
in the matter under confideration, I fhall here 
add, that I did fometimes think it worth fur- 
ther inguiry, whether the ficknefs, if not alfo 
the difficulty of breathing, that fome have 
been obnoxious to, in the uppermoft parts of 
Pariacacha, and perhaps, fone other high 
mountains; may not be imputed, not fo pre- 
cifely to the thinnefs and rarity of the air, in - 
places fo remote frorn the lowerrnoft part of 
the atmofphere, as to include certain fteams of 
a pecuhar nature, which, ia feme places, the 
air may be,imbued with? In favour of which 
fufpicion, I remember, that inquiring once of 
an intelligent than; who had lived feveral years 
in the Ifand of Teneriff, whether he had been 
at the top of the Pic of that name, and what 
lie had there taken notice of about the air? 
he anfwered me} that he had attempted to go 
up to the top of the mountain, but; that 
thotigh fome of the company were able to do 
fo, he and fome others, before they had reached 
fo high, grew fo fick upon the operation they 
felt of the fharp air, and fulphurous exhala- 
tions which infected it, that they were fain to 
{tay behind their companions, he having al- 
ready foumd.this effect of thofe piercing fteams 
upon his face; which, when he made me this 
relation, was of a fair cotnplexion, that the 
fkin began to be of a pale yellows and even 
his hair to be difcoloured. 
t 


TITLE Xi 
Of the obfervations produced in an animal, in 
changes as to rarity and denfity made in the 
jelf-[ame ait. 

N the experiments hitherto recited, the 

animals, that were recovered from a gafping 
condition, have been fo, by letting in frefh 
air upon therm; and not the fame, that had been 
withdrawn from them. Wherefore I thought 
it Very requifite to try, whether the fame per- 
tion of air; without being rénewed; would, by 
being expanded much beyond its ufual degree; 
and reduced to it; ferve to bring an animal to 
death’s door, and revive hirn again; fince by 
the fuccefs of fuch a trial it would notably ap- 
pear, that the bare change of the confiftence of 
the air, as to rarity and denfity, may fuffice to 
produce the abovementioned effect, 

But to devife a way to ptt this expetifnent 
in practice appeared no eafy matters fince it 
required a receiver, that fliould be tranfparent, 
and be capable of changing its bulk; without 


juffering any air to get 1n or out. 


To furmount thefe difieulties, thie firft thing 

I thought on was, to take a fine limber and 
clear bladder of a fheep er hog; made more 
tran{parent by being anointed with oil; which 
was done on the outfide; that the fmell of it 
might lefs offend the animal to be included. 
Then we clipped off as much of the bladder 
at the neck, as was judged abfolutely necefla- 
ry tomake an orifice capable of letting ina 
K. k moufe 3 
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tnoufe ; that fort of animals being, by reafon 
of their fmallnefs, the fitteft of thofe furnifhed 
with lungs and hot blood, we could procure. 
And whereas it feemed very difficult, when the 
neck of the bladder was cut off, to make up. 
fo large an orifice without wrinkles, at which 
the rarified air may efcape; to obviate this in- 
convenience, we provided a round ftick fome- 
what lefs than the orifice, that, the wood be- 
ing laid over with a clofe and yielding cement, 
(for pitch, or the like common ftuff will not. 
always ferve the turn) we might be able to tie 
the bladder faft and clofe enough upon the thus 
fitted ftopple. 7 


AND how to reduce thefe things to practices. 


and by their help make our defigned experi- 
ment, we included a moufe into a receiver 
made according tod this way, leaving in the 
bladder as much air, as we thought might 
fuffice him for a long time, as the experiment 
was to laft. “Then. putting this lhmber or ex- 
tenfible receiver, if I may fo call it, into an or- 
dinary one of glafs, and placing this engine 
near a window, that we may fee thro’ both of 
them; the air was by degrees pumped out of 
the external receiver, (as for diftin¢tion fake I 
fhall call it) and thereupon the air included in 
the bladder did proportionably expand ifelf, 
and fo diftend the external receiver, till being 
arrived at a degree of rarefaction, which ren- 
dered it unfit for the included moufe’s refpira- 
tion, I perceived, though with fome difficulty, 
in this animal, the figns of his being in great 
danger of fudden death. Whereupon the out- 
ward air being haftily let into the external re- 
ceiver, compreffed the {welled bladder to its 
former dimenfions, and thereby the included 


air to its former denfity, by which means the 


fainting moufe was quickly revived. Having 
given him fome convenient time of refpite, the 
experiment was reiterated with the like fucceds, 
and we doubted not, but the third trial we 
made would have ended as the .two former 
did; but that, whilft we were confidering of 
the ficknefs of the moufe, which, by reafon of 
fome opacity that could ‘{carce be avoided in 
the wrinkled bladder, was not as to its degree 
fo eafily taken notice of, it grew irrecoverable 
by the fubfequent condenfation of the air. 

N.B. The confirmation of this by further 
experiménts will properly fall under another 
title, sa. 

TITLE. Xl. 


Of an unfucce/sful attempt to prevent the neceffi- 
ty of refpiration by the production, or growth, 
of animals in our vacuum. : 


H A VING had frequent occafions to ob- 
ferve, how quickly thofe animals, whofe 
blood is actually warm, did expire in our va- 
cuurn; and that even thofe animals, with 
lungs, whofe blood was actually cold, were 
not able to live any confiderable time there; I 


thought it very well worth while, and yet ex- - 


tremely difficult, to try, whether there might 
not be fome ways yet unpracticed, either to 
make fuch animals as nature endows with 
lungs, live without refpiration, or at leaft, to 
bring fuch infects, and other animals, as can 
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already live without air, to move alfo without 
it in our vacuum. 

- ‘THEREFORE confidering with my felf what 
happens to infants, and other young animals, in 
the womb, and even after they come from 
thence, if they continue to be wrapped up in 
the fecundines; though as foon as they are 
brought into the free air, they may be prefent- 
ly killed by being kept from breathing: confi-_ 
dering alfo, what I elfewhere relate: of the 
flow expiration of a very young kitling in our 
vacuum, together with the long want of refpi-- 
ration, which cuftom enables fome divers to 
endure: confidering thefe things, I fay, 
though Iknow, that fomewhat may be objec- 
ted to fhew, that thefe inftances are not alto- 
gether full to my purpofe; yet they, among 
other things; invited me to think, that the 
leaft unlikely projects, that occurred to, 
my barren invention, would be thefe that 
follow. 

First, I thought fit to try, whether the 

feeds of refpiring animals might be either 
hatched, or otherwife brought to produce young 
ones, in our vacuum. For, if that could be 
compafied, I fhould obtain my end. 
- Next, in cafe of my failing in the former 
attempt, and that, which is to be after a few 
lines propofed, I thought fit to try; whether 
at leaft I could not bring the eggs of infects 
to hatch or be animated; or aurelias, as they 
call them, that were already alive, turn ac- 
cording to the courfe of nature, into winged 
infects, as flies, or butter-fifhes: of which trials, 
and thofe of the former fort, the account pro- 
perly belongs to another place, where I relate 
the fuccefs of thefe and other attempts to pro- 
duce plants and animals in our vacuum. 

Burt thirdly, confidering, that nature has fo 
ordered it, that frogs, though when they are 
erown big: enough to deferve that name, they 
be amphibious animals, endowed with lungs; 
yet before they attain to that pitch, they live 
wholly in the water like fifhes; I thought it 
the moft expeditious, and leaft improbable at- 
tempt we could make, to try, whether or no 
this animal, being as a fifh brought to live, 
either in our vacuum, or at leaftin highly rare- 
fied air, would not continue to do fo, after its 
lungs fhould be perfectly formed. Wherefore, 
though I forefaw, and foretold the difficulty, 
that would be met with in the profecution of 
this experiment, namely, that the aerial bub- 
bles, that would be difclofed in fuch foft bo- 
dies upon the withdrawing of the preffure of 
the ambient, would fo violate the flight texture 
of thofe tender animals, as to hinder them 
from living long, or moving freely; yet I 
thought it very fit to attempt the trial, 
whereof I find this account among my 
adverfaria. 


ExPERIMENT FE. 


We took a good company of tadpoles, and 
put them with a convenient quantity of water 
into a portable receiver of a round figure, and 


-obferved, that at the firft exfuction of the air 


they did rife to the top of the water, though 
moft of them fubfided again, till the next ex- 
2 fuction 
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fuction raifed them. They feemed by their 
active and wrigling motion to be very difcom- 
pofed. The receiver being exhaufted, they 
continued reftlefs, moving all of them in the 
top of the water; and though fome of them 
feemed to endeavour to go to the bottom, and 
dived fome part of the way, efpecially with 
their heads, yet they were immediately buoyed 
up again. Within an hour a or little more, they 
were all movelefs, and lay floating on the wa- 
ter: wherefore I] opened the receiver, upon 
which the air rufhed in, and almoft all of them 
(which were many) prefently funk to the bot- 
tom, but none of them recovered to life. 


ExperimMenvy II. 


_ AA little after thefe, we included a leffer rium- 
ber of tadpoles in a fmaller glafs, which was 
alfo exhaufted with the like circumftances with 
the former. And when I found the other tad- 
poles to be dead, I hafted to thefe, which did 
not, except perhaps one, give any fign of life, 
but upon Jetting in the air, thefe having not 
been long kept from it, fome few of them did 
recover, and fwam up and down lively enough 
for fome time ; though after a while they alfo 
died, | 3 
ExPERIMENT III. 


Some years after I repeated tne fame expe- 
giment in a portable receiver of a convenient 
kind ; and though after the exhauftion was per- 
fected, the tadpoles did for a while move brifk- 
Jy enough on the top of the water, none of 
them appearing able to dive or fwim under 
water, yet Coming to look on them at the end 
of an hour, they feemed to be all of them quite 
dead, yet continued floating. And though 
within half an hour after that, I let in the air 
upon them, yet all the effect of it was, that the 
moft of them immediately funk to the bottom, 
as the reft of them did a very little while after, 
none of them, that I could obferve, recovering 
any vital motion. 


EXPERIMENT IV. 


THERE remains an experiment, which I 
often judged as well more hopeful as more no- 
ble, if I could procure an opportunity to bring 
my defign to a trial; which I have found it ve- 
ry difficult to do; neverthelefs I was able to 
do it once, though not fully as I defired, yee 
not altogether without fucceds. | 

We procured then, and with miuch ado, 
fome of thofe odd infects, which I elfewhere 
defcribe, whereof gnats have by fome ingeni- 
ous men been obferved to be generated about 
the end of Auguft, or beginning of September. 
Thefe for fome weeks live all together in the 
water, as tadpoles do, fwimming up and down 
therein, till they are ripe for a tranfmigration 
into flies: which it felf is fo great a rarity in 
nature, as makes thefe little creatures recom- 
pence to our curidfity the trouble, they often 
give our faces and hands. Suppofing then, 
that if I could get fome of thefe, and include 
them, being of thofe infects they call aquatilia, 
and fo minute as they are, they may live a 
great while in the receiver without air, and in 


the mean while attain the period, which, ac- 
cording to nature’s courfe, is wont to turn them 
into flies, which might come forth winged 
creatures into a medium not furnifhed with 
common air, as others of their kind enjoy; 
{uppofing, I fay, that thefe infects would af- 
ford me fome information about thefe particu- 
Jars, having upon much watching met with 
four or five of them after a fhower of rain, 
that dropped from a houfe into a veffel laid on 
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purpofe for it, we included them with fome of - 


their water intoa {mall glafs receiver, which 
being very exactly clofed, we kept in a fouth- 
window; where thefe little creatures continued 
to {wim up and down for fome few days, with- 
out feeming to be much incommodated by fo 
unufual an habitation ; and at the end of that 
time, and much about the fame day, they di- 
vefted the habit they had, whilft they Irved as 
fifhes, and appeared with their exuvie or catt- 
coats under their feet, fhewing themfelves to be 
perfect gnats, that ftood without finking upon 
the furface of the water, and difcovered them- 
felves to be alive by their motion, when they 
were excited to it: but I could not perceive 
them to fly in that thin medium3; to which in- 
ability whether the vifcofity of the water might 
contribute, I know not, though they lived a 
pretty while, till hunger or cold deftroyed them. 
Something in this experiment may deferve fe- 
rious reflections ; which | cannot {pare time to 
offer at. 


A digrefive experiment, concerning the expanfion 
of blood, and other animal juices. 


For fome purpofes, relating partly to refpi- 
ration, and partly to other enquiries, I thought 
fit to endeavour to obtain, what information 
could be procured, of the confiftence and dif 
pofition to expand itfelf of blood, and other 
animal liquors ; in purfuance of which the en- 
fuing trials, among others, were undertaken. 

_ Tue warm blood of a lamb or a fheép, be- 
ing taken as it was haftily brought from the 
butcher’s, where the fibres had been broken, 
to hinder the coagulation, was in a wide 


mouthed glafs put into a receiver, made ready - 


for it; and the pump being early fet on work,. 
the air was diligently drawn out; but the ope- 
ration was not always, efpecially at firft, fo 
early manifeft, as the {pirituoufnefs of the li- 
quor made fome expect: yet this hindered not, 
but, after a long expectation, the more fubtle 


_parts of the blood would begin to force their 


way through the more clammy ones, and feem 


_to boil in large clufters, fomie as big as great 


beans or nutmegs; and fometimes, to the won- 
der of the by-ftanding phyficians, ‘the blood 
was fo volatile, and the expanfion fo vehe- 
ment, that it boiled over the containing glafs ; 
of which, when it was put in, 1t did not, by 
our eftimate, fill above a quarter. Having al- 
fo included fome milk warm from the cow, ina 
Cylindrical veffel of about four or five inches 
high, though the operator were induced to 
pump a great while before any intumefcence 
appeared in the milk, yet. afterwards, when 
the external air was fully withdrawn, the white 

liquos 
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liquor bef&an to boil in a way, that was not fo 
eafy to defcribe, as pleafant to behold: and 
this it did fora pretty while with fo much tm- 
petuofity, that it threw up feveral parts of it- 
felf out of the wide mouthed glafs, that con- 
tained it (and could have contained as much 
more) though there were not above two or 
three ounces of the liquor: 

A yet greater difpofition to intumiefcence; 
we thought, we obferved in the gall, which was 
but fuitable to the vifcofity of the texture. 

Norz, that the two foregoing experinrents 
were made with an eye caft upon the enquiry, 
that I thought might be made; whether, and 
how far the deftructive operation of our engine 
upon the included animal, might be imputed 
to this, that upon the withdrawing of the air, 
befides the removal of what the air’s prefence 
contributes to life, the little bubbles generated 
upon the abfence of theair in the blood, juices, 
and foft parts of the body, may by their vaft 
number, and there confpiring, diftenfion, -va- 
rioufly ftrengthen in fome places, and ftretch 
in others, the vefiels, efpecially the {matter 
ones, that convey the blood and nourifhment ; 
and fo by choaking up tome paffages, and vi- 
tiating the figure of othets, difturb or hinder 
the due-circulation of the blood? not to men- 
tion the pains, that fuch diftenfions may caufe 
in fome nerves; and membranous parts, which 
by iritating fome of them into convulfions, may 
haften the death of animals, and deftroy them 
foorier; by octafion of that irritation, than they 
would be defttoyed by the bare abfenge or lofs 
of what the air is neceffary to fupply them 
with. And to flew, how this production of 
bubbles reaches; even to Very minute parts of 
the body, I fhall add on this occafion; hoping, 
that I have not prevented myfelf or any other, 
what may feem fomewhat ftrange, what J 
once obferved in a viper, furioufly tortured 
in our exhaufted receiver, namely, that it 
had manifeftly a confpicuous bubble moving 
to and fro in the waterifh humour of one 


of its eyes. 


Another digreffive experiment belonging to the 
fame title, 


To fhew, that not only the blood and jt. 
quors, but alfo the other foft parts, even m 
cold animals, have aerial particles latitant in 
them ; we took the livers and heart of an eel, 
as alfo the head and body of another fifh of the 
fame kind, cut afunder crofs ways fomewhat 
beneath the heart; and putting them into a re- 
ceiver, upon the withdrawing of the air we 
perceived, that the liver did manifeftly fwell 
cyery way, and that both the upper and lower 
parts did fo likewife, and at the place where 
the divifion had been made, there came out in 
each portion of the fifh divers bubbles, feveral 
of which feemed to come from the medulla 
Spinalis, or the cavity of the back-bone, or 
the adjoining parts; and the external air beng 
let in both the portions of the eel prefently 
fhruyk, fome of the {kins feeming to be grown 
empty or flaccid in each of them. 


EXPERIMENTS 


PPL Sx, 

Of the power of affuefattion to enable auimals te 
hald out in air, by varefattion made unpit for 
re[piration. 

4 HE power of affuefaction mm Other 

ma cafes, made me think it very Well 

‘© worth trying,what it would do in refpiration-, 


“« and the rather, becaufeI prefamed, it rmictit 


“< prove an experiment of good we, if we 
“¢ fhould difcover, that bya gradual accufte- 
*¢ mance an animal may be brought to live, 
«¢ either in a much thinner air, or much fon 
*¢ ger in the fame air, than at firft he could. 
*¢ But in reatid, that to make fuch a trial per- 
«¢ fpicuoufly enough, the opacity of the Blad- 
‘© der made ule of in the fortner tithe was Hike 
“< to be an impediment, I de¥ifed anotlier way 
“© to obviate that inconvenience, which may, # 
** hope, be competently underfteod, by the 
‘¢ heedful perafal of the following trials.” 


ExPERIMENT lI. 


We included in a round vial with a wide 
neck, (the whole glafS being capable of cor- 
taining about 8 ounces of water) a young and-fmall 
moufe, and then tied ftrongly upon the upper 
part of the glafs’s neck a fine thin bladder, out 
of which the air had been carefully expreffed, 
and then conveyed this phantaltical veel into 
a middle fized receiver, in which we alfo placed 
a mercurial gage (adjufted by our elfewhere 
mentioned ftandard:) this done, tlre air was 
by degrees pumped out, until it appeared by 
the gage, that there remamed but a fourth 
part in the external receiver (as for diftinétion 
fake I call it) whereupon the air in the internal 
receiver expanding itfelf, appeared to have 
blown the bladder almoft half full, and the 
moufe feemimg very ill at eafe by his leaping, 
and otherwife endeavouring to pafs out at the 
neck of his uneafy prifon ; we did, for fear the 
over thin air would difpatch him, let the air 
flow into the external receiver, whereby the 
bladder being compreffed, and the air in the 
vial reduced to its former denfity, the little 
animal quickly recovered. 


ExrPERIMENT LIL. 


A while after, without removing the blad- 
der, the experiment was repeated, and the 
air, by the help of the gage was reduced to 
its former degree of rarefaction, and the moufe, 
after fome fruitlefs endeavours to get out of the 
glafs, was kept in that thin air for full 4 mi- 
nutes; at the end of which he appeared fo 
fick, that, to prévent his dying inimedyately, 
we removed the external, and took out the 
internal receiver : whereupon, though he re- 
covered, yet it was not without much diff- 
culty, being unable to ftand any longer upon 
his feet, and for a great while after contmue 
manifeftly trembling. 


ExPERIMENT UII. 


Bur having fuffered him to reft a reafon- 
able fpace of time, prefming, that bape 
1 
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had accuftomed him to greater hardfhips; we 
conveyed him again into the external receiver, 
and having brought the air to the former de- 
gree of expanfion, we were able to keep him 
there for a full quarter of an hour; though the 
external receiver did not at all confiderably 
leak ; as appeared, both by the mercurial gage, 
and by the continuing diitenfion of the blad- 
der. And it is worth noting, that, till near 
the latter end of the quarter of an hour, not 
only the animal did {carce at allappear diftreffed, 
remaining ftill very quiet; but, which is more, 
whereas when he was put in, the trembling for- 
merly mentioned were yet upon him, and con- 
tinued fo for fome time; yet afterwards, in fpite 
of the expanfion of the air he was then in, they 
left him early enough. And when the inter- 
nal receiver was taken out, he did not only re- 
cover from his fainting fit fooner than before ; 
but efcaped thofe fubfequent tremblings we 
have mentioned. 


EXPERIMENT IV: 


EncouraGeED by this fuccefs, after we al- 
lowed him fome time to recollect his ftrength, 
we reconveyed him and the odd veffel, where- 
in he was included, into the former receiver, 
and pumped out the air, till the mercury in the 
gage was not only drawn down as low as for- 
merly ; but near half an inch lower, that there 
the air might be yet further expanded, than 
hitherto it had been. And though this did at 
firft feem to difcompofe our little beaft; yet 
after a-while he grew very quiet, and continued 
fo for a full quarter of an hour: when being 
defirous to try what operation a farther rare- 
faction of the air would have upon him, we 
caufed three exfuctions more to be made by 
the pump, before we difcovered him to be 
in manifeft danger (at which time the blad- 
der appeared much fuller than before) but 
' then we were obliged to let the air into the 
outward receiver; whereupon the moufe was 
more {fpeedily revived than one would have 
fufpected. 

Awnov thefe trials of the power of affuefaction 
feemed the more confiderable, becaufe the air, 
in which the moufe had all this while lived, 
had been clogged and infected with the excre- 
mentitious efluviums of his body; for it was 
the fame all along, we having purpofely for- 
born to take off the bladder, whofe regular in- 
tumefcencies and fhrinkings fufficiently mani- 
fefted, that the veffel, whereof it was a part, 
did not leak. 


POSTSCRIPT. 


“« THoucsH the fuccefs of the recited 
experiments is very promifing ; yet a 
© fubfequent trial or two, whofe particulari- 
“* ties are flipped out of my memory, oblige 
me in point of candour, to declare, that, 
for further fatisfaétion, the trials of the 
power of accuftomance, in reference to air 
unfit for refpiration, ought to be both reite- 
rated, and to be made in differing forts of 
s¢ animals.” 
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TITLE XV. 


Some experiments foewing, that air, become un- 
jit for refpiration, tay retain its wonted 


preffure. 


ExpPERIMENT I. 


Ww: took a moufe of an ordinary fize, 


having (not without fome difficulty) 
conveyed him into an oval glafs, fitted with a 
fomewhat long and confiderably broad neck, 
which we had provided, that it might be wide 
enough to admit a moufe in fpight of his 
ftrugsling. We conveyed in after him a mer- 
curial gage, in which we had diligently ob- 
ferved, and marked the ftation of the mercury, 
and which was fo faftened to a wire, reaching 
to the bottom of the oval glafs, that the gage, 
remaining in the neck, was not in dangcr to 
be broken by the motions of the moufe in the 
oval part : the upper part of the long neck cf 
the glafs was, notwithftanding the widenefs of 
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it, hermetically fealed by the help of a lamp | 


and a pair of bellows, that we might be fure, 
that the imprifoned animal fhould breath no 
other air, than that which filled the receiver at 
the time when it was nipped up. This done, 
the moufe was watched from time to time ; 
and though by reafon of the largenefs of 
the veffel, in comparifon of fo fimall an 
animal, he feemed to me rather drooping, 
than very near death at the end of the 
fecond hour; yet coming to look upon 
him about half an hour after, he was judged 
by the fpectators quite dead, notwithftanding 
our fhaking of the veffel to rouze him up. 
This made me caft my eyes upon the gace, 
wherein I could not perceive any fenfible change 
of the mercury’s ftation. But being unwilling 
to give over the moufe, without trying what 
frefh air would do to recover him, I caufed 
the fealed part of the glaf§ to be broken off, 
and, notwithftanding that his continuing to 
appear dead increafed the confidence of thofe 
that thought him fo, I obtained after a while 
fome faint tokens of life; though I am not 
fure, that they would have continued in a vef- 
fel, where the air was fo clogged and infected, 
if it had not been, that frefh air was frequent- 
ly blown in by a pair of bellows, whofe nofe 
was inferted into the neck of the glafs. This 
frefh air feemed evidently, though but flowly, 
to revive the gafping animal, whom I would 
not, nor could not, conveniently take out of 
the glafs, till he had gained ftrength enough 
to make ufe of its legs; after which, without 
breaking of the glafs (which I was loath to 
loofe, having then no other of the kind) we 
took him out, and found him quickly able to 
go up and down. After which fervice, and 
another trial we fiad with him, which belongs 
not to this place, we fet him at liberty to fhift 
for himéelf. 


EXPERIMENT IL 


SucCH an experiment as the former we 
made with like fuccefs upon a fmall bird, in- 
ee ee | cluded 
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cluded with a gage in a receiver, holding about 
a quart of water. The bird in about half an 
hour appeared to be fick and drooping, and 
the faintnefs and difficulty of breathing in- 
creafed for about two hours and a half after 
that, at which time the animal died, the gage 
being not fenfibly altered, unlefs perhaps the 
mercury appeared to be impelled-up a little 
thort higher than it was when put in; which 
yet might well enough proceed from fome ac- 
cidental caufe. 


EXPERIMENT III, 


To fatisfy fome curious perfons, that it 1s 
not want of coldnefs, but fomething elfe in the 
included air, that makes it deftroy the birds, 
that are pent up in it, and by the hot exhala- 
tions, that fteam from their bodies, may be 
fuppofed to overwarm it, we made the fol- 
Jowing experiment. 

In a glafs-vial, capacious enough to hold 
about three quarts of water, we not only in- 
cluded, but for greater accuracy, hermetically 
fealed up a fmall bird, and found, that in a 
few minutes he began to be fick and pant; 
which-fymptoms I fuffered to continue and in- 
creafe againft the mind of a learned by-ftander, 
(who thought the animal would not hold out 
fo long,) till they had lafted juft half an hour : 
at which time, having provided a vefiel of wa- 
ter with fal armoniack, newly put into it, to 
refrigerate it, (according to the way I elfe- 
where publifhed ;) and the liquor thus made 
exceeding cold, fomewhat to the wonder of 
thofe that felt it; the vial, with the fick bird, 
was immerfed in it, and kept there in that con- 
dition for fix minutes; and yet 1t did not ap- 
pear, in the judgment of the by-ftanders, that 
the great refrigeration, that muft be this way 
way procured to the imprifoned air, did fenfi- 
bly revive, or refrefh the drooping animal, 
who manifeftly continued to pant exceedingly 
as before, and, as fome affirmed, more; fo 
that this remedy proving ineffectual, the vial 
was removed out of the water, and the bird 
fometime after did, as I foretold, make many 
{trains to vomit (though fhe brought up little) 
followed by evacuations downward, before fhe 
quite expired, which fhe did within a minute 
or two of a juft hour, after the beginning of 
her imprifonment. 

Is I had been able (which I was not) to 
procure more birds, I would willingly have 
profecuted this experiment by: feveral other, 
not unhopeful, trials which for want of fub- 
jects I was fain to leave only defigned. 


TITLE XVI 


Of the ufe of the air, to elevate the freams of 
bodies. 


N the digreffion about refpiration, annexed 

to the 41ft of our Phyfico-mechanical Ex- 
periments formetly publifhed, it is propofed 
as one of the confiderable ufes of the air in- 
refpiration, that, being drawn into the lungs, 
it. feuves to earry off with it, when it is 
breathed out,again, the recrementitious fteams, 
that are feparated from the mafs of blood in its 


‘paffage through the lungs; from which fuligi. 


nous excrements if the blood were not conti- 
nually freed by the help of the air, after nature 
had been accuftomed to that way of difchare- 
ing them, their ftay in the body might have 
very great and deftructive operations on it. 
For the iluftration of this ufe of the air, I 
fhall now fubjoin the following experiment. 
We made by diftillation a blood-red liquor, 
which chiefly confifted of fuch faline and {piri- 
tuous particles, as may be obtained from the 
mafs of blood in human bodies: this liquor is 
of fuch a nature, that if a glaf vial, about 


_half filled with it, be kept well ftopped, the 


red liquor will reft as quietly as any ordinary 
one, without fending up any fmoke or vifible 
exhalation; but if the vial be unftopped fo, 
that the external air be permitted to come in, 
and touch the furface of the liquor, within 2 
quarter of a minute or Jefs, there will, upon 
this contact, be elevated a copious white fmoke, 
which will not only fill the upper part of the 
glafs, but plentifully pafs out into the open 
air, till the vial be again ftepped. 

My purpofe in this tract to forbear fidings 
in controverfies keeps me from taking notive 
of the f{peculations fuggefted by fome of the 
phzenomena of this liquor ; which yet [though 
I might lawfully mention, a$far as 1 have done 
it, becaufe it but adventures upon giving one 
of the ufes rather of the air, than i mmediately 
of refpiration it felf; and is brought but to if 
luftrate what Ihave not found denied by any, 
though confidered by very few; namely, the 
office of the air to carry off in expiration the 
fuliginous fteams of the lungs. For in our 
experiment we manifeftly fee, that the very 
contact of the air may give the corpufcles of 
moift bodies a peculiar volatility, or facility to 
emerge in the form of fteams. I know, there 
are fome corrofive {pirits, as in nitre and fal, 
fimple, or compounded of them, that, whea 
they are very ftrong, emit for a while manifeit 
fumes ; but the difference of thofe liquors, and. 
their inferiority to our red fpirit, in the capa- 
city of {moking liquots, might eafily enougt 
be manifefted, if it were judged proper in this 
place, where it may fuffice, to take notice of 
thefe two things.. The one is, that when the 
vial has lain ftopped and quiet a competent 
time, the upper half of it will appear deftitute 
of fumes, of which the air, it feems, will im- 
bibe, and conftantly retain but a certain mode- 
rate quantity; which may give fome light to- 
wards the reafon, why the fame air, which will 
be quite clogged with fteams, will not Jong 
ferve for refpiration, which requires frequent 
fupplies of frefh air. The other is, that if the 
unftopped vial were placed in our vacuum, it 
would not emit any vifible fteams at all, nor 
fo much as to appear in the upper part of the 
olafs itfelf that held the liquor; whereas, when 
the air was by degrees reftored at the ftopoock, 
without moving the receiver itfelf, to avoid 
injuring its clofenefs, the returning air would 
prefently raife the fumes, firft into the vacant 
part of the vial, whence they would afcend in- 
to the capacity of the recetver; and likewife, 
when the air, that was requifite to fupport them, 
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was pumped out, they alfo accompanied it, as 
their unpleafant {mell evinced, and the red {fpi- 
rit, though it remained unftopped, emitted no 
more fumes till the new air was let in. 

ON E may compare with this liquor another 
fmoking one, mentioned in the 29th of the 
firft publifhed pneumatical experiments, where 
an experiment is related of it; that has fome- 
thing in common with this, and may fo far 
ferve to confirm what is now delivered, as this 
alfo has fome things additional to that: be- 
fides that, that liquor being made with ingre- 
dients corrofive, and of a bad name among 
chemifts themfelves, the fumes, that proceed 
from it, may fright many from daring to med- 
dle with it whereas; this our, red fpirit has 
been found potently medicinal for fome diftem- 
pers of the lungs, by a doctor of phyfick, 
whom I defired to try it: The other phano- 
mena of this liquor I fhall not ftay to defcribe, 
as not belonging to this place; and the liquor 
itfelf, with very little variation, I have in the 
Hiftory of Colours communicated. 


TITLE XVI. 


Of the long continuance of a flow-worm and a 
leach alive, in the vacuum made by our 
engine. 

N the often cited digreffion about refpira- 
| tion, there is mention made of the great vi- 
vacioufnels of houfe-fnails, as they call them, 
and how little operation the withdrawing of 
the air had upon them in comparifon of what 
it is wont to have on other animals. I fhall 
now add by way of confirmation, that I made 
trial upon ordinary white {nails, without fhells, 
whereof two of differing fizes (the biggeft a- 
bout an inch anda half, and the other about 
an inch in Jength) were included in a {mall por- 
table receiver, which being carefully exhaufted, 
and fecured againft the return of the air, was 
attentively confidered by me, prefently after it 
was removed fromthe engine; whereby it was 
eafy to difcern, that both the {nails thruft out 
and retracted their horns (as they are common- 
ly called) at pleafure, though their bodies had 
in the fofter places pretty ftore of newly gene- 
rated bubbles fticking to them: but though 
they did not lofe their motion near fo foon, 
as other animals were in our vacuum wont to 
do; yet coming to look on them after fome 
hours, they appeared movelefs and very tumid, 
and at the end of twelve hours, the inward parts 
of their bodies feemed to be almoft vanifhed, 
and they feemed to be but a couple of {mall 
full-blown bladders; and on the letting in of 
the air they immediately fo fhrunk, as if the 
- bladders having been pricked, the receding air 
had left behind it nothing but fkins; nor did 
either of the {nails afterwards, though kept ma- 
ny hours, give any figns of life. 

Upon a fuppofition, that the cold and clam- 
my conftitution of fnails might be a main 
caufe of their being able to endure the abfence 
of the air fo well, I thought it worth trial, 
whether effs and leaches might not yet be more 

able to continue in our vacuum than a {nail; 
and accordingly fome experiments were made 


purfuant to that curiofity ; the moft fully re- 
giftered whereof are thefe, that follow. 


EXPERIMENT IL. 


We included in a receiver, whofe globular 
part was about ‘the bignefs of a large orange, 
one of that fort of animals, that they vulgarly 
call ‘effs: having withdrawn, but not follici- 


toufly, the air, and fecured the veffel againit. 


the unpermitted return of it, we kept him there 
about eight and forty hours; during all which 
time he continued alive, but appeared fome- 
what {welled in his belly; his under-chap mov- 
ing the very firft night, but not the day and 
night following. By opening the receiver at 
length under water, we perceived, that about 
half the air had been drawn out. . As foon as 
the water was impelled into the glafs, the ani- 
mal, that was before dull and torpid, feemed, 
by very nimble and extravagant motions to be 
ftrangely revived. | 


EXPERIMENT MII: 


_ We took a leach, that was of a moderate 
bignefs, or fomewhat fhort of it; and having 
included it together with fome water in a por- 
table receiver, that was gueffed to be capable 
of holding about 10 or 12 ounces of that li- 
quor; the air was pumped out after the ufual 
manner, and the receiver being removed to a 
lightfome place; we obferved, as we expected, 
that the leach keeping: himfelf under water; 
there emerged from divers parts of her body 
{tore of bubbles, fome of them in a difperfed 
way, but others in rows or files, if I may fo 
{peak, that feemed to come from determinate 
points. Though this production of bubbles lafted 
a pretty while, yet the leach did not feem 
to be very much difcompofed by her prefent 
condition. This done; we. difpofed of the 
receiver, which was well fecured from the 
ingrefs of the outward air, into a quiet place; 
where we daily vifited it once at leaft, or oft- 
ner, as there was occafion; and found the 
Jeach fomewhat faftened by her tail to that part 
of the glafs, that was under water, and fome- 
times wandering about that part, which was 


quite above water; and ftill, when we endea-. 


voured to excite her, fhe quickly manifefted 
herfelf to be alive: and indeed (which will be 
thought ftrange) appeared fo lively after the 
full expiration of five natural days, that expect- 
ing fomething might have happened to the 
receiver, and thereupon refolving to try how 
ftanch it had continued, I opened it under 
water, by which means the outward air im- 
pelled in fo much of that liquor, that I was 
fatishied, the receiver was immediately before 
as well exhaufted, as others are wont to be 
in our pneumatical experiments. 


TITLE. XVIILI 


Of what happened to fome creeping infects in 
our vacuum. 


ee a the great va- 
riety of reptiles, that nature does almoft 
every where produce ; yet the inconvenient 

time, 
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time and place,wherein the following trials were 
made, fupplied me with fo few, that about 
thofe animals I find among my adverfaria, no 
more than the enfuing notes. 


ExPERIMENT I. 


THERE were taken four middle fized Nov. 12, 
flefh-flies, which having their heads cut off, 28a 


: : ~— .. clock at 
were inclofed in a portable receiver, furnifhed pighe. 


ExPERIMENT J, 


WE took five or fix caterpillars of the fame 
fort; but I could not tell, to what ultimate 
{pecies the writers about infects referred them. 
Thefe being put into a feparable receiver of a 
moderate fize, had the air drawn away from 
them, and carefully kept from returning. But 
notwithftanding this deprivation of air, I found 
them about an hour after moving to and fro 
in the receryer; and even above two hours 
after that, I could, by fhaking the veffel, excite 
in them fome motions, that I did not fufpect to be 
convulfive : but looking upon them again fome 
time before I was to go to bed (which may be 
was about 1o hours after they were firft in- 
cluded)theyfeemed to be quite dead ; and though 
the air were forthwith reftored to them, they 
continued to appeared fo, until I went to bed ; 
yet, for reafons elfewhere expreffed, I thought 
fit to try, whether time might not at length 
recover them, and leaving them all night in 
the receiver, 1 found the next day, that three, 
if not four of them, were perfeétly alive. 


EXPERIMENT II, 


W e took from an hedge a branch, that 
had a large cobweb of caterpillars in it; and 
having divided it into two parts, we put them 
into like receivers, and in one of them fhut 
up the caterpillars together with the air, which 
from the other was exhaufted. The event 
was, that in that, which had the air, the little 
and difficultly vifible infects, after a fmall time, 
appeared to move up and down as before, and 
fo continued to do for a day or two; after 
which, other occafions made the experiment 
to be neglected ; whereas that glafs, whence 
the air had been drawn out, and continued 
kept out, fhewed after a very little while no 
motion, that we could perceive. But to try, 
whether caterpillars may continue fo far alive 
in our vacuum all the winter, as the next 
{pring or fummer, to proceed in the tran{mi- 
gration to a butterfly, is a trial, that we have 
but begun, and therefore muft not pretend to 
fay ary thing about its event. 


TITLE XIX. 


Of the phenomena fuggefted by winged infetts 
in our vacuum, 


W HEN our Phyfico-mechanical Experi- 

ments were difpatched to the prefs, the 
inconvenient feafon of the year, and the diff- 
culty of making the receivers, [ then employed, 
to keep out the air for any long time, hindered 
me from then publifhing above a trial or two 
of what will happen to winged infects in our 
vacuum. But afterwards being provided of 
more commodious veffels, I thought fit at fe- 
veral times, to repair that omiffion by various 
attempts, #vhereof the chief enfue, 


é 


with a pretty large pipe, and a bubble at the 
end. As foon as the receivers was exhaufted, 
thofe flies loft their motion, which was not 
brifk before; an hour or two after, I approach- 
ed them to the fire, which, reftored not their 
motion to them (but as to one of them, [I 
fufpect it had a languid motion for a while :) 
wherefore I let in the air upon them, after 
which, in a very fhort time (though not im- 
mediately) they began one after another to 
move their legs, and one or two of them to 
walk ; and having kept them all night in a 
warm place, when I fent one the next mornirg 
to try, if they would manifeft any motion, he 
told me, that for a while they did, though 
when I afterwards rofe myfelf, I could not per- 
ceive any motion in them. 


ExPERIMENT ILI. 


ABouT noon we clofed up divers ordinary sept, ax2 


flies, and a bee or wafp ; all which, when the 
air was fully withdrawn, lay as dead, fave 
that for a few minutes fome of them had con- 
vulfive motions in their legs. They continued 
in this ftate 48 hours, after which, the air was 
Jet in upon them, and that not producing any 
figns of life in them, they were laid in the me- 
ridian fun, but not any of them feemed in any 
degree to recover. 


EXPERIMENT JIL 


We put a great flefh-fly into a very {mall Dec, 11: 


portable receiver, where, at firft, it appeared 
to be very brifk and lively, but as foon as 
the air was drawn out, fell on his back, and 
feemed to have convulfive motions in her feet 
and probofcis ; from whence fhe prefently re- 
covered upon the letting in of the air, which 
being drawn out again, fhe lay as dead: buta 
while after, (within a quarter, or half an hour’) 
I perceived, that upon fhaking the receiver, 
fhe ftirred up and down, but faintly. This 
was done pretty late yefternight, fince whence 
I had not occafion to look on the glafs, till 
this night after fupper, when I found the fiy 
not (whilft I ftayed to endeavour it} to be re- 
covered either by warmth, or letting in the 
air, A while after this note was written, this 
fly recovered ; and being next morning fealed 
up again in that glafs, and kept 48 hours, 
— over the chimney, died for good 
and all. 


EXPERIMENT IV. 


We took a large grafs-hopper, whofe body, 
befides the horns and limbs, was about an inch 
in length, and of a great thicknefs in propor- 
tion to that length: this we conveyed into a 
portable receiver of an oval form, and capable 
of holding, by our guefs, about a pint of water 
and more ; and having afterwards pumped out 
the air, till by the gage it appeared to have 
been pretty well drawn out, we took care, no 
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air fhould re-enter to difturb the. experiment. 
The fuccefs whereof was this: firft, though, 
before the exhauftion of the air was begun, the 
grafs-hopper was ftirring, and lively; and con- 
tinued fo for a while after the beginning of the 
operation ; yet when the air began to be confi- 
derably rarified, he appeared to be very ill at 
eafe, and feemed to f{weat out of the abdomen 
many little drops of liquor, which being united, 
trickled down the glafs like a little ftream, which 
made at the bottom a fmall pool of clear liquor, 
amounting to mear a quarter of a fpoonful, and 
by that time the receiver was ready to be taken 
off, the grafs-hopper was fallen upon his back 
and lay as dead. Secondly, though having a 
litele after laid the glafs in a fouth window, on 
which the fun then fhone, I perceived fome 
flow motions in the thorax, as if he ftrained to 
fetch breath; yet I was not fure they were not 
convulfive motions; and whatever they were, 
they lafted but a while, dnd then the animal 
appeared to be quite dead; and to continue fo 
for three hours a the removal of the ie- 
ceiver. Thirdly; that time being expired, the 
elafs was opened; and the air let in upon him ; 
notwithftanding which theré appeared no fign 
at all of life; but imagining there might be 
fome time requifite to recover him out of fo 
deep a fwoon, I let the glafs reft_ in a conve- 
nient pofture, that the water, that came from 
him might not endanger him, for a quarter or 
half an hour; and though I then perceived no 
fins of life, yet being defirous to purfue the 
trial yet further, I caufed him to be carried in- 
to a fun-fhiny place, where the beams of a de- 
clining fun prefently began to make him ftir 
his limbs, and, in a fhort time brought him 
perfeétly to life again. 
ExPERIMENT V. 

We took one of thofe fhining beetles they 
call rofe-flies, and having included it in a very 
{mall round receiver, which we exhaufted; and 
though he that attended the engine, affirmed, 
it ftruggled much whilft the air was withdraw- 
ing, yet prefently after I could perceive but 
little motion, and part of that feemed almoft 
convulfive ; and afterward going abroad, and 
not returning to look on the glafs till about fix 
hours after, the fly feemed quite dead, and 
difcevered not any motion tipon that of the 
glafs, And within about an hour after, though 1 
let the air rufhin, yet no fign of life enfued,nei- 
ther immediately, nor for a pretty while after. 
So that fufpeCting the fly to be really dead, 
and yet not refolutely concluding it, though I 
would then wait no longer, yet three or four 
hours after (viz. about 10 of the clock at night) 
I returned to the receiver, and found the bee- 
tle lively enough. Whereupon I caufed the 
glafs to be again exhaufted, and fecured from 
the ingrefs of the air, during which time the 
animal feerned to be much difquieted by what 
was done to it, but did not lofe its motion be- 
fore I went to bed, which was foon after. 


ExPpeERIMEN? VI. 


AsourT butterflies, I remember, } made feve- 
tal trials, moft of which chanced to be loft; 
Vot. III. 


but thus much I very well remember, tliat 
having obferved them not only to live, but to 
move longer than was expected, I chofe to 
include divers of them in receivers fomewhat 
large, efpecially, that I might fee, whether in 
fo thin a medium fome or other of them, by 
the help of their large wings, would be able to 
fly. But though, whilft the air continued in 
the glaffes, they flew actively, as well as freely, 
up and down; and though after the exhauftion 
of the air, they continued to live, and were not 
movelefs; nay, though at the bottom of the 
receiver they would even move their wings, and 
a little Autter, yet I could not perceive any of 
them to fly, by which I mean, perform any 
progreflive motion; fupported by the medium 
only. And by frequently inverting the receiver 
(which I took care fhould be pretty long, to ler 
them fall from one extream to the other,) they 
would fall like dead animals without difplaying 
their wings, though juft_ as they came to touch 
the bottom, fome of them would fometimes 
feem to make fome ufe of them; but not 
enough to fuftain themfelves, or to keep their 
falls from being rude enough. 


TITLE xx. 


Of the neceffity of air to the motion of fuch fmall 
creatures, as ants, and even mites themfelves. 


‘“¢ In the experiments hitherto mentioned, 

‘¢ the animals, on which the trials have been 
‘¢ made, were divers of them of a moderate 
“¢ bulk; and others of them, though fmall, yet 
“< not of the leaft fizes, that nature afforded us: 
‘¢ Wherefore I thought fit to annex the follow- 
‘© ing experiments, wherein I defigned to 
‘¢ examine, whether even thofe minute forts of 
“« animals, whofe bulk is thought thé moft 
‘<< contemptible, have not, as well as the greater, 
“< need of the air, if not to make them live, yet 
“¢ at leaft to enable them to move.” 
_ A pretty number of ants were included in a 
finall portable receiver exhaufted yefterday a- 
bout noon: between fix and feven in the after- 
noon, they feemed to be all quite dead, and 
the rather, becaufe, though they were very 
lively juft before they were fealed up, running 
brifkly up and down the bubble they were in ; 
yet they grew almoft movelefs as foon as the 
air was exhaufted; and a little while after ap- 
peared more fo: though I then fufpected more 
than I fince did, that they were much inconve- 
nienced by fome fmall glutinous fubftance, that 
feemed to have got into the {mall receiver from 
the vapours of the cement. When I looked 
on them at the time lately mentioned; I opened 
the glafs; whereupon the air tufhed in ; but no 
fign of life appeared for a great while.in any of 
theants: but looking upon them this morning 
about 9 a clock, I found many of them alive, 
and moving to and fro. : 

“« Ir is faid by naturalifts upon the authority 
° of 4riftotle; that the animal, the Greeks call 
<¢ gvapi, is the minutedt of living creatures. But 
“¢ thofe of this fort being very hard, if at all, 
“¢ tobe met with here, I theught fit to make 
“© fome experiments upon the leaft of the ter- 
 reftrial animals I could procure, and try, whe- 
; M m “ ther 
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‘ ther or no mites themfelves, which are re- 
«© puted but living points, and not to be taken 
“< notice of by the naked eye to be living, but 
“¢ by motions, which even an attentive one 
“© can fcarce difcover, ftand in need of the air ; 
“¢ efpecially, becaufe, in cafe they do, it may 
“© fuogeft to us fome odd reflections upon the 
<< {trange fubtilty and minutencfs of the aerial 
<< particles, which muft be capable of flowing 
<< in, and paffing out, at the invifible, and al- 
« moft in-imaginable {mall pores, and other 
“< cavities of the parts of an animal, whole 
‘< entire body is reputed but a phyfical point.” 

We conveyed then a pretty number of 
mites, together with the mouldy cheefe they 
were bred in to nourifh them, into three or 
four portable receivers (which were all of them 
very {mall,) not much differing in fize, From 
all of thefe, fave one, we withdrew the air; 
and then, making ufe of our peculiar contri- 
vance to hinder its return, we took them one 
after another from the engine, and laid them 
by, for further obfervation. That one, which 
I took notice that we had referved, and, in 
which, to obferve the difference, we thought 
fit to leave the air, was fealed at a lamp-fur- 
nace, after the ufual manner of nipping up 
glaffes there. This done, there remained no- 
thing but to obferve the event of our trials, 
which afforded us the enfuing phenomena. 

1. THOSE mites, that were inclofed in the 
{mall elafs, that never came near the engine, 
continued alive, and able to walk up and down 
for a full week, after they had been put in; and 
poffibly would have continued much longer, if 
the glafs had not been accidentally broken. 

2. As foon as ever one of the receivers was 
removed from the engine, I looked with great 
attention upon it; and though juft before the 
withdrawing the air, the mites were feen to 
move up and down in it; yet, within a few 
minutes after, the receiver was applied to the 
engine, I could difcern in them no life at all, 
nor was any perceived by fome younger eyes 
than mine, whereunto I expofed them. Nay, 
by the help of a double convex-glafs (that was 
fo fet in a frame, as to ferve me as a microfcope 
on fuch occafions) I was not able to fee any of 
them ftir up and down. Nor was any motion 
taken notice of in the other fmall receiver of 
like bignefs and fhape with mine, by them that 
had exhaufted it of air. And my occafions 
not permitting me to attend the obfervation 
any longer in the place where it was made, I 
took the receiver, I had fo attentively confi- 
dered myfelf, along with me in the coach; and 
having occafion to make fome ftay about an 
hour after, I looked upon it attentively again, 
but could not perceive any of the mites to ftir; 
and the lke unfuccefsful obfervation I made, 
when I had a conveniency two or three hours 
after that. And the place I did it in, being 
‘one, where I thought myfelf, as it were at 
home, I firft let in the air, to try if the mites 
were not quite dead; and though neither upon 
its rufhing in, nor during my ftay there, I could 
perceive any of them to ftir; yet I left tlie re- 
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ceiver unftopped, as it was in the window, up- 
on a fufpicion, ‘that the air might not be able 
to produce its operation upon them in a fhort 
time. 

3, Anp therefore paffing by the fame place 
about two or three days after, I called in to look 
upon my receiver, and found a number of my 
little animals revived, as an attentive eye might 
eafily perceive by the motion of certain little 
white fpecks, when it was helped to obferve it 
by little marks, I made on the outfide of the 
olafs (which was purpofely chofen thin and 
clear) near this or that mite, with a diamond ; 
by the approach to, or recefs from, which marks, 
the progreffive motion became (perhaps within. 
a minute) plainly difcoverable ; efpecially, if 
we ufed the following expedient, (which I found 
the beft of thofe I tried,) namely, that when 
the eye perceived little white fpecks, that look-. 
ed like mites, the receiver fhould be fo turned 
and returned, that the bellies and feet of thofe 
little creatures were uppermoft; notwithftand-. 
ing which, they would not eafily drop down, 
but continue their motion; which {pecks being 
made upon the concave furface of the thin 
glafs itfelf (to which you may approach your 
eye as muchas you pleafe) are thereby rendered 
much more eafily vifible. But, this being only 
intimated upon the by, I proceed to take no- 
tice, that in the newly mentioned receiver, the 
mites did, by ftirring up and down, continue 
to appear alive for two or three days after, if 
not longer. I fhould not, I contefs,. have 
thought it ridiculous to fufpect, that the mites, 
which at firft loft their motion, did at laft really 
die; and that thofe, I after faw ftirring up and 
down, were others newly generated in the in- 
cluded mouldy cheefe: but I was not apt to 
think this fufpicion probable; not only becaufe 
of the extreme difficulty of making any living 
creature to be generated in Vacuo Boyliane, but 
becaufe it did not feem agreeable to what 1 
elfewhere noted, about the way and time of 
the propagation of mites, whofe eggs I have 
divers times obferved with pleafure, that at a 
feafon of the year, that was not favourable (for 
thefe things happened in a cold March, ) newly 
eenerated mites fhould in two or three days 
srow up to their juft bignefs, which feveral of 
thofe we obferved, feemed to have attained. 

4. But, becaufe it doth not by the third 
phenomena appear, whether or no, in cafe 
our mites had been kept in.a movelefs {tate for 
a much confiderabler time, than three or four 
hours, they would have been recoverable by 
the admiffion of the air; I fhall add, to fa- 
tisfy that doubt, that one of the portable re- 
ceivers above-mentioned, being exhaufted, and 
carefully fecured from the regrefs of the air, 
was kept from monday morning to thurfday 
morning : after all which time, our attentive 
eyes being unable to difcover any figns of life 
among the included mites, the atr was let in 
upon them, and after no Jong time, had fuch 
an operation upon them, that both I, and 
others, could plainly fee them creep up and 
down in the glaffes again, 
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The Second Tome, containing the latter Section of the Second Part. 


The PUBLISHER to the READER. 


) HEREAS the preface of the noble 
author to this fecond tome of the 
ufefulnefs of experimental philo- 


fophy, was written with defign it 

fhould come forth a year or two before the laft, 

it is fit, that fomething be now added about 
the prefent publication. 

First, if inquiry be made, why the efflays, 

that now come abroad, are not accompanied 

with thofe others, that according to the forts 


of the titles, fhould precede fome of them ; he 


reprefents, that it was not thought fit, that 
thofe, that are now publifhed, having no ne- 
ceflary dependance on the reft, and being fuf- 
ficiently intelligible without them, fhould ftay 
for difcourfes, that are not at prefent ready, 
and perhaps will not fuddenly be fo; partly, in 
regard they confift of no fmall number of 
loofe papers, which by reafon of fome, yet 
infuperable, obftacles (of which want of health 
is none of the leaft) he cannot conveniently 
feek out, range, and compleat; and partly, 
becaufe he cannot, in the place where he 1s 
now detained, be mafter of divers uncommon 
minerals, and fome chymical productions, 
whofe defcriptions through hafte he omitted, 
becaufe he had them at hand in the place, 
where thofe effays were written, and prefumed, 
he could at leifure fill up thofe vacancies he 
left for fuch defcriptions. 

SECONDLY, as to the effays themfelves, 
which, for the reafons juft now mentioned, 
come not abroad with the reft, though the 
excellent author hath of late years conftantly 
refufed to promife any thing to the publick, 
yet, that the reader may the better’ judge of 
the fcope and defign of the whole treatife, he 
will not deny him an intimation of what fub- 
jects thofe effays relate unto, by telling him, 
that one of them treateth of the ufefulnefs of 
chymiftry (not to phyfick, but) to the empire 
of man over the inferior works of nature: 
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another, of the advantages, that a naturalift’s 
country may derive from his curiofity: ano- 
ther, of the mutual affiftance, that the fpecu- 
lative and practical part of phyfiology may 
afford each other: after which comes a dif- 
courfe, containing inducements to hope for 
much greater things from experimental! philo- 
fophy, than men have hitherto obtained. = 
LasTLy, as to what the author taketh 
notice of, about the coincidents of fome experi- 
ments, that may be mentioned as well b 
others as by him; it 1s very poffible, that the 
fame things may, by the fame, or other ways, 
come to the knowledge of different perfons, 
Befides, that J have heard him mention with 
fome complaint, that, when divers years fince, 
he writ feveral difcourfes (whereof fome be- 
longed to the ufefulnefs of experimental philo- 
fophy,) for the ufe of a private friend, not fox 
the prefs, he was not fo fhy, as had been re- 
quifite, of fhewing divers experiments, and of 
imparting others in difcourfe, to inquifitive 
men, whether Englifh or Foreigners, that 
came to vifit him; divers of which things he 
afterwards found in print, fometimes indeed 
with, but for the moft part without, mention 
of hisname. So, that fometimes his unwillino- 
nefs to difoblige fuch writers, and to contend 
about fuch matters, made him either wholly 
omit fome of the particulars he afterwards in- 
tended to publifh, or even to crofs out feveral 
paffages, that he had already written, where 
he would, without much inconvenience (for, 
that did not always happen) either quite leave 
them out, or fubftitute others (though lefs 
proper) in their ftead. He added alfo, that 
jometimes obferving his notions and experi- 
ments to be afcribed to other writers, and 
fomewhat wondring at it, he found indeed 
fuch writers to have mentioned fuch things, 
but in editions, that came abroad after the 
publication of our author’s writings; from 
whence 
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whence fuch things might, with the greater 
likelihood be prefumed to have been _bor- 
rowed, both becaufe fome of the writers had 
converfed with him, and he could not find 
thern in the Arf€ edition of fuch books. But 
thefe unfair proeeedings being the faults but 
of a few, he faid, he was far from imputing 
them to the generality of thofe, that have 


The 


PRE 


HAVE, in the preface, and body of the 
former, and already publifhed part of this 
treatife, taken notice of fo many of the 
things, that concern the whole work in 


general, that I prefume it will not here be . 


neceflary to detain the reader with any other 
particulars, than thofe, that will be offered by 
way of anfwers to fome queftions, that are like 
to be afked about the publication of this pre- 
fent tome. 

AND in the firft place, if 1t be demanded, 
why this latter part did not more clofely follow 
the former, I have this to anfwer; that the 
papers it confifted of, chanced to be fo unfor- 
tunately difpofed of, during the late publick 
confufions, that for a great while I was not the 
rafter of them, and in the mean while was, 
fometimes upon one occafion, and fometimes 
upon another, engaged to venture abroad the 
Hiftory of Colours, the Hiftory of Cold (with 
the preliminary and additional tracts) Hydro- 
ftatical Paradoxes, and the Origin of Forms 
and Qualities; the publication of which trea- 
tifes, befides that of fome anonymous papers, 
as it took up much of the time I had to {pare 
for the prefs; fo it may, I fuppofe, keep it 
from being thought ftrange, that I did not 
trouble myfelf and others with this book alfo. 
And indeed, this having been (as the fcope 
and divers paffages of it fufficiently intimate) 
one of the firft I wrote to the gentleman I call 
Pyropbilus, I had occafion, whilft it was out of 
the way, to make ufe of fo many of the ex- 
periments and obfervations, that belonged to 
it, that fearing I had thereby too much robbed, 
and disfigured it, to leave it any way fit for 
publick view, I had the greater temptation to 
neglect the looking after it. 

Bu if it be further demanded, why then, 
fince it was not ready to come out more early, 
I did not condemn it not to come out at all? 
I have two things to return by way of anfwer. 

Tue frft is, that fome eminent virtuofi, to 
whom I owe a peculiar refpect, were pleafed to 
challenge the edition of this tome, as if I had 
made myfelfa debtor to the publick for the 
fecond part of this work, by having fuffered what 
I wrote to a private friend to be divulged in the 
firft, Efpecially fince the publick had given 
that fo very favourable an entertainment ; as, 
befides other things, the early reprinting of it 
manifefted. 

Tue other part of my anfwer, and that, 
which made the former confideration prevalent, 
is, that I was overcome, either by the reafons, 
or by the authority, of thofe ingenious perfons, 
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mentioned, (which divers of thofe have very 
civilly done,) his experiments, or writings in 
theirs. | 

THE particulars being thus taken notice 
of, the curious reader ought not to be any 
longer detained from converfing with the 
author himfelf in this inftructive  treatife. 
Farewel. 
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that were pleafed to think, that this work 
would not prove unferviceable to mankind, 
to whofe good, both as a man, and Chriftian, 
I have been long ambitious to contribute, as well 
upon the account of the great author and divine 
redeemer of men, as of that common nature, 
whereof all men partake. What the utilities 
of this work were conceived to be, the reader 
will find difclofed at the end of this preface. 
To which I will therefore refer him for an ac- 
count of them; and now only take notice, that 
as to one of the fcruples I had againft the pub- 
lication, namely, that I had plundered this 
prefent treatife of divers particulars, where- 
with I had accommodated fome of my other 
writing; I could not well reje& this anfwer 
that in fo many years as had paffed fince the 
writings of this book, I had not been {& neg- 
ligent a commercer with the works of nature 
and art, as not to be able to make fome amendg 
for what I had taken away, and eafily fubfti- 
tute other experiments and obfervations, ta 
fupply the vacancies, left by thofe I had tran& 
ferred to other difcourfes. 

AND as to another of my {cruples, about 
venturing abroad this tome, namely, that it 
muft come forth fo late, if it thould come 
forth at all, it was anfwered, that it could 
{carce come forth more feafonably to recom- 


mend the whole defign of the Royal Society, 


whofe generous aims being to promote the 
knowledge of nature, and make it ufeful to 
human life. This treatife may procure them 
fome number of affiftants, in a work, whofe 
vattnefs and difficulty will need very many, if 
men’s curiofity and induftry can by this trea- 
tife (or any to the like purpofe) be well ex- 
cited by a conviction of the real and wide dif- 
parity betwixt true natural philofophy, and 
that of the peripatetick fchools ; and that in 
cultivating the former, they will not meet 
with a field, that will afford them nothing, 
but (the wonted production of the latter) the 
thorns and thiftles of acute indeed, but ufelefs, 
and oftentimes troublefome, fubtilties ; but, 
that they may expect a foil, that may by a 
due culture be brought to afford them both 
curlous flowers to gratify curiofity, and delight 
their fenfes, and excellent fruits, and other 
fubftantial productions, to anfwer the neceffities, 
and furnifh the accommodations of human life. 
Anpv I will not deny, that I have had the 
fortune to be looked upon, as net the unfitteft 
perfon in the world to offer fomething in this 
kind; for thofe, that are meer fcholars, though 
never fo learned and critical, are not wont to 
be 


The 
be acquainted enough with nature and trades, 
to be able to fuggeft thofe inftances, that are 
the moft proper to manifeft that, which men 
are to be convinced of. The meer chymitts, 
befides that their curiofity is wont to be too 
much confined to let them be fitteft for fuch a 
work, have the ill fortune to be diftrufted by 
the generality of men, not credulous, which is 
a great unhappinefs in this cafe, becaufe, that 
though their experiments were never fo true 
(as divers of them are) yet fkill in their art 
being requifite to make them, men’s diffidence 
of the propofers, joined with the difficulty of 
examining the things, will not allow them, 
either to believe what is propofed, or to try it. 
And as for the new philofophers (as they call 
them) though, if they were to write but for 
| philofophical readers, I know feveral of them, 
that would queftionlefs do it rarely well; yet 
the generality of thofe readers, to whom we 
would give good impreffions of the ftudy of 
nature, being fuch as will probably be more 
wrought upon by the variety of examples, and 
eafy experiments, than by the deepeft notions, 
and the neateft hypothefes;, fuch a treatife for 
the kind, as that which follows, containing 
many practices of artifices and other particulars, 
that are either of eafy trial, or immediate ule, 
may perhaps by that variety gratify, and per- 
fwade a greater number of differing forts of 
readers, than a far more learned and elaborate 
piece, that might be welcomer to more intel- 
ligent and philofophical perufers. 

Ir it be afked by fome, that know me, 
‘whence it comes, that the fecond part of the 
ufefulnefs of experimental philofophy being 
written (as very credible perfons, that faw it 
can witnefs) about the year 1658, there may 
-be met with in the following treatife fome 
experiments of my own, that they know were 
‘fince made; and fome (though few) citations 
out of books publifhed fince that time? If, I 
fay, this be afked, the anfwer is intimated a 
little above; for having transferred to other 
tracts many paffages, that belonged to thote I 
now publifh, I was obliged to repair the injury 
I had done them, by fupplying them with 
fuch particulars, as offered themfelves to my 
memory, when I haftily reviewed this tome, 
without fcrupuloufly minding the times, when 


the particulars inferted did firft occur, Andif . 


this advertifement be applied to fome other of 
my writings, that either the importunity of 
friends, or fome unwelcome accidents, en- 
gaged me to publifh out of their due time, 
and not in their intended order; it may keep 
men from thinking, that when I firlt wrote 
them, I had read over, or at leaft feen, (which 
indeed I neither did nor could) every book of 
a recenter date, of which upon occafion I 
mention a paflage or two, and thofe perhaps, 
as they are cited by other authors, we being 
here in England but flenderly, and very flowly, 
furnifhed with modern foreign books. 

Aut thefe inferted paffagesthe reader fhould 
find included in parenthelfis, as the printers call 
thefe marks (), by which he will yet be able to 
diftinguifh feveral of them, though I now find, 
that fome others, by the negligence of the 
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tranfcribers, or of the prefs, or of both; have 
been omitted; which advertifement I fear may 
have need to be extended to fome other printed 
tracts of mine, wherein parenthefis are to be 
met with. | 

Batine thefe few additional paffages, the 
enfuing book comes forth, without taking no- 
tice of what changes or difcoveries have hap- 
pened in the common-wealth of letters, fince 
the time it was written in. On which account, 
if fome few of thofe many particulars delivered 
there fhould chance to be co-incident with 
what fome other man hath written, J would 
neither on the one fide be thought a plaguary 
myfelf; nor on the other fide deny any man, 
to whom it may be due, the honour of the 
earlieft publication; though, to fhun needlefs 
controverfies, I am fomewhat fhy of naming 
this or that perfon, as the firft propofer or in- 
ventor of an experiment, which, efpecially if 
the perfons or things be not confiderable, is of- 
ten difficult enough to difcover: witnefs the 
contefts, that have been; and yet continue, a- 
bout the firft inventors of common weather- 
glaffes, the afcenfion of water in flender pipes, 
the glafs drops that fly in pieces, the meafuring 
of time by a pendulum, and, which is more 
ftrange, the art of printing itfelf. If it be afked, 
why I did not forbear to make ufe of fome 
practices of tradefmen, and other known, and 
perhaps feemingly trivial, experiments ; thefe 
things may be replied. 

I. THatT fince on divers occafions it was 
requifite, that my difcourfe fhould tend rather 
to convince, than barely to inform my reader, 
it was proper, that I fhould employ at leaft 
fome inftances; whofe truth was generally 
enough known, or eafy to be known, by mak- 
ing enquiry among artificers, even by fuch as 
out of lazinefs, or wantof fkill, or accommoda- 
tion, cannot conveniently make themfelves the 
trials. | | | | 

Il. But yet Ihave taken care, that thefe 
fhould not be the only, nor yet the moft nume- 
rous inftances, I make ufe of; it being in this 
tome, as well as in my other phyfiological 
writings, my main bufinefs, to take all juft oc- 
cafions, to contribute as much, as without in- 
difcretion I can, to the hiftory of nature and 
arts. . 

III. As to the practices and obfervations of 
tradefinen, the two confiderations already al- 
ledged may both of them be extended to the 
giving of an account of the mention I make of 


them. Of the truth of divers of the experi- 


ments I alledge of theirs, one may be eafily fa- 


tisfied, by inquiring of artificers about it; and 


the particular, or more circumftantial accounts 
I give of fome of their experiments, I was in- 
duced to fet down by my defire to contribute 
toward an experimental hiftory. For I have 
found by long and unwelcome experience, that 
very few tradefmen will, and can give a mana 
clear and full account of their own practices ; 
partly out,of envy, partly out of want of fill 
to deliver a relation inteligibly enough, and 
partly (to which I may add chiefly) becaufe 
they omit generally, to exprefs either at all, or 
at leaft, clearly {ome important circumftance, 
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which becaufe long ufe hath made very fami- 
liar to them, they prefume alfo to be known to 
others; and yet the omiffion of fuch circum- 
ftances doth often render the accounts they 
give of fuch practices, fo dark and fo defective, 
that, if their experiments be any thing intricate 
or difficult (for if they be fimple and eafy, they 
are not fo liable to produce miftakes) I feldom 
think my felf fure of their truth, and that I 
fufficiently comprehend them, till I have either 
tried them at home, or caufed the artificers to 
make them in my prefence. 

Tuey that have given themfelves the trou- 
ble of endeavouring to make the experiments 
of tradefmen, to be met with in the writings 
of Cardan, Weckar, and Baptifta Porta, for 
inftance ; and have thereby difcovered (what 1s 
not ufually obvious upon a tranfient reading) 
how lamely and darkly, not to add unintelligi- 
bly, feveral things are written, will probably 
afford me their alent, having found upon trial 
the inftructions of fuch learned and ingenious 
men to be often obfcure and infufficient for 
practice. 

But here I muft give the reader notice, 
that as mechanical arts -for the moft part ad- 
vance from time to time towards perfe@ion ; fo 
the practices of artificers may vary in differing 
times, as well as in differing places, as I have 
often had occafion to obferve. 
I would neither have him condemn other wri- 
ters or relators, for delivering accounts of the 
experiments of craft{men differing from thofe I 
have given; nor condemn me, for having con- 
aie my felf to fet down fuch praGices faith- 
fully, as I learned them from the beft artificers 


(efpeciaily thofe of London) I had opportunity ” 


‘to converfe with. | 

BuT here perhaps it will be demanded by 
way of objection, whether I do not injute 
tradefmen,by difcovering fo plainly-thofe things, 
which our laws call the myfteries of their arts. 
To a queftion, that may perhaps by fome be 
clamoroufly preffed, not only wpon me, but 
much more upon fome ingénious men of our 
nation, whofe pens have been more bold than 
‘mine in difclofing craftfmens fecrets, it will be 
tequifite to return feveral things by way of an- 
fwer; but that fuch readers, as are not troubled 
with the fcruple, may not be fo with the apolo- 
gy, they will find this printed in another cha- 
racter, fo that, if they pleafe, they may paés it 


ever unread. 


[First then, it may be reprefented, that] 
never divulge all the fecrets-and practices ne- 
ceflary to the exercife of any one trade, con- 
tenting myfelf to deliver here and there, upon 
occafion, fome few particular experiments, that 
make for my prefent purpofe: fo that, for 
much more than I allow my felf to do, I can 
plead the example, not only of other writers, 
that have publifhed books te teach the ‘whole 
myftery of this, or that trade, as the prieft 
Antonio Neri hath diligently dene in his Italian 
Arte Vetraria, and fome EsgkfK, as well as 
foreign, virtuofi have done on other fubjedts ; 
but alfo fome of the artificers themfelves, as 
the famous gold-{mith and jeweller Benvenuto 
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Cellini in his much efteemed Italian tracts of 
the Japidaries and gold{miths trades, Thus 
alfo the famous mineralift Georgius Agricola 
publifhed in Latin a whole volume of the more 
practical part of mineralogy, wherein he largely 
and particularly defcribes experiments, tools, 
and other things, that belong to the callings of 
mine men. To which I might add divers other 
treatifes, fome of them French, others Italian, 
(which, though I could not procure them, I 
have fegn among curious collections of books) 
that have been publifhed about feveral arts by 
the artificers themfelves. And itis notorious, 
that in Englifh, as well as in divers foreign 
languages, we have books of the arts of gun- 
nery, diftillation, painting, gardening, 8c. di- 
vulged by perfons, that profeffed thofe callings. 
SECONDLY, it is not the cuftom of trade 
men to buy books, efpecially fuck as are not in-~ 
tended for fach readers, and treat (for the 
moft part) of things, either beyond their reach, 
or wherein they feem not likely to be con- 
cerned; and as for gentlemen and fcholars, 
though fome of them may, to fatisfy their cu- 
riofity, make a few trials, yet their doing fo 
will fcarce in the leaft be prejudicial to tradef- 
men. Since, to omit other arguments, it will 
not be worth while for a virtuofi to be at the 
charge and trouble of buying tools, and pro- 
curing other neceffary accommodations to {ell 
a few preductions of his fkill, though he fliould 
not fcruple todefcend to fuch a practice. For if 
he make but a {mall number of experiments, 
their effects will coft him more than the like 
may be bought for of thofe,. that male them 
in great quantities, and whom their trade 
obligeth to be follicitous-to buy. their inftru- 
ments and materials at the beft hand, and {elk 
them to the beft profit. Befides that moft of 
the ‘works of artificers are chiefly recom- 
mended to the more curious fort of buyers by 
a certain politenefs, and other ornaments, com- 
prifed by many under the name of finifhing; 
which require either an inftruéted and dexte- 
rous hand, or at leaft fome little peculiar direc- 
tions, which I did not always chink my felf 
obliged to mention, in a treatife defigned to 
affift my friend to become:a philofopher, not a 
tradefman, and publifhed ta help the reader to 
cain knowledge not to get money. 
THIRDLY, to publifh an experiment ar 
two, or in fome cafes, 2 much greater num- 
ber belonging to a trade is. not fufficient to 
rob a tradefman of his profeffion. For befides 
that moft trades confift of feveral parts, and 
are each of them made up of divers practices, 
(that commonly are more than a few) thefe 
numerous mechanical arts, that are called han- 
dicrafts, require ‘(as their very name argueth) 
a manual dexterity, not to be learned from 
books, but to'’be obtained by imitation and 
ufe. And to thefé confiderations I fhall add 
this more important one, that mechanical pro- 
feffions are wont to-be, as it'were, made up of 
two parts, which, for diftinction fake; I take 
leave to call the art and the craft; by the 
former whereof I mean the fkill of making 
fuch or fuch things, which are the genuine 
productions of the art, (as when a taylor 
2 maketh 
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maketh a fuit, or a cloak,) and by the latter 
I mean the refult of thofe informations and ex- 
periments, by which the artificer learns to male 
the utmoft profit, that he can, of the producti- 
ons of his art. And this oeconomical prudence is 
a thing very diftinét from the art itfelf, and 
yet is often the moft beneficial thing to the 
artificer, informing him how to chufe his 
materials, and eftimate their goodnefs and 
worth ; in what places, and at what times, the 
beft and cheapeft are to be had; where, and 
when, and to what perfons the things may 
be moft profitably vended. In fhort, the 
craft is that, which teacheth him how both 
to buy his materials and tools, and to fell what 
he makes with them, to the moft advantage. 
* FourTHLy, it may often prove more ad- 
vantageous than prejudicial to tradefmen them- 
felves, that many of their practices fhould be 
known to experimental philofophers. This I 
fuppofe, that I have fufiiciently proved in 
fome, and efpecially in * one of the following 
effays. 

Yer I fhall now reprefent, that though 


fome little inconvenience may happen to fome’ 


tradefmen by the difclofing fome of their 
experiments to practical naturalifts; yet, that 
may be more than compenfated, partly, by 
what may be contributed to the perfecting 
of fuch experiments themfelves, and, partly by 
the diffufed knowledge and fagacity of philo- 
fophers, and by thofe new inventions, which 
may probably be expected from fuch perfons, 
efpecially if they be furnifhed with variety of 
hints from the practices already in ufe. For 
thefe inventions of ingenious heads do, when 
once grown into requeft, fet many mechanical 
hands a work, and fupply tradefmen with new 
means of getting a livelihood, or even enrich- 
ing themfelves: As to the difcipline fubordi- 
nated to the pure mathematicks, this is very 
evident; for thofe fpeculative fciences have 
(though not immediately) produced their trades, 
that make quadrants, fectors, aftrolabes, globes, 
maps, lutes, vials, organs; and other geome- 
trical, aftronomical, geographical, and mufi- 
cal inftruments ; and not to inftance thofe many 
trades, that jubfift by making fuch things as 
mechanicians, proceeding upon geometrical 
propofitions, have been the authors of; we 
know, that whether the excellent Galileo was, 
or was not, the firft finder out of telefcopes, 
yet he improved them fo much, and by his 
difcoveries in the heavens did fo recommend 
their ufefulnefs to the curious; that many arti- 
ficers in divers parts of Europe have thought 
fit to take up the trade of making profpective 
glaffes. And fince his death, feveral others 
have had profitable work laid out for them, by 
the newer directions of fome Englifh gentle- 
men, deeply fkilled in dioptricks, and happy 
at mechanical contrivances ; infomuch, that 
now we have feveral fhops, that furnifh not 
only our own virtuofi, but thofe of foreign 
countries, with excellent microfcopes and tele- 
{copes, of which latter fort I lately bought one 
(but I confefs the only one, that the maker of 
it, or any man, that I hear of, hath perfected 
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of that bignefs) which is of threefcore foot in 
length, and which the ingenious artift, that 
made it, Mr. Reeves, prized conflantly at no 
lefs than an hundred pounds Englifh money. I 
know not, whether or no I fhould add, that 
poffibly feme particular experiments of mine 
have not been hitherto unprofitable to feveral 
tradefmen, But this I may fafely affirm, that a 
great deal of money hath been gained by 
tradefmen, both in Lugland and elfewhere, 
upon the account of the fcarlet dye, invented © 
in our time by Cornelius Drebble, who was 
not bred a dyer, nor other tradefman. And, 
that we daily fee the fhops of clockmakers and 
watchmakers more and more furnifhed with 
thofe ufeful inftruments, pendulum clocks, as 
they are now called, which, but very few 
years ago, were brought into requeft by that 
moft ingenious gentleman, who difcovered the 
new planet about Saturn. ] 


I have handled the fubjeét of the foregoing 
arcuments much more particularly, than 1 
would have done, had not my pen been drawn 
on by a hope, that the things I have repre- 
fented; may furnifh apologies to many inqul- 
fitrve men, who may be thereby enboldened 
to carry philofophical materials from the fhops 
to the {chools, and divulge the experiments of 
artificers, both to the improvement of trades 
themfelves, and to the great inriching of the 
hiftory of arts and nature. 

Ir it be further demanded, whether J have 
furnifhed thefe eflays with the chiefeft things 
I could have afforded them, I mutt confefs, 
that I have not; for though I had, lying by 
me, feveral experiments and obfervations, lefs 
inconfiderable than many of thofe I have made 
ufe of, which would have been pertinent 
enough to the fubjects here treated of ; yet I 
purpofely forbore to imploy them in thefe 
tracts, becaufe I would not defraud thofe others, 


to which they were more proper, and fome of 


them necefflary. For I freely declare, that my 
defign in this prefent tome was not to furnifh 
it as well as I could; but to preferve, as in a 
repofitory, feveral {cattered experiments and 
remarks, which I could beft fpare from the 
other treatifes I had defigned, which might 
otherwife probably be loft: but yet I hall not 


-deny, that I did not carelefsly draw up fome 


of the following tracts; but, that I endea- 
Voured to write them in fuch methods, that 
they might contain feveral diffinét heads, and 
thofe as comprehenfive as I could eafily make 
them, that both the young and hopeful gentle- 
man, I call Pyropbilus, and 1 myfelf, might 
conveniently refer fuch other practices and ex- 
periments (efpecially thofe of tradefmen) as 
fhould hereafter occur to us, and appear to 
belong to‘thofe heads. And I did the leds 
defpair of his giving a kind reception to thefe 
difcourfes, becaufe I could expect fo little af- 
fiftance in my undertaking; having: never met 
with any book, great or fmall, written upon 
the fabject I was to treat of. , 
Ir hereupon it be objected, that by my 
own confeffion, divers of the particulars ad- 
mitted 


* The Effay here meant is that, which treats of the utility of the naturalifts infight into trades. 
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mitted into this book, are but flight, and fome 
of them already known ; I fhall reprefent, that 
as fome of the experiments fpoken of are 
but flight, fo there are others, that poffibly 
difcerning readers will not think to be alto- 
pether fuch; and that it was fit (for reafons 
already mentioned in this very preface) that I 
fiiould not forbear to employ, as proofs to con- 
vince others, things either known, or eafy to 
_ be made fo, efpecially, fince I commonly ufe 
them to fome purpofe, or other, whereto they 
have not been applied; and my defign in the 
publication of thefe trifles being chiefly to in- 
vite the generality of readers, though of diffe- 
rent inclinations, qualities, 8c. to addict them- 
felves to the ftudy of experimental philofophy. 
The variety and eafinefs I have aimed at in 
the experiments I have fet down, may, for 
ought I know, be more proper, than if I had 
confined myfelf to the mention of a few choice 
and elaborate experiments, which fome rea- 
ders would think impertinent to their ftudies, 
and others judge too difficult for them to put 
in practice. It appeared not unfit, that a book, 
whofe title was like to procure it very different 
forts of readers, fhould be for the moft part 
written in a popular way; divers perfons, efpe- 
cially thofe of a higher quality, by a trifle, that 
hath the luck to gratify their curiofity, may be 
more fuccefsfully invited to relifh and efteem 
experimental learning, than by a deep notion, 
or a weighty experiment. And there are others, 
that will eafier be brought to value and try ex- 
periments, by meeting with fome few, though 
but flight ones, that happened to fuit with their 
humour or calling, or to accommodate them on 
fome particular occafions, than they would by 
many others, much more luciferous, or other- 
wife important. And though it were to be 
wifhed, that men’s kindnefs to practical philo- 
fophy were grounded on the beft motives; yet 
this treatife will not altogether mifs the aim of 
its publication, if even upon the fore-men- 
tioned flighter accounts, it engages readers to 
make, as well as relifh, experiments ; for the 
pleafantnefs, variety, ufefulnefs, and other in- 
dearing qualities of fuch an imployment will 
probably invite moft of them to a further pro- 
grefs, whereby many ufeful phenomena and 
obfervations are like to accrue to what is al- 
ready known of the hiftory of nature and arts. 
And if this fhall come to pafs, it will keep 
him from complaining of labour loft, who in 
venturing upon fuch a work, as now comes 
forth, was knowingly to poftpone the appetite 
of fame to the defire of doing fome fervice to 
mankind ; to which end he takes one of the 
directeft ways to be the contributing fome- 
what to the advancement of experimental phi- 
lofophy. 

Ir remains, that I add fomething more, 
which poffibly may not a little befriend both 
theie laft mentioned anfwers, and feveral others 
contained in this preface; for, when all the 
former demands occurred to my thoughts, as 
likely to made, fome by one fort of readers, 
and fome by another, thofe virtuofi, that 
were follicitous for the publication of thefe pa- 
pers, were not backward to urge the utilities, 
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which they fancied would thence accrue to the 
publick. And I cannot very well deny, that, 
as meanly as I think of a treatife, to whofe 
tome I did not, till the fecond edition, (when 
I could conceal it no longer) let my name be 
prefixed ; yet fuch a work as this for kind, well 
performed, may be a very ufeful one. And 
even of this following book, fuch as it is, it 
was fuggefted, that the ufes would not prove 
defpicable, in regard, that befide thofe, that 
are common to it with the formerly publifhed 
tome, fuch as the improvement of the minds 
of men, and (efpecially) the affifting them to 
underftand the works of God, and thereby en- 
gape them to admire, praife and thank him 
for them: befides thefe (I fay) there may be 
other ufes of the following tome, which, to 
avoid increafing a prolixity, that I fear is al- 
ready too great, I fhall rather name than dif- 
courfe of, contenting myfelf briefly to intimate, 
that it was conceived, the peculiar ufes of this 
prefent tome might be fuch as thefe. 

J. Ir may afford materials for the hiftory of 
nature, which that 1t may the more plentifully 
do, Ihave purpofely, on feveral occafions, added 
a greater number of inftances, than were abfo- 
lutely neceffary, for the making out of what i 
intended to declare or prove. 

II. Ir may afford fome inftructions, advices, 
and hints to promote the practical or operative 
part of natural philofophy in divers particulars, 
wherein men have been either not able, or not 
follicitous to affift the curious. 

III. Ir may enable gentlemen and {cholars 
to converfe with tradefmen, and benefit them- 
{elves (and perhaps the tradefmen too) by that 
converfation; or, at leaft, it will qualify them 
to afk queftions of men, that converfe with 
things; and fometimes to exchange experi- 
ments with them. : 

IV. Ir may ferve to beget a confederacy, 

and an union between parts of learning, whofe 
poffeffors have hitherto kept their refpective 
fills ftrangers to one another; and by that 
means may bring great variety of obfervations 
and experiments of differing kinds into the no- 
‘tice of one man, or of the fame perfons ; which 
how advantageous it may prove towards the 
increafe of knowledge, our illuftrious Verulam 
has fomewhere taught us. 

V. Ir may contribute to the refcurng natu- 
ral philofophy from that unhappy imputation 
of barrennefs, which it has fo long Jain under, 
and which has been, and ftill is, fo prejudicial 
to it. And to effect this refcue, it will in fome 
meafure enable thofe, that defire it, to employ 
thofe practical arguments, that are proper to 
convince many, that are’ not to be convinced 
by any other fort of proofs. 

VI. Anp which is the main of all, it may 
ferve by pofitive confiderations, and dire¢tions, 
to roufe up the generality of thofe, that are any 
thing inquifitive, and_ both loudly excite, and 
fomewhat affift, the curiofity of mankind ; from 
which alone may be expected a greater progrefs 
in ufeful Jearning, and confequently greater ad- 
vantages to men, than in the prefent ftate of 


human affairs will be eafily imagined. 
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Of its USEFULNESS to the Empire of MAN over 


inferior Credtures. 


ESSAY L | 
Containing fome general confiderations about the 
means, whereby Experimental Philofophy may 
become ufeful to human life. 


ITHERTO, my dear Pyrophilus, I 
H have attempted to fatisfy you of the 

ufefulnefs of experimental natura] phi- 
lofophy to phyfick: it follows, that I proceed 
to endeavour to fhew you, that it may be alfo 
very ferviceable to hufbandry; in all its fubor- 
dinate parts, and to thofe other profeffions, that 
ferve to provide men with food and rayment, 
or do otherwife minifter to the neceffities or 
accommodations of life ; as the trades of brew- 
ing, baking, fifhing, fowling, building, and 
the reft not needful here to be enumerated. 
For though the human body, 1n refpect of the 
rational foul, (which is the inventrefs and feat 
of fciences) be one of the corporeal things, 
ever which the empire of knowledge is to be 
eftablifhed ; yet taking man as a creature made 
up of body and foul; the advancement of his 
empire feems to confift more properly in the 
inlargement of his power over the other crea- 
tures: phyfick feeming rather to defend him 
againft revolts and infurrections at home, than 
to increafe his power, and extend the limits of 
his empire abroad. 

But, Pyrophilus, I hope, you do not ex- 
pect, that 1 fhould now infift on each, or fo 
much as on any of the above-mentioned trades, 
by whofe intervention it is, that man exercifes 
his dominion over external bodies, For fuch a 
work would require little lefs than an age, and 
much more than a volume ; and befides (that: 
it is vaftly difproportionate, both to my flender 
ftock of mechanical fkill, and to the little lei- 
fure I have to conclude this fection in) I could 
not acquaint you with all that I could perti- 
nently enough deliver about thefe matters; 
without too much defrauding fome other trea- 
tifes, that I defign you: and therefore, I hope 
you will be content, if, in the remaining part 
of this traét, I do not only prefent you a not 
defpicable number of confiderations proper to 
manifeft that, and to intimate, how experimen- 
tal philofophy may ‘be of great ufe to the pro- 

Vor. Ill, ' L : 


moting of mechanical arts and trades, but il- 
luftrate and confirm all, or moft of thofe con- 
fiderations by particular inftances, derived from 
obfervations and experience. 

Tuts I fhall, God affifting, endeavour to 
do in the following effays. But before I de- 
{fcend to particulars, it will be expedient in 
this place to premife fome general confidera- 
tions relating to the influence’of experimental 
philofophy upon trades, and two or three 
advertifements, that concern the enfuing dif- 
courfes, 
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| eae then, to make it probably, that 
a true infight into natural philofophy 
may be capable of affording fome reformation, 
or other kind of improvement to trades, I 
fhall defire to confider, that being; for the ge- 
herality of them, converfant about fome few 
particular productions of nature, fuch men as 
are thoroughly fkilled in her general laws, and 
acquainted with a vaft number of her produc- 
tions, and verfed in the ways of applying na- 
ture and art jointly to feveral purpofes, ac- 
cording to the feveral exigencies of things ; 
fuch fagacious perfons (I fay) will, in all like- 
lihood, be able, fome way or other, to melio- 
rate the inventions of illiterate tradefmen. As 
the hufbandman’s fkill, for inftance, confifting 
chiefly in thé obfervations of the nature of a 
few plants and animals, their relation to fuch 
and fuch foils and kinds of culture, and the 
operations of ftars and meteors upon them, 
which are fubjects, that properly enough fall 
within the cognizance of the naturalift, it can- 
not feem improbable, that he, that has ferioufly 
and induftrioufly inquired into the nature of 
generation, nutrition, and accretion, both in 
plants and animals, and knows how to vary 
an ufeful experiment, when once found out, 
fo as to remedy the inconveniencies, dr fupply 
the deficiencies, or improve the advantagioul- 
nefs, or tranflate and apply the ufe of it, and, 
in fum, he that can knowingly and dex- 
teroully manage, what his own or other men’s 
obfervations have afforded him, will be able to 
cultivate the ordinary hufbandman’s fkill with 
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ax much improvement, as that confuled fall 
enables the hufbandman to cultivate his 


eround, 
“SECTION If. 

O éarry on''the foregoing confiderations 

a little farther, I will add, that it may 
as well conduce much to the manifefting, how 
much trades are fubordinate to natural philofo- 
phy,.as to the improvement of ‘trades them: 
jelves, that it be attentively confidered, what 
things each particular trade is, as it were, made 
up of. As for example, the chief things in 


the refiner’s trade are, to Know ‘the ‘ways of 


making, and the operations of aqua fortis upon 
filver, gold, and copper; to know how to 
purge that. meriftruum, that it may diffolve 
no gold, nor precipitate any of the filver it 
diffolves ; to know what proportion there 
oucht to be diffolved in it; to know with 
what quantity of water to weaken the folu- 
tion, and how long copper-plates need lie 
in it, to precipitate al] the filver out of it; to 
know how lead is to be colliquated with them, 
and what proportion of it is neceffary and fuf- 
ficient to carry off with it (when it is blown 
off unon the teft) the bafer metals; to know 
how to make cupples of feveral forts and fizes, 
and upon them to draw off the lead or anti- 
mony from the filver or gold, and difcern 
when the metal is fufficiently refined; to know 
what proportion of gold and filver is requifite 
for the making of water-gold as they call it, (be- 
caufe it is feparated from filver by aqua fortis, 
which diffolves this meta!, and leaves the other 
in a fine powder;) thefe things, to which many 
others are fubfervient, belong to the refiner’s 
trade, which, though underftood by few, feems 
to be a very narrow and fimple trade, in com- 
parifon of a hundred others, whofe operations 
are far more numerous and complicated. Now 
if all trades were judicioufly refolved (if I may 
fo fpeak) into the feveral parts they confut of, 
it would, I queftion not, manifeftly appear, 
that the moft, if not all of them, are in many 
particulars but corollaries duduced from fome 
particular phyfical obfervations, or but applica- 
tions of chem to the ufes of human life. 

Anp if this be fo, you will not, I prefume 
think it unlikely, that by a farther difco- 
very of the nature of thofe particular bodies 
wherewith the trade is converfant, and a folid 
knowledge of thofe laws of nature, and thofe 
Operations of bodies upon one another, 
which it employs;.fome, if not moft, of 
thofe parts, whereof the trade may be con- 
ceived to be. made up, may be reformed or 
bettered ; which is enough to make the philo- 
fopher an improver of the trade, which he 
may become upon fuch unobvious accounts, 
that perhaps it may not unreafonably be hoped, 
trat even the chymift’s charcoal may be made, 
by a gocd naturalitt, equivalent to an excel- 
lent compoft for land. For if it be true, as 
well as it is probable, not only that the food 


of theie animals (as oxen, fheep, &c.) which 


the hufbandman deals with, fprings out of the 
ground ; but that the plants, which afford 
them this food, are themfelvcs nourifhed by a 
certain vegetative falt they find in the ground ; 
and, that this jal: being by frequent femina- 
tions exhaufted, the jc: grows barren, until 
either by the air, or the fteams of the fubter- 
raneous parts, or the fpontancous maturation 
of the faline rudiments contained in the ground, 
or by adventitious manure, or by all.or divers 
of thefe together, it be re-invpreenated, with 
a new vital faltnefs: if thefe things be true, I 
fay, then thofe chymical experiments, that 
conduce to difedvef to us, what kind of fale 


that is, and to what other falts it is allied or 


oppofite, as it 1s to feveral acid ones, may 
probably afford very ufeful directions to the 
hufbandman, towards the meliorating of his 
land, both for corn, trees, grafs, and confe- 
quently cattle. And having had the curiofity * 
to diftil fome earths, fome dungs, and fome 
feeds, and obferve the’ falts abounding in the 
liquors yielding by them, (of which we have 
ellewhere occafion to fpeak) we found caufe to 
wifh, that experiments of that nature, in rela- 
tion to the improvement of hufbandry, mighr 
be induftrioufly profecuted by naturalifts. He 
that has obferved thofe many particulars in 
in hufbandry, which might invite that great 
naturalift Sir F, Bacon t (who yet mentions very 
few of them) to pronounce, that nitre is, as it 
were, the life of vegetables ; he that obferves 
how conducive that fertilizing dung of pigeons 
is, both to make earth fruitful to the hufband- 
man, and to impregnate it with nitrous falt for 
the falt-petre-man ; and he that knows, that 
moft fat earths, fo defended from the rain and 
fun, that the one may not draw up; nor the 
other wafh down the embryonated faltnefs of 
them, will after a time abound in nitrous falt, 
if they are not permitted to fpend any in pro- 
ducing of vegetables ; fuch a one, I fay, will 
perchance.be apt to think, that enquiries inte 
the nature of falt-petre may be of great con- 
cernment to hufbandry. And to give you, 
Pyrophilus, {ome inducements to expect, that 
chemiftry may be very ufeful in fuch kind of 
enquiries, I fhall here mention to you a couple 
of my experiments relating to nitre. 

THE firft is that, whereby I endeavoured 
to give an inquifitive perfon hopes, that mate- 
rials, which feemed unlikely, might, by due 
changes, and without much art, be turned 
into falt-petre. ‘The experiment was this. I 
caufed fome earth to be digged up juft under- 
neath the clay-floor of a pigeon-houfe ¢ fuch 
earths being believed to abound the moft with 
nitre, that needs only to have its particles 
brought together and united to compofe falt- 
petre : a pretty quantity of this earth being put 
into a retort, and diftilled with a good fre ex 
arena, aftorded me, though little or no oil, yet 
a pretty quantity of a reddifh liquor, which, 
inftead of being, as others would have ex- 
pected, of an acid nature like fpirit of nitre, 
was fit for my purpofe, by ftrongly partici- 


pating 
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pating of the nature of volatile falts; as ap- 
peared; not only in that Icould, without recti- 
fying it, turn fyrup of violets with it imme- 
diately green, and precipitate a folutién of fub- 
Jimate into a milky fubftance; but becaufe 
there came over, with the fpirit into the lower 
part of the receiver, a falt in a dry form, which 
not only was in tafte not unlike the other vo- 
Jatile falts, but was fo far from being of an acid 
nature, that with an acid menftruum it readily 
fell to hifs, and made an ebullition, So that 
it feems (which in an enquiry about nitre ts 
very confiderable,) that a falt, very repugnant 
to acids, may, by the operation of the earth 
and air,’ be fo altered, as afterwards.by a flight 
management to afford falt-petre, whofe fpirit 
is highly acid. But of this experiment I may 
hereafter make farther mention. 

Tue other, (which we elfewhere have oc- 
cafion more particularly to take notice of with 
reflections on it) is briefly this. We took pot- 
afhes,’ which you know contain but the falt of 
burnt vegetables; and on thofe, firft diffolved 
in a little fair water, we dropped aqua-fortis 
(whofe faline part confifts indeed of little elfe 
than the fpirits of nitre,) till all ebullition and 
hiffing betwixt it and the refolved pot-afhes 
were perfectly ceafed; and having filtrated 
this liquor, and fet it inan open veffel in a gen- 
tle heat to evaporate, it did within two or three 
days after, (and fometimes, for we made it 
more than once, even in a few hours) being 
removed to a cold place, afford us very pure 
cryftals of falt-petre, as both their fhape, and 
flafhing (on live coals) into a blue halituous 
flame, informed us. And fince I have had oc- 
cafion to mention the ufe of falt-petre in huf 
bandry, I fhall not forbear to add, that the 
knowledge, which the naturalift, as a difcern- 
ine chemift, may give the hufbandman of the 
natures and diftinctions of faline bodies, may be 
of no mean ufe to him, by affifting him to 
difcern and obferve the confiderableft diffe- 
rences of the various faltneffes to be found in 
foils, and what fort of faltnefs each particular 
feed or plant moft affects. For by this means, 
not only many grounds might be made ufeful, 
which are thought barren, only by reafon of 
our not knowing for what plants the faltnefs 
predominant in them may be proper ; but the 
fame ground may yield much frequenter crops 
than commonly it doth, when it is fucceffively 
fowed only with one fort of feed, by the due 
alteration of plants delighting in the feveral 
forts of falts to be met with in that ground ; 
which oftentimes, by being impoverifhed, or 
rather freed from one fort of falt, doth but the 
more plentifully feed thofe plants, that delight 
in aniother: which, in fome places.we have ob- 
ferved, that hufbandmen .feem to have taken 
notice of already, by fowing (in fields too re- 
mote from their dwellings to have compoft 
brought to them) turnips, to fit the ground 
for wheat, and ferve for a manure; though in 
this method fome other circumftances may pof- 
fibly concur with the nature of turnip-feed, to 
the preparation of the ground for wheat. And 
I'am prone to think, that there is fcarce any 
ground or foil, except perhaps mere fand, that 
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might not, even without much culture, be 
made fertile, or at leaft kept from being alto- 
gether barren, if we were on the one hand 


filled in thé ways of difcerning. the nature of 


the ground; and on the other hand acquainted’ 


with, and. provided of, all the variety of feeds 


and plants, that nature has, though notall in 
one country, afforded us. For there are di- 
vers foils, which here in Exglend, or in other 
regions, are, as ufelefs, Jeft quite uncultivated; 


which feeds or plants, that abound in other. 


countries, and would probably be made to 
crow in thefe, would make ferviceable to the 
hufbandman. Many fteep and abrupt portions 
of ground (fome of them very large) expofed 
to the fouthern fun are left altogether waite, 
not only in Eag/and, but in divers hot climates, 
where the planting of grapes for wine is not 
yet in ufe; though fuch pieces of Jand in 
France and Italy, and, as I have obferved, even 
in the Rhetian Alps, nourifh excellent vine- 
yards, 

I know an ancient and landed gentleman, 
who communicated to me upon his own know- 
ledge an experienced. way of making wheat 
grow and profper well on mere clay, where 
there was no grain at all did thrive; which 
though I have not hitherto had opportunity to 
try, yet upon the credit of a perfon fo fober 
and qualified, I fcruple not to mention it here; 
becaufe the art confifting mainly in the. imbi- 
bition of the feed for a determinate time ina 
certain expreffed oil, that is not dear; it-may 
make it probable, that without altering the 
whole foil by manures, a flight, but convenient 
change made in the feed it felf may ferve to 
make them fitfor one another. And (to add; 
that, upon the by) to fhew, that the particular 
difpofitions of fome forts of feeds may enable 
them to make the ground they are fowed in, 
much more productive, than it would otherwife 
be, I fhall relate to you, that being not long 
fince in the company of a learned and curious 
traveller, I faw, among fome rarities of a quite 
other nature, an ear or two of corn, not much 
unlike our common wheat; at. which being 
fomewhat furprized, I afked him, what pecu- 
liarity had procured that grain admiffion among 
fuch rarities? to which he replied, that in the 
warmer region, where he begeed it of a vir- 
tuofo, one of thofe grains would afford fo vatt 
a multitude, as he was almoft afhamed: to 
name, and J am more than-.almoft afraid to 
repeat: but before I went out of the houfe, an 
Englifh gentleman, that had a more than ufual 
curiofity for fuch kind of trials, affured me, 
that having obtained fome grains of that corn, 
and carefully fowed it in fome land of his own, 
not far from the place we were in, he had out 
of a fingle grain feveral hundreds ; though-not 
near fo many of them, as the other traveller, 
who yet was avery fober and judicious mans 
related to have been produced in a ‘better cli- 
mate and foi]. Of this ftrangely prolifick wheat; 
the gentleman readily granted mea promife of 
a fufficient quantity to make a trial; whereof, 
when I fhall have received it frorn a fervant of 
mine in the country, you may command the 
fuccefs. And this brought into my mind what 
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I read in the learned Jefuit * “eofta,; who af- 
firms, that in divers parts of America, where it 
is known, that our European wheat profpers 
not, the Indian (or, as many Enelifh have 
ftiled it, Virgintan) wheat, they call Adgiz, does 
fo wonderfully thrive, that although the ftalk 
bear often more than one clufter, and the grain 
be big; yet in fome clufters he has reckoned 
feven hundred grains: to which he adds, that 
it is not ftrange in thofe countries to gather 
three hundred faneques, or meafures, for one 
fown. | Which pafiages, efpeeially the former, 
{peak of an increafe, that feems fo little credible, 
that I fhould on that account forbear to men- 
tion it, were it not, that in Europe, and even 
in £ngland, I my felf have reckoned fuch a 
multitude of grains upon one of the very nu- 
merous ears produced by the fame fingle grain, 
that I found myfelf very inclinable to abfolve 
Acofta, and continue to look upon him as one 
of the beft writers of the natural hiftory of 
America. 

We now proceed to take notice, that in 
fome Eaftern countries, a fort of rice (a grain 
that makes the chief and moft ufual food of 
the natives over almoft all thofe parts) profpers 
very well upon land fo drenched with waters, 
that feeds-men, to {fcatter the rice, do rather 
wade than walk. But this itfelf (which, for 
the main, was confirmed to me by eye-wit- 
neffes) is lefs ftrange, and does lefs illuftrioufly 
confirm what I was propofing, than what the 
inquifitrve Jefuit Martinius affirms to be the 
practice of fome (as well great as {mall) coun- 
tries in China, where, in divers places; that are 
all the year under water, and would by our 
European hufbandmen be thought capable of 
no other ufe, than that of ponds or lakes, the 
Chinenfes caft a certain feed fo well appro- 
priated to the place, that is to receive it, that 
though it falls net immediately on the land 
but on the water, fo that one would think they 
were not about to fow a field, but bait a pond 
for fifhes, yet this feed, being adapted to the 
foil it meets with at the bottom of the water, 
does fo well profper and {hoot up to the top, 
that in its proper feafon the furface of the wa- 
ter looks as frefh and verdant, as a fruitful mea- 
dow, and yields as richacrop. But for fear 
of digreffing, I fhall, Pyropbilus, proceed to 
tell you, that perhaps alfo chemiftry, efpecially 
in conjunction with hydroftaticks, may prove 
ferviceable to the ingenious hufbandman, by 
affifting him to difcover the kinds and degrees 
of faltneffes, that are in feveral other bodies 
that he much deals with. I remember I have 
met with things furprizing enough, in exa- 
mining fome forts of earths by diftillation, and 
by feveral chemical inftruments of difcovery ; 
but though I have likewife had the curiofity to 
diftil dungs and grain, and fruits, and fome 
other fubjeéts, wherewith the hufbandman is 
converfant, to obferve what kinds of faline and 
other liquors, and in what proportion, and of 
what ftrength, they could afford me; yet not 
having any notes by me of the particular trials, 
I fhall content my felf to have given you this 
hint of a new fort of experiments in hufbandry ; 


and fhall only add, as to falts, that fince the 
fertilizing power of dungs feems to refide in 
the falino-fulphureous part of them, (and the 
like I have by chemical trials found in lime;) a 
practical infight into the differences and differ- 
ing operations of falts (about which I elfe- 
where entertain you) may probably very much 
affift the hufbandman to examine the feveral 
dungs; and other compofts (the knowledge of 
which is of great moment in his art) and to 
multiply, compound; and apply them {kil- 
fully. 

Awnp as chemiftry; that.is converfant about 
fire, fo even hydroftaticks and hydraulicks; 
that teach us to make engines and contrivances 
for the lifting up, and for the conveying of 
water, may in divers places be of no fmall ufe 
tothe hufbandman. For not to mention what 
is done in fome more known parts of the Eaft, 
of the like nature with what I am going to 
mention, Martinius informs us, that in one 
province of China (whofe name I remember 
not) they are fo curious to water their fields of 
rice, that they have upon the river excellent 
mills fo made, as that great quantities of water 
are continually raifed in buckets, or other con- 
venient veffels, faftened to vaft wheels driven 
by the ftream; which watering-mills (to add 
that notable inftance upon the by) are not, as 
our European mills are wont to be, fixed to one 
place, but built upon veffels, with which they 
may remove the mills, how great foever, from 
place to place, as occafion requires. Nor is 
this eaftern way of raifing water by wheels, fo 
as that it may.be conveyed by convenient chan- 
nels to places many foot higher than the river, 
or ather receptacle of the water, that is to be 
diftributed, the only way, whereby the hydrau- 
lift and mechanician may affift the hufband- 
man; fince he may confiderably do it by the 
art of libellation, or conducting of water upon 
the ground. For the improvement, that ma 
be made of land by water, in foils fit for thar 
way of culture, may be far more confiderable, 
than 1s yet wont to be taken notice of ; as in- 
deed this hufbandry itfelf is in many countries 
both elfewhere, and in England, as yet un- 
practifed. I have had fome lands of my own 
much bettered by being fkilfully overflowed ; fo 
that when I obferved the difference, the tenant, 
though fhy of acknowledging the utmoft ad- 
vantage, confeffed to me, that he thought it 
yielded him double the former income. And 
a gentleman of quality of my acquaintance, 
whofe improvements I went lately to view, 
fhewed me a {cope of ground, which at his 
firft coming to that wild place, four or five 
years ago, was boggifh, and which yet he had 
turned into a good dry foil, by only trenching 
it here and there with fhallow trenches of not 
a foot deep, and overflowing it, by the means 
of thofe trenches, and conveniently placed 
dams, as evenly as he could, five, fix, or feven 
times a year, betwixt the beginning of Oéto- 
ber, and about the middle of April, with the 
water of a neighbouring {pring, which was no 
way enriched by lJand-floods, arifing but ina 
very barren and uncultivated place, far from 

the 
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the neighbourhood of grounds ‘capable’ of en- 
riching it; and yet this fpring drained away, if 
I may fo fpeak, that ancient hydropical diftem- 
per of the land, and turned it, as I found by 
trial, into a good compact foil, on which ftore 
of mowers were (when [ faw it) employed in 
making of hay, which this meadow yeilded 
plentifully enough to be worth twenty times its 
former value. Nor is this the fingle confidera- 
ble inftance we have met with, of the improve- 
ment that may be made of divers kinds of 
Jand, only by fkilfully overflowing them with 
common waters. : | 
But, Pyrophilus, I may hereafter have fo 
many occafions to mention particulars relating 
to agriculture, that I fhould prefently difmifs 
them in this eflay, were it not, that I am; by 
my having named hufbandry to you, put in 
mind to employ it as an inftance to confirm 
this obfervation, that the more comprehenfive 
a trade is, the more likely it is, that it will be 
capable of being meliorated by natural philofo- 
hy. For fuch trades, as are of great extent, 
are obliged to deal with a confiderable number 
of nature’s productions, and to make ufe of 
divers of her operations ; and confequently mutt 
comprehend the more particulars, wherein the 
manufacture or profeffion may be reformed, 
and otherwife advantaged by a’ knowing and 
dexterous naturalift. Thus the hufbandman’s 
corn makes it fit for him to have a competent 
{kill in the whole art of tillage, the keeping of 
cattle great and fmall, the ordering of dairies, 
of wood, of flax and hemp, of hops, of the 
kitchen-garden, of an orchard, of bees, &c. 
befides that the particular productions of fome 
of thefe, as honey, cyder,; &c. require fome 
fill, and are capable of much improvement; 
fo that among fo great a variety of things, 
wherewith the hufbandman has to deal, it can 
{catce be otherwife, than that there will be fe- 
veral things, wherein the naturalift’s higher 
and more reaching knowledge and experience 
will be ferviceable to him. Ajid' whereas in 
the prefervation both of cattle from difeafes, 
and of the fruits of the earth from puttefaction, 
lieth one of the moft beneficial and difficult 
parts of the hufbandinan’s fkill, he may therein 
be much affifted by an expert naturalift ; who 
not only, by being able to accelerate putrefac- 
tion in divers bodies, may teach the hufband- 
man to furnifh himfelf with great variety of 
comipofts and manures, to relieve and enrich 
his ground with whatever peculiar fort of fale 
he obferves to be deficient; but alfo may teach 
him how to preferve many of his feeds, and 
flowers, and fruits, beyond their wonted du- 
ration: as I know fome perfons, to whom I 
recommended methods of this kind, that ufe 
to preferve quinces, for inftance, a great part 
of the year, by a ftrong liquor, or pickle, 
made of nothing bur water, and what (forthe 
moft part refufe ftuff) may be eafily obtained 
from the quinces themfelves. This way pre- 
fented us fruit at almoft the year’s end; and a 
while fince I could have fhewn you (and, for 
ought I know, can do fo yet) cherries well 
fhaped, and fucculent enough, of above a year 
old, preferved without falt or fugar, by being 
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kept in a {pirit 6f wine fitted for that ufé, and. 
fully impregnated, before their immerfion, with: 


the tincture of the fkins of other cherries of the 
fame kind. . The vaft benefit; that the Hol- 
landers derive from the beft way of falting or 


pickling of herrings, and the advantageous ufe,. 


that is made by others, of fo powdering beef, 


and ordering other flefh, that it will laft good: 
to the Judies, and is fometimes brought uncor-. 


rupted into thefe parts again, may perfuade us 
of the benefit, that may accrue to the hufband- 
man, by the difcovery of the, ways of keeping 
the productions of the earth from corruption ; 
efpecially if. his fkill be extended to weak 
wines, cyder, perry, and other: liquors, which 
are wont to be made in great quantities, and 
yet apt to decay at home, and unfit to be 
tranfported far abroad. And the ule of fugar 


to ftrengthen vinous liquors, and make them. 


durable ; and, without the help of falt or any 
fharp thing, to preferve great variety of fruits, 
and of the juices of herts, may encourage us 
to think, that there may be very differing ways 
(and fome of them feemingly oppofite) to make 
many things outlaft their natural periods of du- 
ration. 

But my trials and obfervations (whether 
about the conferving of fruits, flowers, and 
fiefh, or of other things of this fort) belong- 


ing more properly to another difcourfe (of the, 


prefervation of bodies) I fhall now mention 
no more of them, but pafs on totell you, that 
very much prejudice, which often happens to. 
the poor hufbandman (and fometimes even to 
his utter ruin) by thofe, either ftubborn, or con-. 
tagious difeafes, (fuch as the rot in fheep, and 
the glanders in horfes,) that make havock of 
his cattle, may in great meafure be prevented 
by the inftructions of a knowing naturalift, ef- 
pecially if he be an expert phyfician too. - For, 


as many difeafes, fo many cures are analogous 


in men and beafts ; and the remedies prove fre- 
quently more fuccefsful in thefe than in them, 
as well for divers other reafons, as becaufe the 
bodies of many brutes are more able to bear 
the operation of {trong remedies; and yet the 
unaccuftomednefs of almoft all of them to 
phyfick makes them more relievable, than. men 
by any (not improper) remedies. I will not 
now relate, that I have in fomecountries found 
medicines, that have been ufefully tried againit 
difeafes in men, cried up for their efficacy a, 
gain{t their analogous ones in horfes; nor with 
what difference in the dofe thefe may be purged 
by feveral of the fame catharticks, efpecially 
aloes, that are employed for the purgation of 
human bodies. I fhall rather inform you, that 
as in thefe fale is, you know, reputed a great 
refifter of corruption, and an enemy to worms, 
(with a fort of which the livers and neighbour- 
ing veffels of fheep have been obferved to be. 
infefted ;) fo by the bare ufe of Spanifh falt, 
which each fheep, being firft made .to bleed a 
little under the eye, was made to take down 
a {mall handful, two or three times, with fome 
days of interval, without being fuffered for 
fome hours to drink any thing after it: by this 
remedy, I fay, given at the time of the year 
when there is danger, that the fheep will begin 
: Pp to. 
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to be blotched, many flocks have for divers 


years been preferved by a rich intelligent gen- 


tleman of my acquaintance, that is a great 
fheep-mafter, and has thereby (and that alfo 
lately) prefetved his flocks in a moift country, 
when moft of his neighbours loft theirs. I 
might here mention to you, Pyropbilus, the 
virtues of crude antimony, to cure the foulnefs 
of blood, and even the leprofy in fwine; of 
quick-filver to cure the worms in horfes ; of 
Palmarius’s famous remedy, which he folemn- 
ly affirms-to be a conftant one againft the bitings 
of a mad dog in cattle, and of a more parable 
one for men alfo, whofe fuccefs J almoft ad- 
mired in a near relation of yours and mine ; 
of the ufe of the antimonial cup for feveral 
fickneffes in horfes and fheep, which (if I mif- 
remember not) was fuccefsfully tried by one, to 
whom I recommended it ; and of another an- 
timonial medicine, which (though much com- 
mended to me by a virtuofo, that teok it him- 
felf) a gentleman of my acquaitance, refident 
in the country, who prepares it, affures me, 
that he ufes it with ftrange fuccefs to fatten his 
horfes, (made lean by oceafion of ficknefs) with 
whom yet it works not, either as an emetick, 
or a purge. And I could here prefent you di- 
vers other receipts much prized for their having 


(as well as the newly mentioned remedies) fre- 


quently been found effectual againft the fame 
difeafes both in human bodies and in brutes, if 
I did not think it lefs proper to make in this 
place a veterinarian excurfion, than to tell you, 
that, if you have any curiofity for them, you 
may command them. 

I might add, if I had leifure, fome reafons, 
why I defpair not, that in time the hufbandman 
may, by the affiftance of the naturalift, be 
able to advance his profeffion by a therapeutical 
part, which may extend not only to the animal 
produtions of the ground, and to the vegeta- 
ble ones ; but (in a large acception of the term) 
to the diftempers of the ground itfelf. For if 
the caufes of the barrennefs of foils in general, 
and of their indifpofition to cherifh particular 
plants or animals, were by the philofopher’s 
fagacity difcovered, I fee not why many of 
thofe defects may not be removed by rational 
applications, and proper ways of cure ; as 
well as we fee inconvemences remedied in many 
ether inanimate bodies, without excepting the 
clofe and ftubborn metalline ones themfelves, 

Anp perhaps alo, that by a way of ma 
nagement fuggefted by the knowledge of caufes 
the berrennefs- of a foil may be cured, or its 
fertility much promoted by methods, that do 
nothing near fo muclr require coft as fkill. 
Some ingenious hufbandmen have of late pro- 
claimed themfelves much fatisfted: with a 
of corréteing two ef the barreneft forts of 
land, not by rich manures or other coftly cul- 
tures, but by fkilfully mixing the fand and chy 
themfelves ina due proportion, according to 
the ufe the Khufbandman defigns to make of It. 
‘And whereas one of the beft modern writers 
of agriculture reports, as he may, fora ftrange 
thing, that he had feem feven or eight and’ thir 
ty ears of: barley, that {prung from one grain ; 
Tremeniber, that an tngenious gentleman, to 


fatisfy.fome curious perfons what might be done 
in that kind, fowed corn upon a piece of jand, 
very near the place of my abode, which prof- 
pered fo ftrangely, that one root, that I took 
particular notice of, though perhaps not the 


fruitfulleft in the field, produced fixty and odd _ 


ears of corn ; and yet, which was the ftrangeft, 
this wonderfulincreafe depended upon a_philo- 
fophical obfervation ; nothing extraordinary 
having been done, either to the land, or fo 
much as to the feed ; as I had opportunity to 
know, both by the informations of obferving 
men, and by the confeffion of the gentleman 
himfelf, who was pleafed to make choice of me 
to intruft his fecret with, that, in cafe he died be- 
fore me, the publick might not lofe it. Upon 
which account he alfo confided to me another 
fpecimen of his fkill. Heonce prefente’ our 
excellent mother a company of feveral forts of 
choice apples, among which there was one fort 
excellently tafted, but very fmall ; the following 
year he prefented her another bafket of the like 
fruit, but finding no {mall ones among them, 
fhe took occafion to afk him, what was become 
of the tree, that produced thofe delicious little 
apples, that made part of his former prefent ? 
to which he replied, that he had brought feveral 
of its productions among the other fruits, fhe 
was looking on ; and thereupon fhewed her 
fome, that came from the fame tree, and ap- 
peared by the peculiar relifh to be of the fame 
fort, though exceedingly differing in bulk, that 
neither your mother, nor J, had any fufpicion, 
that the fame tree bore them. Upon which 
occafion he readily gratified my. curiofity by ac- 
quainting me with his way, which depended 
almoft only upon a phyfical obfervation ; all 
that he added being not any rich compoft, but 
fome defpifed leaves of a very cheap and com- 
mon vegetable. But hufbandry is too large a 
fubject for me to profecute in this place, and 
therefore I fhall here difmifs it. 


SEC FION UE 


FE, next thing I fhallobferve to you, Pyra- 

philas, 1s, that itis not only to the trades, 

that minifter to the neceffities of mankind, 
but'to thofe alfo, that ferve for man’s accom- 
modation or delight, that experimental philo- 
fophy may bring improvements; for thefe 
artsalfodo, forthe moft part, confift in the know- 
ledge and application of fome of nature's pro- 
ductions and courfes, whofe being referred to 
the accommodation or delight of men, rather 
than to any other purpofe, does produce no- 
thing, that is truly phyficalin the things fo re- 
ferred, which thereby acquire only fuch’a kind 
of refpect to man, as that which the metaphy- 
ficians callan extrinfical denomination ; and we 
fee that the fame things, withowt varying their 
nature, are ferviceable to men. in very differing 
capacities : as wine fetves one, that is dry, to 
quench his thirft, ferves a faitning perfon to re- 
vive his fpirits, and the diwnkard to inebriate 
himu; the fame fpirit of wine, that ferves the 
phyfieian to male tin€tures and: extracts for the 


‘recovery of health, may ferve the ladies to dif 
‘folve benjamin -inte- a tinéted liquor, that 


diluted 


Sect. LIT. 


2 “ g 
= — ae }. LUC 


— Se i, 
_ 


Sect. IV. 


4 


diluted with fair water may be ufed as a cofme- 
tick, which I have received many thanks for ; 
and the fame fpirit fkilfully employed upon in- 
eredients, to be named to you ere long, 1s of 
excellent ufe for making divers fine varnifhes 
tnade with rectified fpirit of wine; nay, the 
newly mentioned folution of benjamin may it 
felf be applied to all thofe differing ufes; for 
of it felf it isa pretty and odoriferous varnifh, 
and Ihave ufed it (though not often, for want 
of opportunity) with very good fuccefs againft 
a fort of tetters, which I caufed frequently to 
be bathed with it. What happy applications 
knowledge and {kill may make even of unpro- 
mifing things, to the furnifhing men with de- 
lights, is methinks very evident in mufical in- 
{truments, as lutes, viols, &c. For who would 
think (if experience did not affure us of it) 
that with a few pieces of wood joined together, 
and the guts fi cats or larnbs wreathed or 
twifted into ftrings, the fkilful mufician, by the 
help of mathematicks and exercife, fhould be 
able to charrn the ear with the greateft, as well 
as moft innocent delights, the fenfe belonging 
to the organ is capable of, arid which fometimes 
does not only pleafe, but ravifh the tranfported 
Hearers. But though, Pyropbilus, as I was 
lately faying, phyficks may not only be very 
improving to thofe atts and profeffions, that 
ferve to provide man with the neceffaries or ac- 
commodations of life, but alfo to thofe, that 
ferve chiefly to furnifh him with pleafures and 
delights ; as might be inftanced in experiments 
of colouring, perfuming, making fweet-meats 
of all forts, emmbellifhing the face with cof- 
meticks, and divers others of the like volup- 
tuotis nature : atid though I may élfewhere have 
eccafion, whén I come to treat of colouts, o- 
dors, taftes, and other qualities, to acquaint 
you with fome receipts and experiments of this 
kind; yet now I do not only want leifure to 
tention therm, but am defirous, that natural 
philofophy fhould engage you to court her, 
rather by her sratifying and enamouring your 
reafon, than by her bribing and inveigling 
your fenfes. 
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“HOU GH what has been reprefented a- 
bout the ufefulnefs of é¢xperimental phi- 
lofophy to trades does chiefly belong to thofe, 
wherein nature’s productions are employed to 
hurnan ufes, by thofe operations, wherein naturé 
her felf, rather than the artificer, feems to have 
the chief hand, asthe trades of brewing, baking, 
gardening, tanning, &c. yet I would not ex- 
clude thofe' very trades, wherein the artificer 
feems to be the main agent, and in whofe ul- 
timate productions the chief thing, that 1s 
wont to be confidered, is the adventitious fhape 
er form, which the artificer; as an intelligent 
and voluntary agent, does, by the help of his 
tools, give the matter he works on, asin the 
trades of the fmith, thé mafon, the cutler 
(when diftinet from that of the {word-maker,) 
the watch-maker, and other handicrafts. For 
though thefe confift rather in the manual dex- 
tetity of men, than the fkilful ordering of the 
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productions of nature, by their material opera- 
tions upon one another ;_ yet to many, if not 
all, evén of thefe, the naturalift may fome 
way or other be a benefactor, . _ . 
_ For there are divers of thefe manual trades, 
that, efpecially as they are exercifed in cities 
and greater towns, confift of feveral parts, 
and have need of feveral other trades to pre- 
pare materials for them, and difpofe them to 
receive the laft form, which the artificer is to 
give them, to fit them for fale. And we may, 
in many cafes, obferve, that though this arti- 
ficer, that gives the matter this laft form, does 
it chiefly. with his hands and his tools; yet 
thofe other tradefmen, to whom he is beholden 
for his materials, do fome or other of them, 
to prepare and qualify them for his ufe, need 
fome obfervations of the conditions of the bo- 
dy they deal with, or muft imploy fome phy- 
fical operations, wherein they may be much 
affifted by the knowing naturalift, who may 
alfo teach the manual operator himfelf, how to 
rake choice of his materials, and examine the 
goodnefs of thofe, that fubordinate workmen 
fhall bring him. Thus, though ftone-cutting 
be a trade, that feems to confift almoft wholly 
in giving, with proper tools, to marble, free- 
{tone, and othér matetials, the fhape, which 
the artificer defigns; yét, if I had leifure, I 
could eafily fhew you, that even in this trade, 
there are many particulars, wherein expeti- 
mental philofophy might be helpful to the ar- 
tificer. For ways, hitherto unufed, may be 
found out (as I have partly tried) to examine 
the nature ahd goodnefs of the marble, ala- 
bafter, and other ftones, which the mechanicks 
deal with. A competent knowledge of the 
fap, that is to’ be found ih ftones imployed for 
building, is of fo much importance, that thé 
experienced mafter workmen have confeffed to 
me, that the fame fort of ftone, and taken 
out of the fame quarry, if digged at one feat 
fon, will mouldér away ina very few win- 
tets ; whereas di¢ged at another feafon, .it will 
brave thé weather for very many years, not to 
fay, ages: (but of my obfervations of this 
kind, more elfewhere.) The cetnents alfo, and 
ftoppings (as they call them) which are of 
good ufe in this trade, may be eafily bettered 
by the naturalift, that is verfed in fuch mix- 
tures. And I remember, I had occafion to 
teach a fine cement for the rejoining of the 
broken limbs of ftatues to their bodies, to an 
inquifitive artificer, who, by fuch like helps, 
did in other cafes, fo well counterfeit marblé 
with a cement, that even where there was oc- 
cafion to fill up great cavities with it, the 
work would pafS for entire; the additaments 
being hot diftinguifhed' from the natural mar- 
ble. Want of curiofity alfo keeps our ftone- 
cutters heré in England unacquainted with the 
ways of workinig upon porphyry, which they 
will not undértake either to polifh or to cut. 
Nor is England the only country, where the 
art of working upon porphyry (which appears 
to have béén in great ufe amongit the Romazs) 
is unknown, though at Rome there aré fome 
few, that do with great gain exercife it. And 
though I know not precifely, what it is they 
z employ, 
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iniploy, yet I prefume, it may be.powder of 
emery: for wjth that, and water, and fteel- 
jaws, I, have here in England caufed a por- 
phyre-ftone to be cut. And the mention of 
jorphyre puts me in mind of telling you, that 
by an art I have, white marble may be fo 
{tained, and that durably, with fpots great or 
{mall, and red or brown, as it pleafeth the ar- 
tificer, as I may hereafter have occafion more 
fully to relate. It would be too long to dil- 
courfe to you here of artificial marble, and 
divers other things, that ftone-cutters affirm to 
belong to their trade, wherein you will fcarce 
doubt, but that it may be capable of improve- 
ment. Wherefore I fhall only add, that 
whereas this profeffion does much require very 
good fteel-tools, and they muft have thefe 
from fmiths, and others that deal in iron, if 
thefe men’s trade were bettered by the natu- 
ralift, they might be able to afford the ftone- 
cutter the better tempered tools: and that even 
the {mith’s craft, though it feem to be merely 
a manual art, is yet capable of much meliora- 
tion by the knowledge of nature, were not 
difficult to manifeft, if it were proper here to 
-infift on the proofs of it; yet thus much I 
fhall here take notice of, to confirm this fourth 
abferyation, that not only the philofopher may, 
as a mineralift, and a mechanician, improve 
the ways of making iron and fteel, before they. 
come to the {mith’s hand, but likewife may 
devife better expedients, than are among us in 
ufe, for the ordering of iron and fteel, when 
it corhes to be formed into weapons and tools, 
The fword-blades; and other arms, that are 
made at Damafca, are very famous every 
where, and (as far as fome trials have in- 
formed us) juftly for their egcellency in 
cutting even iron. And yet yy sine to be 
only the {kill of the artificers in ordering it, 
that gives the {words, and other inftruments 
made at Damajco, fo great a preheminence 
above others. For though the goodnefs of 
them have been prefumed to proceed from 
that of the iron-mines, and fteel, peculiar to the 
region of that city; yet the judicious Bellonius*, 
having made particular enquiry at his being 
there, informs us otherwife, and tells us, that 
iron and fteel, being brought thither from 
other parts, (the country having no mines of 
it) receives there from the fkill of the work- 
men its temper and perfection, And I, fee 
not, why I may not reafonably fuppofe, that in 
the tempering of fteel, it is not only the good- 
nefs of. the metal,..and the determinate degree 
of heat, though thefe be the only things arti- 
ficers are wont to look after, that give the 
beft temper; but that much may depend upon 
the nature of. the liquors, or other bodies, 
wherein the hot fteal is plunged, and upon 
ather ways of ordering it, if thofe be fkilfully 
chofen and imployed.. I have had a-graver fo 
well tempered, (but by whom I know not) 
that all the known ways ufed by,me and others, 
(who wondered, .as well as I, at the unfuccefi- 
fulnefs of our endeavours,) could nat deprive 
it of its temper, as they would have done any 
pravers, that we make here ; and it was after- 
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wards affirmed to me, that it was made of fteel 
tempered at Damajco. 
I may elfewhere tell you, Pyrophilus, both 


of a way I have tried; of hardening gravers, 


without quenching them in any liquor or tal- 
low, or any other unctuous body; and that 
having perfwaded an ingenious artificer to try 
an unpractifed way ef tempering gravers, he 
foon after brought me one to {fee the goodnefs 
of it, which, by being plunged in a certain 
cheap mixture, (wherewith I may hereafter ac- 
quaint you) had been hardened and tempered 
at once: which though moft artificers would 
think fcarce poffible, yet upon the authority of 
trial I fhall venture to deliver, what fome may. 
think as ftrange, namely, that though igriition 
and extinction in cold water, be the common! 
and known way to harden fteel gravers; yet. 
by that way, only obferving precifely a nick of. 
time, fteel may be made ftrangely fof, But 
of this more elfewhere. I fhall now add, that. 
having enquired of one of the curioufeft, and 
moft obferving makers of fteel-tools, whethez 
he did not find a difference in the employing 
of pump-water, or river-water, in giving them. 
their temper, he fatisfied me, that he did fo; 
and obferved the former to be fitter for fome 
forts of tools, and the latter for others. There 
may be divers other particulars, wherein iron 
and {teel may be improved by the iafuralift. 
The firft may be this; that the metal be ren- 
dered fo foft, as to be; by the help of ftrong 
moulds, put into fhapes. This an eminent 
and credible artificer aflured me, he had often 
feen his matter do to iron, with confiderable 
profit. Or elfe it may be made fufible like an’ 
other metal, as I remember I have (fomietimes, 
with a certain flux-powder, which I compofed, 
if I much forget not, of tartar, fulphur, and 
arfenick) made it run, even with a charcoal 
fire, into a mafs exceeding hard, and very 
polifhable. “A third way may be this; that it 
be fo ordered, as to be preferved very long 
from ruft, which an ancient virtuofo, who had 
purchafed the fecret of a rare artift for a great 
printe, ‘and ufed to fhew his friend’s fteel fo 
prepared, affured me, was done chiefly by 
tempering it in water well impregnated with 
the bark of acertain tree. Ina word, there 
may be divers other ways, whereby iron or fteel 
themfelves, or their trades, that imploy them, 
may be meliorated ; and to add, that on this 
occafion, there are many and very differing 
accounts, upon which a trade or profeffion 
may be benefited by the Experimental Philo- 
fopher: for he may either find out variety of 
materials, wherewith to perform the things 
defired by the tradefman, or he may render 
thofe materials, that are already in ufe, better 
conditioned; or he may difcover and reform 
the unheeded errors and miftakes to be met 
with in the trade ; or he may devife more eafy 
and compendious ways of producing the effect 
that is required ; or he may improve fome of 
the auxiliary trades, of which the trade {poken 
of has need or ufe ; or may inftruct the arti- 
ficer to choofe, and examine, and preferve his 
materials and tools, better than is ufual, or = 
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make the ultimate productions of his trade 
fooner, or cheaper, or eafier, or better con- 
ditioned, or applicable to more ufes, or more 
durable, than they are commonly made. Nor 
are thefe all the particulars, that might here be 
enumerated to the fame purpofe, if this fourth 
confideration had not detained us too long 


already. 
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"7. naturalift may increafe the power and 
goods of mankind upon the account of 
trades, not only by meliorating thofe, that are 
already found out, but by introducing new 
ones, partly fuch as are in an abfolute fenfe 
newly invented, and partly fuch as are un- 
known in thofe places, into which he brings 
them into requeft. For it were injurious both 
to nature and to man, to imagine, that the 
riches of the one; and the induftry of the other, 
are fo exhaufted, but, that they be brought to 
afford new kinds of employments to the hands 
of tradefmen, if philofophical heads were ftu- 
dioufly employed to make difcoveries of them. 
And here I confider, that in many cafes, a 
trade differs from an experiment, not fo much 
in the nature of the thing, as in its having had 
the luck to be applied to human ufes, or by a 
company of artificers made their bufinefs, in 
order to their profit ; which are things extrin- 
fical, and accidental to the experiment itfelf. 
To illuftrate this by an example, the flafhing 
explofion made by a mixture of nitre, brim- 
ftone, and charcoal, whilft it paft not farther 
than the laboratory of the monk, to whom the 
invention is imputed, was but an experiment : 
but when once the great (though unhappy) 
ufe, that might be made of it, was taken no- 
tice of, and mechanical people refolved to 
make it their profeffion and bufinefs, to make 
improvements and applications of it; this 
fingle experiment gave birth to more than one 
trade; as namely, thofe of powder-makers, 
founders of ordnance, gunners (both for ar- 
tillery and mortar-pieces,) gunfmiths ; under 
which name are comprized feveral forts of 
artificers, as the makers of mufkets, {mall 
piftols, common barrels, fcrewed barrels, 
and other varieties not here to be infifted 
on. 
Tue difcovery of the magnetical needles 
property to refpect the poles, has given occa- 
fion to the art of making fea-compafies, as 
they call them, which in London is grown to 
be a particular and diftinét trade. And divers 
other examples may be given to the fame pur- 
pofe ; efpecially where mechanical tools and 
contrivances co-operate, with the difcovery of 
nature’s production. So that oftentimes a 
very few mathematical fpeculations, or as few 
phyfical obfervations, being promoted by the 
contrivance of inftruments, and the practice of 
handicrafts men, are turned into trades; as we 
fee, that a few dioptrical theories lighting into 
mechanical hands, have introduced into the 
world the manufactures of fpectacle-makers, 
and of the makers of thofe excellent engines, 
telefcopes and microfcopes. 
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Tue obferving, that though quick-filver 
will amalgame with gold (and thereby feem 
to be deftroyed,) which made Piiny thirk it an 
enemy to metals,) yet it may be feparated from 
the gold again, without diminution of that 
noble metal) has brought forth the trade of 
guilders, whofe art confifts chiefly in mixing, 
by the help of a competent heat, good gold 
with five, fix, or feven times its weight of 
quick-filver, until the mixture come of fuch a 
confiftence, that they may fpread it as they 
pleafe upon the filver or copper to be gilt. 
For having by this means overlaid it evenly 
with gold, they can eafily with fire force 
away the mercury; and, with a liquor im- 
pregnated with nitre, verdigreafe, {al armo- 
niack, and other faline bodies, which they call 
a colourifh, reftore its luftre to the remain- 
ing gold, which they after make bright by 
polifhing, : 

THe almoft obvious and trivial obfervation 
made by fome fagacious perfon, (whocver it 
was) thata {pring was a phyfical, continual, and 
durable power or force, and the corollary he 
thence deduced, ‘ that this force, fkilfully 
“© applied, might be equivalent to the weights, 
“< that were thought neceflary to move the 
“< wheels of clocks: thefe reflections, I fay, 
joined with a mechanical contrivance, pro- 
duced thofe ufeful little engines, watches, that 
now afford a plentiful livelihood to fo many 
dexterous artificers ; which though cuftom has 
made familiar to us, yet were unknown to the 
ancients, and highly prized and admired in 
China itfelf, when firft (in the laft century) 
brought thither. The difcovery of the virtue 
of aqua fortis, to diffolve filver and copper 
without working upon gold, added to the 
obfervation,; that lead melted with either of 
the two noble metals, and then forced from 
them by fire, will carry away with it any of 
the bafer metals, that may have been mixed 
with them ; thefe two particulars, I fay, have 
begot in latter ages the art of the refiners we 
now have. 

Men’s having obferved the operations of 
fome lixiviums, clays, and a few other familiar 
things upon the juice of the fugar-cane, has 
not only occafioned the adding of the culturé 
of thofe reeds to the other parts of hufbandry, 
Jeft us by the antients ; but has produced the 
feveral trades of fugar-boilers, or makers of 
fugar, refiners of fugar, and confectioners : 
not to mention the great addition the concreted 
juice of the fugar-cane brings to the apothe- 
caries profeffion, upon the fcore of fyrups, 
conierves, electuaries, and other faccharine 
medicines, Nay, a very flight manual con- 
trivance, or operation, if it light fortunately, 
may fupply men with a trade, as in the art of 
printing. ‘To which I fhall only add, that in 
China, and fome other Eaftern parts, the lucky 
trial, that fome made to bore very {mall holes 
through Porcellane or China cups, and employ 
very flender wire inftead of thread or filk, has 
given being to the vulgar trade of thofe people, 
that go up and down in thofe countries, as tinkers 
do with us, getting their livelihood by fewing 
together the pieces of cracked or broken Porcel- 
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Jane veffels ; as Ihave been informed by more 
than one credible perfon, that lived in the 
Eaft, and had experience of the ufe of cups fo 
mended, though filled with liquors as hot, as 
they are wont in the Eafft to drink their coffee 
and tea. 

THe mention frefhly made of China brings 
into my mind, that whereas the knowledge of 
fome gums and liquors in that country af- 
forded thofe ufeful, as well as moft beautiful; 
varnifhes, which we call by the name of the 
kingdom, that fupplies us with them, and 
which do both there, and in Yepan, employ 
multitudes of tradefmen; I am credibly in- 
formed, that the art of making the like var- 
nifhed wares 1s now begun to be a trade at 
Paris, and I doubt not but it will before long 
be fo in London too. For though fome ac- 
counts, that were given me by virtuofi of that 
varnifh, were fuch, that the trials of them did 
very ill anfwer expectation ; yet having read in 
Linfchoten’s voyages, that in China and Fapan 
they make this excellent varnifh of gum lacca, 
I found by fome trials, that I was able to imi- 
tate one of the beft forts of it, by diffolving 
the gum in high rectified fpirit of wine,* and 
then giving it a colour, and Jaying it on in fuch 
a manner, as I may have before long a fitter 
occafion to inform you. 

AnpvD without much impropriety, I might 
alledge the art of cultivating and gathering 
fugar-canes, and of ordering their juice, as a 
recent inftance of the tranfplanting of arts and 
manufactures. For, as I am informed by very 
credible relations, there are not very many 
years effluxed, fince, in cur memory, a foreigner 
accidentally bringing fome fugar-canes, as rari- 
ties, from Brafil into Europe, and happening 
to touch at the Barbadoes, an Englifh planter, 
that was curious, obtained from him a few of 
them, together with fome hints of the way of 
cultivating and and ufing them. Which, by 
the curtofity and induftry of the Enghifh colony 
there, were in a fhort time fo well improved, 
that, that {mall ifland became, and is ftil!, the 
cheif ftore-houfe, that furnifhes, not only 
England, but Europe, with fugars, And this 
inftance I the rather mention, becaufe it is 
alfo a very notable one, to fhew, how many 
hands the introduction of one phyfico-mecha- 
nical art may fet on work; fince I have had 
particular opportunity to learn by enquiry, 
that the negroes, or, as they call them, blacks, 
living as flaves upon that {pot of ground, and 
employed almoft totally about the planting of 
fugar-canes, and making of fugar, amount at 
Jeait to between five and twenty and thirty 
thoufand perfons. And, that you may fee 
how lucriferous in that place this recent art 
of making fugar is, not only to private men, 
but to the publick ; I fhall add, that by divers 
intellivent and fober perfons interefted in the 
Barbadoes, (and partly by other ways) I have 
been informed, that there is, one year with 
another, from that little ifland, which is 
reckoned to be fhort of thirty miles in length, 
(and fo I found it, by meafuring it on one of 
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England, efpecially, ten thoufand ton of fugar, 
each ton being eftimated at two thoufand 
pound weight, which amounts to twenty 
millions of pounds of that commodity ; which 
though it may feem fcarce credible, yet one 
of the antient magiftrates of that ifland, lately 
afflured me, that fome years it affords a much 
Greater quantity. 

I fhall not fortify what I have hitherto dif 
courfed with particulars, that will elfewhere 
more properly fall in ; it being jufficienr for my 
prefent purpofe, that the inftances already 
mentioned may render it probable, that .the 
experimental philofopher may not only im- 
prove trades, but multiply them, till I have oc- 
cafion in the laft effay of this book, to make it 
out more fully. Nor do I defpair, that among 
other ways, whereby trades will be increafed, 
one may be the retrieving fome of thofe, that 
were anciently practifed, and fince loft; of 
which we have a catalogue in the learned Pax- 
cirollus. For as it is the fkilful diver’s work, 
not only to gather pearls and coral, that srew 
at the bottom of the fea, and ftill lay con- 
cealed there; but alfo to recover fhipwrecked 
goods, that lay buried in the feas, that fwal- 
lowed them up: fo it is the work of the expe- 
rimental philofopher, not only.to dive into the 
deep receffes of nature, and thence fetch up 
her hidden riches; but to recover to the ufe of 
man thofe loft inventions, that have been fwal- 
lowed up by the injuries of time, and lain bu- 
ried in oblivion. This I do not {ay altoge- 
ther groundlefly, though for fome reafons I 
here decline mentioning the things, that in- 
duced me to fay it. 7 
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O what has been hitherto faid I thal} 

_ venture to add, not only, that the faga- 
cious philofopher may better moft of the trades, 
that are already in ufe, and add to the number 
of mechanical employments; but that I am 
apt to think it might, without much hyperbole, 
be afhrmed, that there is notany one profeflionor 
condition of men (perhaps fcarce any fingle per- 
fon of mankind) that may not be fome way or 
other advantaged or accommodated, if all the 
truths difcoverable by natural philofophy, and 
the applications, that might be made of them, 
were known to the perfons concerned in them. 
So that befides thofe difcoveries, that are com- 
piled or formed into trades, there are, and 
may be, found a multitude of loofe particu- 
Jars, whereby the naturalift may much gratify 
and affift men, according to the exigency of 
particular occafions. The nature of the thing 
will {carce permit me to illuftrare fo unlikely an 
affertion, without employing inftances in them- 
felves trifling, if not defpicable ; cf which I 
will therefore give you but a few, becaufe, if 
they were not pertinent to my prefent purpofe, 
they would be fitter to divert, than inform you. 
I had, not long fince, the honour to be 
known to a very great court-lady, who was 
much treubled, that having frequent cccafion — 
to write Ictters, fhe could icarce handle a pen 
without 
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without blacking her fingers with ink. Ifmiling- 
ly undertook to make her write without ink, 
which I my felf was formerly wont to do, by 
firit preparing my paper with a powder made 
of copperas, flightly. calcined upon a fire-fhovel, 
till it grow friable, and galls, and gum-arabick 
finely pulverized, and exquifitely incorporated 
with the vitriol in a certain proportion ; which 
though a few trials will better teach than rules, 
(becaufe, according to the goodnefs and calci- 
nation of the vitriol, the proportion of the other 
ingredients muft fometimes be varied,) yet to 
affift you in your firft gueffes, I fhall tell you, 
that, for the moft part, I ufed my {elf three 
parts of calcined vitriol, two parts of galls, 
and one part of gum-arabick, and mixed them 
not before I was ready to employ them; for 
this powder being with a hare’s foot, or any 
other convenient thing, carefully rubbed into 
the paper, and the loofer dutt ftruck off, doth, 
without difcolouring it, fo fill its pores with an 
inky mixture, that as foon as it is written upon 
with a clean pen, dipped in water, beer, or 
fuch other liquors, the aqueous part of the li- 
quor diffolving the vitriolate falt, and the ad- 
hering particles of the galls, makes a legible 
blacknefs immediately difcover itfelf on the 
paper. This mention of writing brings into 
my mind, that feveral times having had occa- 
fion to make a word or two, that was but 
lately written, look as if it had been written 
long before, I performed it, by lightly moi- 
ftening the words I would have to look old, 
with oil of tartar per deliquium, allayed with 
more or lefs fair water, according as J defired 
the ink fhould appear lefs or more decayed: 
which experiments may be often ufeful in ma- 
nufcripts, to keep the recent interlineations, or 
other additions, from betraying themfelves by 
their frefhnefs not to have been written at the 
fame time with the reft of the manufcript. 

Anp the defign I had in making ufe of the 
lately mentioned powder of galls and copperas 
puts me in mind of another way of writing 
without ink, (and too without danger of black- 
ing one’s fingers or linnen,) which I remember 
I have practifed fometimes with one powder, 
and fometimes with another. For confidering, 
that common filver being rubbed upon bodies, 
whofe furfaces are a little rough, and even up- 
on coloured cloth, the metal would leave a 
blacknefs on it, it was eafy to conclude, that if 
the furface of the white paper were afperated 
by a multitude of irregular grains of a pow- 
der as white as it, would retain a blacknefs, 
wherever a blunt filver bodkin fhould be drawn 
over the grating particles: and accordingly I 
found, that either exquifitely calcined harts- 
horn, or clean tobacco-pipes, or (which is bet- 
ter than that) mutton-bones (taken between 
the knuckles, and) burnt to a perfeét white- 
nefs, being finely powdered and fearfed, and 
well rubbed upon paper, would make it fit to 
be written upon with the point of a filver ta- 
ble-book pin, or bodkin of filver (which me- 
tal is not abfolutely neceffary in this cafe,) as 
well asthat, which is called mathematical paper, 
Gf the being prepared.with one, or other of 
thefe powders, do not make it the fame. ) 
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Anp now Iam upon the mention of fach 
preparations of paper, I remember, that I was 
once ina place, where I could get no white 
leaves, to fupply a fine table-book, that J had 
much ufe for; nor could I hear of any tradet- 
man in the whole country, that knew the way 
of making fo much as ordinary table-books: 
wherefore I bethought my felf of trying to 
make fomething by way of fuccedaneum, which 
fucceeded at the firft attempt. And though 
there may be better ways to make white table- 
books, yet perhaps you will find none more 
fimple and eafy; the two only ingredients we 
had in it, being to be had at every apothe- 
caries fhop. I only take cerufs, rubbed to ve- 
ry fine powder, (which ts done in a trice) and 
temper it up with fair water glutted with clear 
gum-arabick. With chismixture (being brought 
to the confiftence of a fomewhat thick faive) I 
rub over the paper I prepare, putting on more 
or lefs, according as I would have it lait; and 
having fuffered it to dry (which it will quickly 
do) it may, if there be occafion, be preiently 
ufed with the point of a filver-pin; wich will 
make the letters appear very conf{picuous upor 
a mixture, that doesnot at all impair the white- 
nefs of the paper ; and what was thus written 
I could, with fpittle or water, blot cut three 
or four times fucceffively without {poiling the 
paper. Which gueftionlefs hai been much 
better prepared, if divers couches of the mix- 
ture had been laid on, and fuffered each to dry, 
and if afterwards the paper had been {moothed 
by being icraped with aknife, and polifhed. 

A very ingenious artificer, who had con- 
trived an inftrument ufeful to others, and pro- 
fitable to himfelf, whereof an abfolute neceffa- 
ry part was a glafs filled with fair water, and 
exactly ftopped, complained to me, that though 
his inftrument did exceeding well in all but 
frofty weather, yet then it was apt to be {poiled 
by the freezing of the included liquor, which 
too often broke the glafs. Whereupon I 
taught him to remedy it, by fubftituting, in- 
ftead of water, good fpirit of wine, which has 
not in our climate been obferved to freeze; or 
rather, (becaufe in his bigger glaffes, that h- 
quor would be chargeable) either fea-water 
ftrengthened with a little falt, or elfe common 
{fpring-water with a twentieth, or at moft a 
tenth part of falt diffolved in it. For though 
this brine look, if well made, as clear as com- 
mon water, yet I have not obferved, that the 
fharpeft of our Englifh winters would make it 
freeze. _ 

To aperfon of quality, that was very cu- 
rious of the way of writing fecretly, I under- 
took to teach an eafy way (which after I knew 
it, I found alfo in an old printed book) of 
fending a written meffage, without putting it 
into the power of the bearer to betray it; which 
T could eafily have performed my felf, if the 
meffage were to be delivered in a fhort time, 
and not too far off, by writing on his back, or 
other convenient part of his body, with a clean 
pen dipped in my own urine, (there being fome 
urines, with which I have found, to my won- 
der, that the experiment would not fucceed.) 
For if he, that receives the meffage, rubs Sy 
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little of the black fubftance remaining of pa- 
per after it is burnt, thofe fable parts adhering 
to thofe other of the liquor, that lurk yet in 
the pores of the {kin (whence, if the meften- 
ger went faft, and very faft, the fweat would 
probably diflodge them) do denigrate all that 
was written, and make it legible enough, 
fometimes, as I have tried, after many hours. 

I remember too, that intending one fummer 
to make fome abode at a houfe I had in the 
country, I fent for from London, among other 
things, a quantity of damafk table-linnen, 
with which he that fent it me, inconfiderately 
packed up a great pot of a certain confection, 
which, for fome purpofes, I had caufed to be 
made of the pulp of floes, which, by agita- 
tion of the horfe it was carried on, being 
brought to ferment, and run out of the broken 
pot, ftained all the new damafk from the top 
to the bottom. Atwhich an old domeftick of 
mine (whom you remember very well) feeming 
much troubled, becaufe he had fent for it, to 
convince him, that experimental philofophy was 
not altogether ufelefs, I fteeped the ftained 
linnen, for fome convenient hours, in new 
milk ; and afterwards caufing it to be throughly 
and diligently wafhed in the like hquor, the 
damafk came forth unftained, and almoft as 
white as it. Whaturine, ifdulyandlong enough 
employed, may do to take ftains, even of ink, 
out of linnen, is but to be hinted in this place ; 
where I might add, that with ftrong fpirit of 
falt, wherewith I moiftened, as often as was 
needful, the fpotted places (firft wetted with 
fair water) I have out of new linnen taken fpots 
of ink (efpecially frefh ones) of very differing 
fizes, without leaving (after the linnen was 
well wafhed out in fair water) any of thofe yel- 
low ftains which many call iron-moles. 

SOME ingenious perfons, that deal much in 
lixiviums and brines, complaining the other 
day, that befides that they could not fome- 
times eafily come at an egg, to try, by its 
finking or floating, the ftrength of the faline 
liquors they would examine, there needed a 
good quantity of liquor to make fuch a trial in, 
I allowed their complaint to be juft, and the 
rather, becaufe I obferve, for nicer eftimates 
of the ftrength of liquors, the trial by eggs is 
uncertain enough, in regard, that even the 
fame ege¢ will, as I have found, by being kept, 
grow lighter, whence ftale eggs have ufuatly a 
great cavity (that feems filled only with air) at 
the bigger end: and I told them, to omit the 
more artificial, but more difficult, ways of ex- 
amining fuch liquors, I fometimcs ufed a way, 
whereby I could try the ftrength of the lixi- 
viums made with chemical] falts, though I had 
not above a thimbleful of the liquor, and this 
with a body, that will not eafily wafte hke an 
egg, and therefore may be kept. For I fub- 
{ticuted, inftead of the egg, a fmall piece of 
amber, about the bignefs of a pea, which in 
a very ftrong folution of lixiviate falt, will, as 
I let them fee, fwim on the top, but fink in a 
weak one. And as you may take a piece of 
amber, lefs or bigger than a pea, as beft fits 
your occafions, and need not he at all fcrupu- 
lous about the figure, (provided the amber be 
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once well ducked in the liquor ;) fo it is fome 
convenience, that two pieces of amber, where- 
of the one is far more reddifh, and the other 
paler, will be, as far as I have tried, of fome- 
what differing fpecifick gravities, fo that the 
one will float in fome liquors, wherein the 
other will fink. 

I remember I was once in a country, where 
I had a great mind to try fome things with 
Dantzick vitriol, or fome other blue copperas, 
but, by reafon of the wars, could not poffibly 
procure any, though there were in that coun- 
try a place, where green vitriol was made by 
the help of iron: wherefore getting fome of 
that liquor, which the rain had wafhed from 
the copperas ftones, I did, by putting into it 
a convenient quantity of copper, reduced into 
{mall parts, make the newly mentioned liquor, 
ferve for a menftruum to work upon the metal, 
and by exhaling the folution to a due con- 
fiftence, I obtained the blue venereal vitriol J 
defired. And the like, I doubt not, may be 
done with fuch of thofe common green vitriols 
made of iron, wherein the faline part is not 
too much fatiated with the martial. 

AWN ingenious and well known perfon, that 
is a great dealer in cyder, coming to vifit me, 
and expreffing a great defire to be able to 
make fome, that would be ftronger, and there- 
by likelier to keep longer than the ordinary 
way, I extempore directed him to an unufual 
courfe, for which he afterwards came to give 
me folemn thanks. The way was to take the 
{trained juice of apples, and in ten or twelve 
gallons thereof to fteep for 24 hours (more or 
lefs) about two bufhels of the fame kind of 
apples grofly bruifed: the apples being lightly 
expreffed, the infufion was (with frefh) repeated 
once more, (care being to be taken, that the 
infufion be not made too ftrong and thick, 
which may hinder the feafonable clarification 
of the liquor.) 

Ir was not perhaps difficult to mend this 
prefcription ; but I give you the account of it, 
as I received it from him, becaufe he affured 
me, that none of his many trials had furnifhed 
him with cyder fo well bodied, and fo much 
applauded. The cautions, that belong to this 
practice, and the various applications, that may 
be made of this way of making vinous liquors 
of fruits, without additions (fo much as of 
water,) by infufion, and the varyings of the 
experiment according to particular cafes, J 
muft not here {tay to mention. 

Ir was not long fince, that accidentally 
rummaging in a dark place, where I had noe 
of a long time been, and where unknown to 
me fome chemical glaffes, negligently ftopped, 
and mot written on, had been put; one 
of them falling down made two or three 
ereac ftains in the confpicuoufeft part of a new 
fuit [had then on; and would have obliged 
me to leave it off, but that judging by the 
nature of the ftain, that it was made with 
fome acid fpirit, I tried, by fmelling to them, 
whether among the other bottles, one or other 
had not fome urinous, or otherlike {pirit ; and 
lighting on a liquor, which, though I know 
not what it was, I gueffed by the ftink, to 
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abound with volatile faltr, I bathed the ftained 
parts well with it, and in a trice, reftored them 
to their former colour. And, by a like way, 
I have prefently remedied the difcolorations 
-made by fome fharper and fretting liquors, of 
died garments of other forts and materials, 
. which thofe blemifhes would elfe have rendered 
altogether unfit for wearing. , 
ANOTHER time, difcourfing with a ftatef- 
‘man of the ways whereby well-meaning per- 
fons may beinjured and defamed, IJ undertook, 


that out of a parchment-writing, with‘his hand 


annexed, I would take out all, that was written 
above his name, without fpoiling or dishguring 
the parchment, on which I would afterward 
write what I pleafed, and whereby I might 
make people believe, that he had acknowledged 
under his hand fuch things, as never came in- 
to his thoughts; And to fatisfy him of the 
poffibility of this, I did in a few minutes take 
off fromthe parchmentall, that was written on it, 
without defacing the parchment. Some at- 
tempt to free paper from what is written up- 
on it, with aqua fortis, but, that by difcolour- 
ing the paper, makes men apt to fufpect fome 
intended-deceits And for the true way of per- 
forming fuch an effect, and divers others of 
the like nature, which I have fometimes for 
curiofity profperoufly experimented, I think it 
much fitter to be concealed than communi- 
cated ; ‘becaufe if fuch fecrets fhould fall into 
the hands of perfons.inclined to mif-apply them, 
they might very much difturb human fociety; 
And therefore it is better men fhould want the 
light afforded them by fuch experiments, than 
be brought into the danger of fuch mifchiefs; 
as they may be made to fuffer by the mif-im- 
ployment of fuch difcoveries. | 

. Tremember, that not long fince; a virtuofo 
happening to have made a folution of gold, 
wherewith he thought to make aurum fulmi- 
nans, thought he had caufe to fufpect, that it 
had been enbafed with copper, and therefore 
would not be fo fit for his work ; whereupon I 
confidered with my felf, that a good urinous 
{pirit being imployed inftead of the ufual men- 
ftruum (oil of tartar,) as it would precipitate 
gold out of aqua regis, fo it would readily dif- 
folve copper, I conjectured, that by the affu- 
fion of fuch a liquor I might both difcover; 
whether the folution (whofe colour did not at 
all accufe it) contained any copper, and if it 
did free the gold in great part from the bafer 
metal: and indeed I found, that after the uri- 
nous fpirit had precipitated the goldinto a fine 
calx, the fupernatant liquor was highly tinged 
with blue, that betrayed the alloy of copper, 
that did not before appear. 

I hope you think, Pyrophilus, that it is be- 
.caufe thefe inftances are more pertinent to my 
defign, than many others (that might have 
been fubftituted) in themfelves more valuable, 
that I have mentioned fuch inconfiderable ones ; 
and I fhall not repent the naming of fuch in- 
ftances, if they have let you fee, that even 
mean experiments are not to be defpifed, but, 
that the meaneft may be fometimes, not only 
ufeful, but more proper to convince ftrangers 
to natural philofophy of the manifold ufes of 
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it, than experiments of a higher and abftrufer 
nature, or as in a fhipwrack, it may more 
advantange the diftreffed pilot to know the 
{upporting nature of a bladder filled with wind, 
though otherwife but a defpicable and airy 
thing, than to know the abftrufeft properties 
of the magnetick needle; fo, in fome cafes, the 
more obvious and flight experiments may be 
much more welcome and ferviceable to us, than 
Others at other times much more confiderable. 
So trite is that of the wife man, That every 
thing is beautiful in its feafon, . 

For my part, I am very apt to hope, that 
natural philofophy will prove more and more 
ferviceable, both to fingle perfons in their par- 
ticular occafions, and to trades themfelves in 
general; as by other ways, fo efpecially by 
making a further fearch into, and thereby de- 
tecting new qualities, or difcovering unheeded 
ufes, of the productions of nature, and of art, 


- that are already known. 7 


I will not here take notice of what may be 
further hoped for in the detection of medical 
virtues of things, becaufe I treat of that fub- 
ject in a more proper place: and as for the 
mechanical ufes (if I may fo call them) and 
applications of the works and laws of nature, 
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though he, that gazes upon the feemingly great - 


variety of productions to be met with among 
tradefmen, and in the fhops of artificers, may 
be tempted to think, that art has curioufly pry- 
ed into, and imployed, almoft all the materials, 
that nature could afford it s yet he, that fhall 
more narrowly and feverely confider them, may 
eafily difcern, that tradefmen have really dealt 
with but very few of nature’s productions, in 


comparifon of thofe they have left unimployed ; _ 


and, that for the moft part, they have, in the 
things they daily converfe with, fcarce made 
ufe of any other, than the more obvious qua- 
lities of them ; befides fome few more lurking 
properties, which either chance, or a lucky 
fagacity, rather than inquifitivenefs or fkill, 
difcovered to them: And indeed this great 
variety of productions we haye mentioned, 
proceeds more from a manual dexterity of di- 
verfifying a {mall number of known things in- 
to differing fhapes,; than either from the 
plenty of natural or artificial productions they 
work upon, or any diligent or accurate fearch 
made into the qualities of thofe productions. 
But becaufe, to a confidering man, itcannot but 
be obvious enough, that the ufes of the things 
they deal in; and much more thofe of. other 
concretes, which they are not engaged to ob- 
ferve, have not been hitherto fufficiently in- 
quired into; I fhall content my felf to add, 
that if men were but fenfible enough of their 
own intereft, arid in order thereunto would 
keep their eyes: heedfully open, partly upon 
the properties of things, and partly upon the 
applications; that may be made of thofe pro- 
perties, to this, or that ufe in human life, 
they might not only difcover new qualities 
in things, (fome of which might occafion 
new trades,) but make fuch ufes of them, as the 
difcoveries themfelves would never before-hand 
have fufpected or imagined : whereof Imay,God 
permitting; give you elfewhere divers inftances. 
| Rr 
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SECTION Vil. 


\ F TER tlie fofegoing general confidera- 
tions (about the ufefulnefs of natural 
philofophy to the empire of man over . things 
corporeal,) which I thought fit to take notice 
of in this firft effay, if remdins, Pyrophilus, 
that I alfo add a word of two about thole, 
that are to follow. 

And firft you muft not expect, that I fhould 
methodically enumerate, and particularly dif. 
courfe to you of all the grounds dnd rhotives I 
may have of looking for great advantages to 
accrue to mankind, by men’s future progreffes 
in the difcovery of natute. ‘To entertain you 
with confiderations, which perchancé you 
would judge but fpeculative and remote con- 
ceipts, would exceéd miy leifure, and perhaps 
be unwelconie t you; and thereforé I choofe 
to confine myfelf to the infifting on thofe 
grounds of expectation, which I can render pro- 
bable by exarnples and inftances of what is already 
actually attained to, or at leaft very likely (rr no 
lone timé) to be-f6, Ahd thisacvettifement I 


‘thought neceffary to premife, partly indeed, 


that you thay riot think, that I have overlooked 
all the particulars pertinent to my flibjeét, that I 
fhall leave untnehtioned, but riiuch more, that 
you might not fifpect, that there are no other 
inducements to hope much frorn experimental 
philofophy, than thofe you will find treated of 
in the following effays. And this, one thing 
in pafticular I date not forbear to give you 
notice of, that for the frefhly intimated reaion, 
you will there find osicted one of the principal 
erotitids of hopins gteat matters from im- 
pidved phyfiology; fiamely, that by the faga- 
city and freedom of the lord Verulam, and 
other lights of this age, confiderms men are 
pretty well enabled beth to make difcoveries, 
and difcefn a poffibility of removing all the 
impedifherits, and other caufes of barrenefs, that 
have hitherto kept phyficks from being confi- 
derably ufeful to mankind 5 fich as many falfe 
and fruitlefs doétrirtes of the {chools ; the pre- 
juices, by which meén have been hitherto im- 
pofed on about fubftantial forms, the unpafia- 
ble bownds of nature, the effential drfference 
betwixt natural and artificial things, &c. a 
too plaufible. defpondericy ; a want of belief, 
that phyficks mueh concerned their interefts ; 
Want of encouragement; want of natural hi- 
ftory ; want of curlofity ; want of a method of 
enquiting ; want of a method of expetiment- 
ing; want of phyfical logick ; want of mathe- 
rnaticks and mechanié¢ks; want ‘of affociated 
endeavours; to all which but too many 
other particulats ‘might be added. 


_ ‘2, You will not think it ftrahge, that 


in the followite tracts much of the ufefulnefs, 
for which I would recommend phyficks, fup- 
pofes future proficiency in them, if you confi 
der the nature of my defign; which is not to 
make an elogiwin of natural philofophy, itmper- 
fect as it yet is, but to thew, that’ as it may be, 
and probably will be, improved, it may afford 
confidétable advantages to matikind. And 
fincée, as I dong age intimated to you, my pur- 


pofe in this book: is to invite you and affift 
you to invite other ingenious men, to a farther 
ftaudy of natute,-it is Very agreedble to my 
defion, to reptrefént the greateft benefits I 
make it promife you, as effeéts and recom- 
penees of yout future attainfhents: and I 
fhould allowably enough difcharge my part in 
this treatife; if I fhould not-do any more 
(which yet I hope I fhall do) than give you 
redfonable inducements to entéttain high ex- 
pectations of the fruits; that may bé gathered 
from natural philofophy, if it bée induftrioufly 
and fixilfully cultivated : and the Yery rendring: 
fuch an expectation probable; I take to be a 
good ftep towards the attainment of ‘the things 
expected ; many of ‘which would queftionlefS 
be obtained, if ‘men wete thoroughly per- 
fwaded, that they are moft worthy to be en- 
deavoured, and very poffible to be compaffed. 
And therefore I w6nder not, ‘that fo judicious 
a fend to philofophy and mankind, as Sir 
Francis Bacon, fhould in feveral plates répre- 
fent- men’s opinions of the impoffibility of 
doing great matters of the nature of thofe 
things we are {peaking of, as one of the chief 
obftacles to the ‘advancement of real and ufeful 
learnirig : and I the rather infift on the things, 
that may heighten your expectations, not only 
becaufe many prudent and learned men, who 
have’ been bred in the philofophy of the {chools, 
are apt to judgt of all philofophy by thar; 
which for fo many ages has béen barrén, as to 
ufeful productions, (though fruitful enough in 
controveérfies,) but becaufe I have met with 
fome morofe authors, and others as defpondent 
perfons, who, becaufe they have unfuccefsfully 
attempted to perform things according to the 
prefcriptions of fome unfaithful writers of na- 
tural philofophy, fall prefently to believe them- 
felves, and to pet{wade others, that nothing 
confiderable is now (at leaft without almoft 
infupérable difficulties) to be perfomed by na» 
tural philofophy itfelf, efpecially, whilt men 
amufe themfelves about {peculations and trials, 
that feern not to tend direétly to practice ; 
our anceftors having had the fuck to light upon 
all the profitable inventions, which fkill in 
phyfiology is able to fupply mankind with. 
But (to take notice firft of what was lait 
fugpetted) I make no doubt, but that many 
experiments, whereby men are not prefently en- 
abled to do what they could not before, may yet 
be very ufeful to men’s intereft, by difcoverine 
or illuftrating the nature or causes of things. 
For though that famous diftinétion, intro- 
duced by the lord Verulam, whereby experi- 
ments are forted into: luciferous and fructife- 
rous, may be (if rightly underftood)-of com- 
tnendable ufe; yet it would much miflead 


thofe, that fhould fo underftand it, ‘as 1f fruéte 
‘ferous experiments did fo merely advantage our 


interefts, as not to promote our knowledge ; 
or, the experiments called iuciferous, did fb 
barely enrich our underftandings, as to be no 
otherways ufeful. For though fome experi- 
ments may be ficly ‘enough called luciferous, 
and others fruétiferous, becaufe the mote .obvi~ 


‘ous and immediate effect of the one Is 6 


difcover to us phyfiological truths, and - of the 
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other, to enable us to perform fomething of 
ufe to the proffeffor ; yet certainly there are few 


fructiferous experiments, which may not readily . 


become luciferous to tlie attentive confiderer of 
them. For by being able to produce unufual 
effects, they either hint to us the caufes of 
them, or at leaft acquaint us with fome of 
the properties or qualities of the things concur- 
ring to the production of fuch effects. And 
on the other fide thofe experiments, whofe 
more obvious ufe is to detect to us the nature 
or caufes of things; may be, though lefs di- 
rectly, and in fomewhat a remoter way; ex- 
ceedingly fructiferous, For fince, as I have 
formerly obferved, man’s power over the crea- 
tures confifts in his knowledge of them ; what- 
ever does increafe his knowledge, does propor- 
tionately increafe his power. And perhaps I 
fhould not much hyperbolize, if I fhould ven- 
ture to fay, that there is fcarce any confide- 
rable phyfical truth; which is not, as it were, 
teeming with profitable inventions, and may 
not by human fkill and induftry, be made the 
fruitful mother of divers things ufeful, either 
to mankind in general, or at leaft to the parti- 
cular difcoverer and dexterous applier of that 
truth. To countenance this opinion of mine, 
I have already given you fome inftances, and 
referve more for the laft effays of this treatife ; 
efpecially having obferved it to have been a 
fault, which, though prejudicial enough to the 
intereft of mankind, is very incident to the 
more fober and fevere fort of philofophers, and 
perhaps more to them; than to otheis, to con- 
clude every thing to be impoffible, or, at leaft, 
unfit to be attempted, that cannot be per- 
formed by the already known qualities of 
things and ways of applying them ; without 
confidering; that as many fimples of excel- 
Jent virtues grow in wilderneffes, and not by 
the highway’s fides fo divers admirable pro- 
perties of things may be found, out of the 


cuftomary progrefs, or beaten roads (if I may 


fo fpeak) of natute; dnd that philofophers 
are oftentimes deceived, when they think they 
think they may have made a true and perfect 
analyfis of the poffible ways; whereby fuch and 
fuch effects may be produced: For nature by 
her fubtlety oftentimes tranfcends and illudes 
the greateft fubtlety of human ratiocinations. 
And as fhe may have quite other ways of 
working, than we are aware of, fo the know- 
ledge of fome peculiar and concealed pro- 
perty of a thing may enable them, that are 
acquainted with it, to perform that with eafe, 
which, by the known qualities of things, is 
either not at all to be performed, or not with- 
out great difficulty. | 

THis feeming paradox you may find in 
due place confirmed ; and in the mean while, 
to return to thofe learned men; who having 
attempted fome things, and poffibly performed 
a few in natural philofophy, would keep the 
world from expecting any great matters from 
it, I fhall venture to fay of them, that as the 
Jewifh fpies, though they brought their coun- 
trymen out of the land of Canaan, fome few 
of the goodly fruits of that foil, yet bringing 
them withal a difcouraging account of the dif- 
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ficulties they were like to meet with in con- 
quering it, did the J/raelites more harm by 
their defpondency, than good by their fruits ; 
fo divers of the authors we are {peaking of, 
though they may have prefented us, with fome 
acceptable fruits of their enquiry into experi- 
mental learning, yet by bringing up an ill 
report concerning the ftudy of it, and thereby 
deterring irrefolute perfons from addiéting 
themfelves ferioufly to it, they have more pre- 
judiced them by their defpondency, than advan- 
taged them by their experiments. And though 
I dare not, a chemift would not, {cruple to per- 
fue the fimile, and tell you, that as only thofe 
two of the fpies; Caleb and ¥ofbua, who made 
no doubt but; that they fhould conquer the 


er 


fertile (though never fo well fortified) land of © 


Canaan, did really poffefs it, all their difani- 
mated brethren wandering and dying in the 
wildernefs ;_ fo none but thofe generous attemp- 
ters, that dare boldly venture upon the diffi- 
culties, that furround the knowledge of nature, 
are like profperoufly to overcome them, and 
poffefs what they contend for. . | 

But I muft leave this digreffion to proceed 
to the laft advettifement 1 am to give you, 
which is; that I know you may poffibly ex- 
pect, that I fhould fay fomething to you di- 
ftinctly of the chief nieans; by which the natu- 
talift may probably advance trades; and affitt 
man, by the bleffling of the author of nature, 
to recover part of his Joft empire over the 
works of nature. And I confefs; I have more 
than once had thoughts ofa kind of projec (if 
I may fo call it) for the advance of experi- 
mental philofophy, confifting of fuch heads as 
thefe: a profpect of what probably may be 
attained to in phyficks (both as to theory and 
practice.) A fummary account of what is at- 
tained already. The imperfectnefs of our pre- 
fent attainments. What helps men now enjoy. 
‘The incompetency of our prefent helps. The 
hindrances and the caufes of them. And the 
means and helps, that may beemployed. To 
which other heads might in cafe of need be 
added.But notwithftanding the expe¢tations you 
may have, that I fhould handle fuch fubjeéts, 
and the thoughts I have had about them ; I pur- 
pofely waved the treating of them by them- 
felves in the enfuing effays; partly, becaufe 
thefe unelaborate difcourfes are not defigned 
for a juft treatife on the fubjeéts handled in 
them, containing but fuch loofe experiments 
and obfervations, as could without too much 
impoverifhing other papers, be put together on 
this occafion ; and partly, becaufe I have in 
effect been careful to mention feveral of thofe 
things, that you might expect to find fepa- 
rately treated of ; but knowing, that a far lefs 
difcerning eye than your’s may eafily, if 
there be occafion, diftinguifh them, I thought 
it more convenient to interweave them with 
the other parts of the following difcourfe, fince 
every propofition of a probable way.to improve 
philofophy is alfo a ground of expecting thofe 
advantages, that may be hoped for from phi- 
lofophy improved. 
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That the Empire of Maw may be promoted by the Na- 
turalift’s skillin MATHEMATICKS, (as well pure, 


as mixed. ) 


_ that are thoroughly fkilled in the abftrufer 
myfteries of the mathematicks, to difcourfe 

of thofe difciplines; the ttle of this effay, 
would, I fear, (Pyrophilus) make you think 
me guilty of prefumption, fince you may per- 
chance remember, that when you were con- 
verfant about thofe ftudies, I confeffed to you, 
that the great authority of fome famous mo- 
dern naturalifts had, for a while, diverted me 
from making any great progrefs in thofe {ciences, 
by their refolute denying them to be ufeful to 
phyfiology. But, as I do not pretend to have 
taken that pains, which elfe I might have 
done, to become a fpeculative geometrician ; 
fo I confider, that without underftanding as 
much of the abftrufer part of geometry, as 
Archimedes, or Apollonius, one may under- 
ftand enough to be affifted by it in the con- 
templation of nature ; and that one necds not 
know the profoundeft myfteries of it, to be 
able to difcern its ufefulnefs. And therefore I 
fhall venture to propound fomething to you 
concerning this laft named fubject, efpecially, 
fince otherwife you may be influenced, as 1 
once was, by the great authority of thofe mo- 
dern philofophers, who would have the ufe of 
mathematicks, as difciplines, that confider only 
abftraéted quantity and figure, to be rather 
hurtful than advantageous to a naturalift, the 
object of whofe ftudies ought to be matter. 
But though thefe endeavour to keep men 
from thinking the mathematicks to be of any 
great ufe toward making a man a good natu- 
ralift, by alledging the extravagant opinions 
that Kepler himfelf, who was mathematician 
to three emperors, and fome other modern 
aftronomers, have broached or maintained con- 


| it were not allowable for any but thofe, 


cerning matters phyfiological ; yet I confefs, 
that after I began, by reflecting upon divers 
of my experiments, efpecially mechanical, to 
difcern how ufeful mathematicks may be made 
to phyficks 3 I have often wifhed, that I had 
imployed about the {peculative part of geome- 
try, and the cultivating of the {pecious Alge- 
bra I had been taught very young, a good part 
of that time and induftry, that I {pent about 
furveying and fortification, (of which I re- 
member I once wrote an entire treatife) and 
other ‘practick parts of mathematicks. And 
indecd, I think, that a competent knowledge 
in mathematicks (for a profound one is not al- 
ways neceflary) may be fo ferviceable to thofe, 
that would become philofophers, that I fhall 
not fcruple to mention it as another thing, 
which may increafe your expectation from phy- 
fiology, that thofe, who pafs for naturalifts, 
have, for the moft part, been very little, or not 
at all, verfed in the mathematicks, if not alfo 
jealous of them. And I the lefs fcruple to 
write to you on this fubject, becaufe I do not 
know, that others have prevented me: for 
though the learned Clavius, and fome other 
expofitors of Euclid, have faid much of the 
ufefulnefs of geometry to other mathematical 
difciplines ; and though not a little has been 
faid in the praife of mathematicks in general ; 
yet it is left free for me to difcourfe to you of 
(what is the fubject of this effay) the utility of 
mathematicks, in reference to modern phyficks, 
and therein not only to the notions of the cor- 
pufcular philofophy, but even to practical and 
experimental knowledge. 

N ow there are feveral fcores, upon which 
{kill in mathematicks may be ufeful to the 
experimental philofopher. For there are fome 
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general advantages, which mathematicks may 
bring to the minds of men, to whatever ftudy 
they apply themfelves, and confequently to the 
ftudents of natural philofophy; namely, that 
thefe difciplines are wont to make men accu- 
rate, and very attentive to the employment 
they are about, keeping their thoughts from 
wandering, and inuring them to patience of 
going through with tedious and intricate de- 
monftrations; befides, that they much improve 
reafon, by accuftoming the mind to deduce 
Succeffive confequences, and judge of them 
without eafily acquieicing in any thing but de- 
monftration. 

AND indeed the operations of fymbolical 
arithmetick (or the modern Algebra) feem to 
me to afford men one of the cleareft exercifes of 
reafon, that I ever yet met with, nothing be- 
ing there to be performed without ftrict and 
watchful ratiocination, and the whole method 
and progrefs of that appearing at once upon 
the paper, when the operation is finifhed, 
and affording the analyft a lafting, and, as it 
were, vifible ratiocination. 

But, Pyrophilus, I may not infift on thefe, 
or the like general ufes of pure mathematicks, 
fince there are divers others, which more 1m- 
mediately refpect natural philofophy. 

Anp to fhew this the better, give me leave 
to premife to the following particulars, a couple 
of obfervations. 

Tue firft is, that the phenomena, which 
the mathematician concurs to exhibit, do real- 
ly belong to the cognizance of the naturalift. 
For when matter comes once to be endowed 
with qualities, the confideration how it came 
by them, is a queftion rather about the agent 
or efficient, than the nature of the body it felf. 
So the image or picture, that a man fees of his 
face in a looking-glafs, though that be anh arti- 
ficial body, falls as well under the fpeculation 
of the naturalift, as when the like picture is 
prefented him by calm and clear water. And 
the rain-bows, that are often artificially made 
in grottos, by difperfing the water of fountains 
into drops and fhowers, have a juft title to his 
contemplation, as well as the rain-bow that is 
formed in the clouds. And the echoes, that 
are admired in fome of thofe grottos, purpofe- 
ly and artificially contrived to afford rare ones, 
do as well belong to his cognizance, as thofe 
that nature makes in ruder dens, and other ca- 
vities of hills and mountains. And indeed 
‘moft of thofe phanomena require (for the 
main) the fame folutions, whether the flcill of 
man do or do not intervene to exhibit them. 

Tue fecond confideration, which I am of- 
ten obliged to repeat, is this; that fince man’s 
power over the creatures depends chiefly upon 
his knowledge of them, whatever ferves to in- 
creafe confiderably his knowledge, is likely, 
either directly, or in its confequences, to add 
to*pis power: which two advertifements being 
thus given you, Pyropbilus, I now advance to 
the particulars, whofe mention they made me 
fufpend. 

1. Ano firft, thefe difciplines teach men 


the nature and preperties of figures, both up- 
Vou, II. 


on furfaces and folids, and the ‘relations ‘fur 
they can icarce be properly called proportions) 
betwixt the furface and folidity of the fame bo- 
dy. Itis true, that matter, or body, is the 
fubject of the naturalift’s fpectilations ; but if it 
be alfo true, that moft, if not all the operations 
of the parcels of that matter (that is, of natu- 
ral bodies) one upon another, depend upon 
thofe modifications, which their local motion 
receives from their magnitude and their figure, 
as the chief mechanical affections of the parts 
of matter; it can fcarce be denied, that the 
knowledge of what heures are, for inftance, 
more or lefs capacious, and advantaged or dif 
advantaged, for motion or for reft, or for pe- 
netrating or refifting penetration, or for the 
being faftened to another, &c. muft be of con- 
fiderable ufe in explicating many of the phe- 
nomena of nature; and it is fuffciently known, 


how much of the doctrine of figures may be ° 


learned from geometricians, who treating ex- 
prefly and copioufly of triangles, circles, fut- 
faces elliptical, parabolical, hyperbolica!, and 
other plain figures; as alfo of ipheres, cones, 
cylinders, and efpecially prifms, pyramids, cubes, 
and regular bodies, intimate alfo the me- 
thods of judging of the figures of other bodies, 
that are either compofed of them, or ray, 
by reafon of fome analogy, be referrcd to 
them. 

THERE are divers properties, as well of 
planes and folid figures, and their habitudes 
to each other, as of fuch lines as are defcribed 
by motions, or wherein motions may be made ; 
the knowledge whereof may be of good ufe 
not only to the fpeculative naturalift, but the 
practical. 

To know the proportion, that Archimedes 
has demonftrated to be between a fhere and a 
cylinder, and either of thofe to a cone fv and 
fo qualified ; or to know, that a triangular py- 
ramid is the third part of a prifm, having the 
fame bafe and height; and in a word, to know 
the proportions between geometrical bodies, 
may fometimes be of good ufe, in cafes, where 
we can procure the one, and not the other, or 
at leaft not fo well as the other. Of this an 
inftanct is given us by the ingenious Marinus 
Ghetaldus, (as I find him cited by a late ma- 
thematician) who tells us, that Ghetaldus find- 
ing it very difficult to procure an exact me- 
talline fphere, wherewith to examine the pro- 
portion, in point of weight, between heavy bo- 
dies of the fame bulk, found, that yet he could 
get a cylinder of tin to be turned true; and 
having therewith made his experiments or ob- 
fervations, it was eafy for him, knowing out 
of his Archimedes, that the proportion of a cy- 
linder, whofe bafis is equal to one of the great 
circles of a fphere, and whofe height is equal 
to the diameter of that fphere, is to that 
{phere in ratione fefquialterd, as they {peak, 
1.e. has the fame proportion, that three has to 
two; it, was, I fay, eafy for him, who had 
often had occafion to weigh his cylinder exact- 
ly, by fubtracting a third part of the whole 
weight, to find in the remainder the defired 
weight of a fphere of tin, whofe diameter was 

equal 


— 
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equal to that of the bafis, or to the height of 
the cylinder *: which weight of a {phere of a 
known diameter being once obtained, he de- 
duced from them the weights of the other 
{phercs he had occafion to imploy, about the 
conftruétion of thofe tables, which have been 
much made ufe of by divers fucceeding mathe- 
maticians. And what applications I have made 
of the fame Archimedean theorem, I may elfe- 
where inform you. 

It being alfo taken for granted by divers 
modern geometricians and engineers, that the 
excellent Galileo, and his not degenerate dif- 
ciple Yorricellius, had demonftrated the line, 
which a heavy body, projected, and even the 
bullet, fhot out of a cannon, defcribes, to be 
parabolical ; it may be of moment in the prac- 
tice of gunnery, and in reference to divers ex- 
periments to be made with other projeéted bo- 
dies, to be well verfed in the nature of the pa- 
~ yabola and parabolical lines, which are alfo 
thought to be capable of doing wonders in 
burning-glaffes, in cafe thefe metalline {pecula 
can be brought to a parabolical figure ; one of 
whofe remarkable properties is, that all the 
beams, that, being parallel to the axis, fall 
upon the internal fuperficies, are reflected to 
one point or focus; where confequently, if the 
burning-glafs be any thing large, the heat muft 
be very intenfe, efpecially in comparifon of a 
fpherical burning-glafs of the fame bignefs. 

Anp as for delightful and recreative expe- 
riments, you will eafily allow me, that there 
are abundance of catoptrical ones of that fort, 
which depend upon the figure of {pherical, cy- 
lindrical, and other forts of reflecting glaffes. 

2. I might here tell you, Pyrophilus, that 
pure mathematicks themfelves, fetting afide 
the affiftance they are wont to give to mixed 
mathematicks, may be of ufe to human life, 
anc to the experimental naturalift ; of which I 
fhall give you, as a fpecimen, this notable 
example. 

THE properties of arithmetical and geo- 
metrical progreffions in numbers feem to have 
very little to do with the practice of weighing 
out things in fhops and warehoufes. ‘And yet 
by the knowledge of the double progreffion, 
beginning from an unite, (as arithmeticians call 
that, wherein the confequent is ftill double to 
the antecedent) as 1,2, 4, 8. a great deal of 
cumber, and fometimes of charge, may be 
faved. For with three weights you may weigh 
all the pounds, that are from one to feven in- 
clufively ; with four weights, all thofe that ex- 
ceed not fifteen pound; upon which obferva- 
tion is grounded the divifion of fome boxes or 
fets of weights, ufed by our goldfmiths. And 
if you would, as is very ufual, put weights 
(when there is occafion) in both fcales, to help 
the thing to be weighed to bring the ballance 
to an equilibrium, than the tripple progreffion 
(1. e, where the numbers increafe in a triple 
proportion, as 1. 3. 9.) has a much more no- 
table property for our purpofe; by confidering 
which, the induftrious Stifelius concluded, that 
by three weights, you may weigh any number 
ef pounds from one to thirteen inclufively; 
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with four weights, any number of pounds 
from one to forty inclufively; with five weights, 
any number of pounds not exceeding fixicore 
and one; and with but fix weights, any number 
of pounds irom one to three hundred and fix- 
ty four, But the method of ordering fo few 
weights to ferve fo many purpofes is beit 
found out by fymbolical arithmetick, or alge- 
gra, by which I have taken vleafure to work 
io fine a problem ; which, becaule it is appli- - 
cable, not only to pounds, but to the parts of 
pounds, and thofe of differing dencminations, 

it may be of fo great ufe to you, if ever you 

bufy your felf about ftatical experiments, that 

I fhall to the end of this effay annex a table, to 

fhew, what weights are to be taken in every 

poffible cafe, which I found ready calculated to 

my hand by the ingenious Frazcifius.a Schooten, 

profeffor of mathematicks at Leyden. 

To the former inftance, of the uie chat an 
experimenter may make of pure mathematicks, 
I might, if it could be fufficiently delivered in 
a few words, add the method of computing 
the combinations, that may be made of any 
number of things propofed, which fome ma- 
thematicians call Regula combinatoria. For 
though I remember not to have found this 
method fully handled in any one author, even 
among the modernalgebricians; yet, as it is deli- 
vered by fome arithmeticians, it is by no mcans 
to be defpifed, but, as it may be managed by 
fymbolical arithmetick, it will, if I miftake not, 
want nothing, but the being fkilfully applied 
by the naturalift, to be on certain occafions ve- 
ry ferviceable to him. 

3. We may take.notice in the next place, 
that mathematicks may much help the natu- 
talift, both to frame hypothefes, and judge of 
thofe, that are propofed to him, efpecially fuch 
as relate to mathematical fubjects in conjun¢tion 
with others. 

Wuar wretched theories the ignorance of 
mathematicks has made naturalifts, otherwife 
very confiderable in their way, frame and pro- 
pofe, may be evidently fhewn in the accounts 
that LEpicurus, and his paraphraft Lucretius, 
give of the fun, and other celeftial bodies..- 
And indeed what fatisfactory account can be 
given of the varying lengths and viciffitudes 
of days and nights, and the eclipfes of the 
fun and moon, the tations and retrogradations 
obferved in planets, and other familiar celeftial 
phzenomena, without fuppofing thefe oreat 
mundane bodies to have fuch fituations in re- 
{pect to one another, and to move in fuch 
lines, or at leaft to be made to appear to move 
in them by the motion of the earth in fuch a 
pofition, and in fuch lines? Nay, how with- 
out the knowledge.of the doétrine of the {phere 
will the naturalift be able to make any fober 
and well grounded judgment in that grand and 
noble problem, which ts the true fyftem of the 
world ? which is endeavoured to be folved after 
fuch differing manners by the Ptolomzans and 
Peripateticks, by the Tychonians and by the 
Copernicans, both lefs and more modern, ~ 

Tuat then the knowledge of celeftial 
bodies is not well to be attained, nor confe- 

guently 
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quently the theories, propofed of them, to be 
intelligently judged of, without arithmetick 
and geometry (thofe wings, on which the aftro- 
nomer foars as high as heaven;) he mutt be 
very little acquainted with aftronomy, and par- 
ticularly with the various; and too often in- 
tricate theories of planets, that can doubt. And 
truly, when I confider the aftonifhing diftance 
and immenfity of the celeftial bodies; and 
thofe almoft numberlefs fixed ftars (each of 
them perhaps much vafter than the whole 
earth,) which in a clear night I take pleafure to 

aze at through the better fort of telefcopes,. 
both in the milky way, and in other parts of 
the fky, that feem not fo much as whitih to 
our eyes; T cannot but highly prize a fcience, 
that acquaints us, that what we know of fo 
much of the univerfe as the globe we inhabit 
and call the world, is but a point to it, taking 
up a little more room in it, than a phyfical 
center in the {phere. 

Tue ufefulnefs alfo of pure mathematicks to 
geography is likewife evident : and fure inqui- 
fitive men ought not to defpife this and the 
former part of learning, without which, as I 
was lately faying, they cannot know fo much, 
as whether the earth we live upon, moves or 
ftand ftill. 

THERE are alfo divers phenomena of na- 
ture, that are neither aftronomical, nor geo- 
graphical, where the ufefulnefs of mathe- 
maticks is manifeft enough. For as to the 
phenomena of that fenfe, to which the natu- 
ralift is moft beholding, fight, what a pitiful 
account is given of them by thofe Anftotelians, 
phyficians, and other writers, without excep- 
ting many good anatomifts, that have been 
ftrangers to mathematicks, in comparifon of 
what has been done (not to mention £uclid, 
Albazen, and Vitelius) by Kepler, Scheiner, 
Herrigon, and fome other modern mathe- 
maticians. 

Awp it is evident to thofe, that are ac- 
quainted with dioptricks, that without fome 
knowledge, not only of the properties of con- 
vex bodies, and of the laws of refraction from 
and towards the perpendicular, (as the matters 
of opticks fpeak) but alfo of the properties of 
lines, as circular, parabolical, hyperbolical, &c. 
and figures, as ellipfes, circles, parabolas, hy- 
perbolas, 8c. it is almoftimpoffible, either well 
to explicate moft of the phanomena of that 
nobleft of our fenfes, fight it felf, or to make 
a well grounded judgment of others explications 
of them. He, that is altogether a ftranger to 
this part of mathematicks, will fcarce be able 
to conceive the reafon of the admirable fabrick 
of the eye, and how the chriftalline humour 
does by its convex figure (like a lenticular glafs) 
refraét and converge the beams, (or at leaft the 
pencils) that proceed from the vifible object, 
that they may paint the more lively picture of 
it upon the retina at the bottom of the eye: 
nor will he underftand why, by reafon of the 
decuffation of the beams within the eye, this pic- 
ture muft be made inverted, though we appre- 
hend the objects themfelves ina right pofture ; 
nor why {mall objects, placed near the eye, 
where they are feen under a wideangle, appear 


as big, as very much greater, that are {een at 
a greater diftance from it. And much lefs will 
he be able to underftand the reafon of thofe 
many delufive apparitions; exhibited by con- 
cave, convex, conical, and cylindrical glaffes, 
the catoptricks, or doctrine of reflex vifion, 
belonging yet more to the mathematicks than 
dioptricks do. 

4. AnD fince that from the magnitudes of 
divers bodies, or of feveral parts of the fame 
body, and fo likewife from their degrees of ce- 
Jerity in their motion, there will arife a certain 
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refpect; which if they be but two, geometri- . 


cians call a ratio, and if more than two, a pro- 
portion, (though thefe terms are oftentimes 
confounded, and promifcuoufly employed by 
authors:) and fince proportion is fo frequently 
to be met with in the works of him, who byan 
eminent, though apocryphal writer; is truly 
{aid to have made all things in number, weight, 
and meafure ; and fince the dottrine of pro- 
portion, as fuch, belongs to the mathematician, 
as the nobleft part of thofe fciences he treats of ; 
I think it may fafely enough be affirmed, that 
he, that is not fo much as indifferently fkilled 
in mathematicks; can hardly be more than in- 
differently fkilled in the fundamentat principles 
of phyfiology.. Nor perhaps would it be rafh 
to fay, that the fifth book of Euclid’s elements, 
where the doctrine of proportions is chiefly de- 
livered, may prove more inftructive to the na- 
turalift, than the fifth book of Ariftotle’s phy- 
ficks. And therefore I donot fo much wonder, 
that Plato fhould over the gate of his fchool 
place an infcription, (ddd dysoperent@- cicirw) for- 
bidding the entrance to perfons unacquainted 
with geometry, as unfit to judge of what was 
there taught. 

Nay this, though you may think it ftrange, 
is very true, that there are fome confiderable 
phznomena of nature, which are fo far from 
being explicable by their caufes, that men can- 
not fo much as underftand what is meant by 
them, without fome knowledge of the do¢trine 
of proportions. As, for inftance, when the 
teacher of opticks tells us, that the increments 
of light are ix duplicaté ratione difantiarum, 
fecundum quas & corporibus recedunt, a quibus 
primum efficiuntur ; he, that knows nothing of 
proportions, cannot tell fo much as what they 
mean by this theorem, much lefs whether or 
no it be true. And fo, when the fame propo- 
fition 1s by the diligent Mer/ennus * applied alfo 
to founds, a common reader would not atall un- 
derftand him, if he did not add by way of ex- 
planation, that if, for inftance, the noife of a 
piece of ordinance be heard a league off, that 
noife will be four times ftronger, if it be heard 
but at the diftance of half a league. Nor will 
this example it felf give fuch a reader, as we 
{peak of, a clear underftanding of the propofed 
theorem. But a confiderabler inftance in this 
kind may be afforded us by the noble difco- 
very of the moderns, efpecially Galileo, who 
obferve, that when a heavy body defcends 
through the air, the fpaces paft through, from 
the beginning to the end of the motion, are 
among themielvés ina (not double, but) du- 
plicate ratio of the moments or equal — 
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of time fpent in the full; which requires the 
knowledge of what a duplicate proportion 1s, 
to be well underftood: but it may in fome fort 
be explained, and fo noble a phenomenon 
muft not be here omitted, by faying, that Ga- 
lileo afirms himfelf to have obferved, that a 
brafs bullet of 100 pound will, in the {pace of 
one minute of an hour, defcend an hundred 
Florentine cubits, (which fome reckon to be 
180 feet of ours, and confequently, faith Mer- 
fenuus, four cubits in one fecond, or fixtieth 

art of a minute; and by adding, that the 
bullet falls in fuch a ratio, that the acceleration 
of the motion is made according to the pro- 
greffion of odd numbers, beginning from an 
unite, or one; fo that if in the firft moment 
of time the weight fall down one fathom, in 
the fecond moment it muft defcend three fa- 
thom; inthe third, five fathom; in the fourth, 
feven; in the fifth, nine: inthe fixth, eleven ; 
and fo onward. Whence Merfennus gives this 
rule, to know how far the weight will defcend 
in a determinate time affigned; and by know- 
ing how far it has defcended, to calculate how 
long it was in falling. * Regula generalis, fays 
he, bec eff. Si dentur tempora, €8 querantur 
fpatia, quadrentur tempora, 9 babebuntur ra- 
tiones fpatiorum. Si dentur fpatia, S queran- 
tur tempora, inveftigetur latus fpatiorum, & 
dabitur ratio temporum. 

Divers other inftances might be produced, 
to manifeft the requifitenefs and advantageout- 
nefs of fome knowledge in mathematicks to a 
fpeculative naturalift: but I fhall content my- 
felf to name one more, viz. that the grand 
theorem or rule of the ftaticks, that in the bal- 
lance, or refembling inftruments, the propor- 
tion betwixt the equivalent weights, and their 
diftances from the fulcimentum or prop, is 
reciprocal, (fo that it is ufual with butchers, 
and other tradefmen, to weigh in the ftatera, 
commonly called the ftiliards, 10 or 20 pound 
weight, for inftance, hung near the fulciment, 
with one pound weight, placed on the other 
fide of the beam, at 10 or 20 times diftance 
from it,) and many other theorems, that ferve 
to explicate the properties of the grand inftru- 
ment of nature, motion, (efpecially as produced 
or modified by weight, or equivalent force va- 
rioufly adapted, and applied) cannot well be 
underftood without an infight into geometry, 
and efpecially the doétrine of proportions ; and 
how much the knowledge of the principles and 
theorems of the mechanicks may affift the na- 
turalift, both to explicate many of nature’s 
phzenomena, and to try experiments, and 
work great changes on her productions, men 
will then more readily confefs, when they fhall 
better difcern how many of her works are but 
engines, and do operate accordingly. 

5. AND give me leave, Pyrophilus, to add 
in this place, that the doctrine of proportions, 
as it 1s the foul of the mathematicks them- 
felves, fo it may be of valt, though perhaps 
yet unheeded, ufe in phyfiology too; not only 
as it helps the naturalift (as we have newly 
{een it does) to underftand divers phenomena 
of nature, but as it may enable him to per- 
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form divers things, which he could not per- 
form without it; of which though IT may 
have occafion to give you hereatrer in other 
papers feveral examples, yet I thall now men- 
tion two or three for illuitration fale. 

Tuar the pendulum is the aecurateft in- 
ftrument, that we yet have of meafuring ‘hort 
{paces of time, I prefume you do not doubt: 
and I need nottell you, that he, who would 
know what length a pendulum mutt be of, to 
meafure by its {wing fome determinate fpace 
of time, as, for inftance, a half tecond, (or 
half the fixtieth part of a minute,) muft find 
it out by trial and obfervation, if he be not un- 
acquainted with the doétrine of proportions: 
but in cafe he is verfed in that, as well as in 
the phenomena of pendulums, he may from 
the length of one pendulum, that exactly mea- 
fures a known part of time, without making 
particular trials and obfervations, deduce the 
length of pendulums that will ferve to meafure 
other divifions of time. For inftance, that di- 
ligent obferver Merfennus affures us, that he 
found by frequent trials, that a flender itring 
with a piftol or mufket bidlet ar the end of it, 
whofe length ceomprehsnaing the bullet was 
three foot and a halt, (ellewhere he mentions 
three foot anc a 27th) vibrates fecond (mi- 
nutes:) this now being taken for granted, and 
it being a received thecvem concerning pen- 
dulums alike ia all thii.2s but length, that the 
lengths are in duplic::t= proportion to the times 
in which their vilrutions are refpectively per- 
formed, or are &: che fquares of the vibrations 
they perform :n the fame time, and confe- 
quently, the times are in fubduplicate propor- 
tion to the lengths of the pendulums; if a 
man would, as I was faying, have a pendu- 
lum that fhall vibrate half-feconds, he muft 
not take, as one unacquainted with thefe things 
would be apt to do, a pendulum of a foor 
and three quarters, which ts one half the length 
of that which vibrates a whole fecond, for 
fuch a pendulum would prove much too long 
for his purpofe, nor need he by multiplied ob- 
fervations laborioufly find cut how much it is 
too long, (which oftentimes for want of a 
{tandard he cannot do,) but fince the propor- 
tion between a fecond and half a fecond is dou- 
ble, and the proportion betwixt the length of 
the ftrings, that are to vibrate thefe two dif- 
fering fpaces of time, muft be duplicate of the 
proportion of the times themfelves, it follows, 
that the length of the ftrings muft be as four 
to one, which isthe duplicate of the propor- 
tion of two to one, and fo the length of the 
fhorter ftring muft be but a fourth of that of 
the longer. : 

Tus, if it were needful, might be con- 
firmed by a problem of the learned Ricciolo’s, 
whereof I fhall here give you an example, be- 
caufe I may hereafter have occafion to fhew 
you the farther ufe of it. Let us then fuppofe, to 
avoid fractions, that a pendulum, that vibrates 
feconds, 1s three intire foot long, (as indeed 
fome modern mathematicians tell us it is, and 
as it may well be according to the meafures 
ufed in fome places.) If then you multiply 3600, 
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the fquare of the vibrations, which are 60, 
that your three foot pendulum makes in a fe- 
cond, by the length of the pendulum, which 
is 36 inches, and divide the product, viz. 
129600, by g inches, the fourth part of the 
Jength of the former pendulum ; and if laftly, 
of the quotient (14400) you extract the fquare 
root, you fhall find it to be 120, that gives 
you the number of vibrations, that will be made 
in a fecond by a pendulum of nine inches 
Jong, and this root being twenty, which ts the 
double of fixty, you may fee, that to make a 
pendulum, that fhall vibrate half-feconds, 1t 
mutt be but one quarter as long as that, which 
vibrates whole feconds. And if I thought you 
were like to think thefe rules as ftrange, as a 
perfon wholly unacquainted with the nature of 
pendulums, and the doctrine of proportions 
may do; I would invite you to confult expe- 
rience, as I have purpofely done in differing 
pendulums, that divide a minute into feconds, 
half feconds, and quarter-feconds; fince though 
your trials fhould not be very nicely made, 
they may fuffice to perfuade you, that the 
above-mentioned rules are either accurately 
true, or at leaft true for the main, and therefore 
true enough to be very ufeful in many occur- 
rences. 

To the above-mentioned inftances afforded 
by pendulums I fhall here add but one mire, 
that comprehends many thoufands; for the 
art of cornpofing df that preat variety of har- 
monious tunes, that makes mufick fo delight- 
ful to us,- depetids upon the doétrine of pro- 
portions. And he, that being well fkilled in 
that, knows how to apply it to the notes or 
words propofed, according to the obfervations, 
which experienée has afforded, of the grateful- 
nefs of fuch and fuch confonancies, &c. may 
out of his own head compofe a ftrange variety 
of new and pleafing tunes, which are fo many 
exercifes,that man makes of the power his {kill 
gives him over the bodies, of which his mufical 
thf{traments confift; and over thofe which they 
affect. 


6. I know not, Pyrophilus, whether I may’ 


not reckon amongft the advantages, that ma- 
thematicks may afford the naturalift, that they 
will in many cafes fuggeft to him divers new 
experiments, whereby to vary thofe, wherein 
the figures of bodies, the lines of motion, as 
alfo numbers, proportions, and the like affec- 
tions, which the mathematician is wont to 
treat of,, may come into confideration. For 
it is very likely, that thofe fuggefted experi- 
ments, which either would not be thought on, 
or could not be’ fkilfully propofed, by a perfon 
not verfed in mathematicks, may, either im- 
mediately, or upon the {core of the applications, 
that may be made of them, prove ferviceable 
to men: of which Ihope in one of the follow- 
ing efflays, to give you fome inftances. 

_ Icare not to mention to you, how great a 
variety of trials and obfervations, about the 
beft way of levelling great guns, and the dif- 
fering diftances, to which they will carry at 
fuch and fuch elevations, and the lines de- 
fcribed by the motion of the bullet, and other 
particulars belonging to the art of gunnery, 


Vou. I. 


have been propofed and tried, upon the hints 
fuggefted by geometry’s mathematical difciples 
(efpecially) and others, becaufe many good 
men with thefe fatal arts had been lefs under- 
ftood. And therefore I fhall rather put you in 
mind of the great variety of pheromena, 
which pure mathematicks have helped men to 
difcover and derive from thefe familiar obfer- 
vations; that a beam of light, paffing through 
differing mediums, is not continued in a 
{treight line, but broken or refracted ; and, 
that in fuch and fuch conjunctures of circum- 
ftances, the fun or moon will fuffer an eclipfe, 
that will obicure fuch a part of the body, and 
laft from fuch a time.to fuch atime: from 
which obfervations of eclipfes divers very con- 
fiderable things have been deduced by mathe- 
maticians, not only as to aftronomy, but alfo 
geography, navigation, and chronology. And 
he that confiders, what the doctrine of propor- 
tions, and of concords (or, as our muficians 
call them, cords,) and difcords, has contributed 
to the great number of muofical inftruments, 
that have been actually made, and delightfully 
practifed, and that it may afford the naturalift 
divers hints applicable to other purpofes, (which 
I fhall hereafter have occafiori to intimiate,) he, 
I fay, that confiders thefe things, efpecially if 
he be alfo acquainted with ingenious, pleafant, _ 
and fome of them ufeful, experiments; that 
have been or may be derived from the obfer- 
vations, that when 4 beam of light falls upon a 
body, and rebounds from it, the angle of inci- 
dence is equal to that of reflection; that if the 
fuperficies of the body be curve, the angle is 
to be eftimated as if it fell upon a tangent to 
that fuperficies; that if the beam penetrate 
the body, and come to it through a thinner ~ 
medium, it is refracted towards the perpendi- 
cular, if through a thicker medium, from the 
perpendicular; he, as I was faying, that thal] 
confider thefe things, and withal, what a great 
variety of propofitions, as well problems as 
theorems, have been deédticed by mathema- 
ticians by the help of thefe few obfervations, 
and of as few propofitions touching the place 
of the object feen by the help of fpecular and 
dioptrical glaffes, will eafily grant, what by 
fo many inftances I have been endeavouring to 
prove. | 

+. I come now to the confideration, where- 
with I fhall conclude this effay, viz. that divers 
difciplines, that are reckoned amongft the 
mixed mathematicks, are chiefly practical, 
and may affift the naturalift in making expe- 
riments and obfervations, which he either 
could not make, or could not make fo accu- 
rately without them: as may appear, partly by 
the art of dialling, which teaches how to mea- 
fure time, and tends chiefly to practice ; part- 
ly by the art of perfpective, which is of great 
ufe to reprefent folids and diftances upon a 
fall and plain fuperficies, and is very fer- 
viceable to the limner’s art; wherein if {cholars 
and travellers were more generally conver- 
fant, the hiftory of nature would be far bet- 
ter adorned with lively reprefentations of plants, 
animals, meteors, &c. and alfo by feveral 
parts of the art of navigation, and particu- 
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larly that, which they call hiftriodromia, or 
the doétrineof the lines, by which pilots make 
their fhips to fail. Now if in thefe and divers 
other inftances, that may be given, it muft 
be acknowledged, that mixed mathemnaticks 
may be ferviceable to the naturalift, and affitt 
him to promote the empire of man ; it ought 
not to be denied, that pure mathematicks 
themfelves, as vulgar arithmetick, geometry, 
and algebra, may be of ufe to the naturalift, 
fince it is from thofe {peculative parts of the 
mathematicks, that not only thefe other more 
practical difciplines are derived, but a greater 
number of thofe difciplines, that are called 
mixed mathematicks, may, according to what 
I elfewhere obferve, be hoped for. For as 
founds and pure mathematicks make up mu- 
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fick, and water with the fame fcicnces make 
hydroftaticks ; fo, as I elfewhere note, by a 
‘further application of the fame parts of _know- 


ledge to other fubjects, (and in fome cafes even 


to the fame) thoie difciplines, that are called 
mixed mathematicks, may be advanced pro- 
bably as to number, as well as certainly as to 
ufefulneffes and variety of experiments. Nor is 
it only in thofe parts of learning, that I have 
now particularly named, that ufeful applica- 
tions may be made of the theorems and pro- 
blems of pure mathematicks, fince upon thefe 
fublime fciences do alfo in great part depend 
thofe other mathematical difciplines, which 
are wont (by a fynecdoche) to be called me- 
chanical, and which it is now time, that I pafs 
on to confider. 
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That the Power of Man may be much promoted by the 
Naturalift’s {kill n MECH ANICKS. 


O prevent the danger of {tumbling 
(as they fpeak) at the threfhold, I 
fhall begin this difcourfe with ad- 
vertifing you, that I do not here take the 
term mechanicks in that ftricter and more 
proper fenfe, wherein it is wont to be taken, 
when it is ufed only to fignify the doctrine a- 
bout the moving powers (as the beam, the 
Jeaver, the fcrews, and the wedge,) and of 
framing engines to multiply force: but I here 
underftand the word mechanicks in: a larger 
fenfe, for thofe difciplines, that confift of the 
applications of pure mathematicks to produce 
or modify motion in inferior bodies: fo that 
in this fenfe they comprife not only the vulgar 
ftaticks, but divers other difciplines, fuch as 
the centrobaricks, hydraulicks, pneumaticks, 
hydroftaticks, balifticks, &c. the etymology of 
whofe names may inform you about what fub- 
jects they are converfant. 
Now thar thefe arts (if you will allow them 
that name) may be of great ufe to the expe- 


rimental philofopher, and affift him to enlarge 
the empire of man, may be made probable by 
this general confideration, that divers of thofe 
things, which in the former effay have been 
evinced to make the mathematicks ufeful to 
the naturalift, may be applied mutatis mutandis 
to the mechanicks alfo. Befides, that thefe 
difciplines have fome advantages peculiar to 
themfelves. But the truth of what is thus re- 
prefented in general terms will poffibly be 
better difcern’d, and more perfuafive, if we 
defcend to fome particulars. 

I. First then, the phenomena afforded us 
by thefe arts ought to be looked upon as really 
belonging to the hiftory of nature in its full 
and due extent. And therefore as they fall un- 
der the cognizance of the naturalift, and chal- 


. lenge his fpeculation ; fo it may well be fup- 


pofed, that being throughly underftood, they 
cannot but much contribute to the advance- 
ment of his knowledge, and confequently of 
his power, which we have often obferved to 

be 


to NATURAL PHILOSOPHY. 


be grounded upon his knowlejge, and propor- 
tionate toit. When, for inftance, we fee a 
piece of wood, ducked under water, emerge 
‘again and float, even vulgar naturalifts think, 
that it belongs to them to confider the reafon 
of this emerfion and floating, which they en- 
deavour torender from the pofitive levity, which 
they fancy to be (upon the account of the air 
and fire) inkcrent in the wood, though fome 
woods, that will {wim in water, being put in- 
to oil, or high rectified fpirit of wine, may fink, 

But I fee not, why it fhould not belong to 
philofophers to confider and inveftigate the 
reafon, why one part of floating wood appears 
above the water, whilft the other keeps be- 
neath it; and why the extent part is equal to 
the immerfed, or either greater or leffer than 
it, in fuch a determinate proportion; and why 
the fame wond will fink deeper in fome waters 
than in others, (asin ariver than in the fea) as 
on the other fide fome woods will fink lower 
-than others in the fame water. For if thete 
thingsbe duly examined, as they may by the 
help of hydroftaticks, not only the caufe of 
thefe and the like phenomena will be difco- 
vered ; butby the applications of that difcovery 
an eafy way may be devifed to meafure and e1- 
time at the differing ftrength of feveral falt 
{prings,and alfo of divers kinds of lixtviums,and 
brines; to which may be added divers other prac- 
tical corollaries from the fame difcoveries, which 
I fhall hereafter have occafion to particularize. 

I. THE mechanical difciplines help me to 
devife and judge of fuch hypothefes, as relate 
to thofe fubjects, wherein the notions and theo- 
rems of mechanicks either ought neceffarily to 
be confidered, or may ufefully be fo. 

Or this we haveinftances, not only in thofe en- 
gines, that are artificial, and are looked upon as 
purely mechanical, as the fcrew, the crane, the 
ballance, &c. but in many familiar phenomena, 
in which the theorems of mechanicks are not 
wont to be taken notice of to have an intereft. 
AAs in the cariying a pike or mufket on one’s 
froulder, in the force of ftrokes with a longer 
or fhorter fword or other inftrument, the 
taking up and the holding a pike or {word at 
arms-leneth, and the power, that a rudder has 
to fteer athip; in rowing with boats, in brealk- 
ing of fticks againft one’s knee, and in a mul- 
titude of other familiar inftances,- of which 
the naturalift’s fkill in mechanicks will enable 
him to give a far more clear and folid account, 
than the ancient fchoolmen, or the learnedeft 
phyficians, that are unacquainted with the na- 
ture and properties of the centre of gravity, 
and the feveral kinds of levers, the wedge, &c. 

IIL Nay, there are feveral doctrines about 
phyfical things, that cannot be well explicated, 
and fome of them not perhaps fo much as un- 
dlerftood, withcut mechanicks. 

Tuat, which emboldens me to propofe a 
thing, that feems fo paradoxical, is, that there 
are many phenomena of nature, . whereof 
tnough the phyfical caufes belong to the con- 
(ideration ot the naturalift, and may be ren- 
dered. by him; yet he cannot rightly and fkil- 
jully give them without taking in the caufes 
daca, hycroftatical, &c. Gf I may fo name 


vy 
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then) of thofe phenomena, 1. e. fuch inftances 
as depend upon the knowledge of mechanical 
principles and difciplines. 

Or this we have an obvious example in that 
familiar obfervation, that we partly touched up- 
on juft now about the fwimming and finking 
of wood in water. For if it be demanded, 


‘why wood does rather {wim upon water than 


fink to the bottom of it, a ichool-philofopher 
would anfwer, that wood abounds with air,which 
being an element very much lighter than water, 
keeps it aloft upon the furface of that liquor. But 
this anfwer will fcarce fatisfy a naturalift verfed 
in hydroftaticks, J’or not now to queftion 
what is taken for granted, that there is a pofi- 
tive levity, and that the air is endowed with 
that quality, experience fhews us, that though 
when wood 1s not heavier than fo much water, 
as is equal to it in bulk, it will fwim; yet in 
cafe it be heavier than fo much water, it will 
fink. As we fee in divers woods, and parti- 
cularly in guaicaum, which I therefore the ra- 
ther name, becaufe chemifts obferve, that if it 
be burnt, it leaves far lefs afhes (and fuch are 
fuppofed to contain the terreftrial and heavy 
parts) behind it, than many woods, that we 
know will float in water. . And though {tones 
and iron be, upon the fcore of their weight, 
belicved to be bodies, that have little air in 
them, yet if the liquor,into which they are put, be 
heavier, bulk for bulk, than they, they will 
not fink but float, and if forcibly depreffed, 
they will emerge ; as you may try, when you 
pleafe, by putting ftones or iron, or the like 
ponderous body upon quick-filver, or melted 
lead ; fo that we need not here confider, whe- 
ther air be, or be not predominant in a pro- 
poted body, when we would know, whether it 
wil, or will not fink in an affigned liquor. 

Anp though we fhould admit the air, whe- 
ther included in the pores, or looked upon as 
an elementary principle, to be the caufe of its 
being lighter than an equal bulk of liquor, yet 
the air would be but the remote caufe of its 
{wimming, its immediate caufe being, that the 
floating body is lighter than an equal bulk of 
the liquor, and therefore the fame body, with- 
‘out acquiring or loofing air, may {wim in one 
kind of water, and fink in another. As in 
the cafe of heavy bodies, as loaden fhips, that 
having profperoufly failed over the fea, are re- 
corded to have iunk as foon as they come into 
harbour, i. e. into a more frefh water; and an 
egg, that will fink in common water, will {wim 
in a {trong brine. Nay a body may (as I, and 
others have tried) be fo poifed in water, that 
if the liquor be a little warmer, than when the 
body was poifed in it, the body will fink ; as 
it will emerge again upon the refrigeration 
of it. 

Awop if this general anfwer of the light 
nefs of the air will not give fo good an account 
as hydroftatical principles, why a piece of 
wood will float or fink, it will much lets give 
fo fatisfactory an account, why differing woods 
in the fame water, or the fame piece of wood 
in differing waters, will fink juft fo far, and 
no farther; whereas, by hydroftatical princi- 


ples, the phaenomenon is eafy to be accounted 
for, 
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for, according to that theorem of Archimedes *, 
ESCh Tuy OULEVEY, that folids lighter than the li- 
quor they are put into, will fink in it fo far, as 
that as much of the liquor as is equal in bulk 
to the demerfed part, be equal in weight to 
the whole floating body: whence thefe corolla- 
ries are derived, that a floating body has the 
fame proportion in weight to as much liquor 
as is equal to it in bulk, as the immerfed part 
of the body has to the whole body. And 
likewife, that as much liquor, as is equal in 
bulk to the whole body, has the fame propor- 
tion in weight to the faid body, as the whole 
body has to that part of itfelf, which is be- 
neath the furface of the liquor. And as thefe 
corollaries determine the proportion between 
the immerfed and extant part of the floating 
body ; fo (to fhew you, that thefe theories 
lead to practice) they fuggeft the way of 
making a {mall and light inftrument, elfewhere 
deicribed, to meafure by a floating body the 
differing gravities of feveral liquors in reference 
to one another, as well as to the body ifelf. 
And upon the fame grounds, the learned Ste- 
vinus fhews, that if you know what part of a 
floating body is immerfed in a liquor, whofe 
fpecifick gravity is alfo known, as it eafily may 
be, you may prefently find the weight of the 
whole folid body, let it be never fo much too 
great to be weighed in ballances or ftatera’s, 
yea, though it were a vatt fhip itfelf',; as fup- 
pofing, that that part of fuch a veffel, that 
lies under water, fhould be 100,000 cubick 
foot, and that a cubick foot of water weighs 
70 lb. (which though it be not the weight 
we have obferved a foot of water Englifh mea- 
{ure to amount to, yet that alters not the ge- 
neral rule,) by multiplying 100,000 by 70, 


_ the product will be 7,000,000 Ib. for the weight 


of the whole fhip, with all that is contained 
in it, as ballaft, ordnance, &c. or refts or 
Jeans upon it. If I fhould ask a meer {fchool- 
philofopher, why fucking-pumps will not raife 
water higher than 40 foot, (though it be com- 
monly prefumed they will raife it to any height,) 
or why in an inverted fiphon of glafs, if you 
pour water and quickfilver in a fufficient quan- 
tity, the furface of the water in one leg of the 
fiphon, will not be in a level with the furface 
of the quickfilver in the other, but 13 or 14 
times as high above the bottom of the fiphon : 
or why, if a piece of iron, anda piece of mar- 
ble or a flint, &c. be equiponderant in the air, 
if the fcales be let down into the water, the 
metal will appear far heavier than the ftone: 
if, I fay, I fhould afk a meer naturalift both 
thefe or the like queftions, I doubt I fhould 
much more perplex him, than he would {fatisfy 
me. And it were eafy to add a multitude of 
examples, whereof a good account will fcarce 
-be given by a naturalift, that is unacquainted 
with mechanicks, and may eafily be affigned 
by one that is fkilled in them. But referring 
the ichoolmen to 4riffotle’s mechanical quef- 
tions, to fhew them the neceffity and ufefulnefs 
of mechanical knowledge, to give the folution 
of fundry phenomena, that frequently occur, 
I will only add an example or two to make 
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good the moft paradoxical part of what I was 
faying ; namely, that there are divers phyfico- 
mechanical phenomena, which are not to be, 
I fay not explicated, but fo much as well un- 
deritood, without the knowledge of mechani- 
cal difciphines. 

THERE is a confiderable theorem in hy- 
droftaticks, which is thought to have been firft 
taken notice of by Merfennus, and in a late 
writer, 1s thus exprefled: Velocitates motus 
aqua defcendentis &D effiuentis per tubos equalium 
foraminum, fed inaqualium altitudinum, habent 
fubduplicatam vationem altitudinum. Of which 
the corollary is, that the tubes are in a dupli- 
Cate ration to that of the velocities of the wa- 
ter, that fubfides in, and runs out of them ; fo 
that to make one tube at a circular hole of the 
fame diameter run out in the fame time twice 
as much water as another, the greater ought 
to be not only twice, but four times as long 
as the fhorter. And of the fame proportion 
(my tryals about which I may elfewhere ac- 
quaint you with) divers other practical applica- 
tions may be made, which mutt not be here 
infifted on. 

IV. As I formerly faid of the mathema- 
ticks, fo I now fay of the mechanicks, that 
they may affift the naturalift to multiply expe- 
riments by thofe enquiries, that they will fug- 
geft, and thofe inferences and applications, 
whereto they may lead us. 

Or this we have a noble inftance in the 
great variety of tryals, which enquiries, verfed 
in hydroftaticks, and other mechanical di{ci- 
plines, have upon the fcore of their being fo 
qualified, been either prompted, or at leaft. 
affifted to make, about the famous quickfilver- 
experiment devifed by Yorricellius; about which 
though fo much has been done already, yet 
almoft every year brings forth new pheno- 
mena. 

ANOTHER exatnple to our prefent purpofe 
we may take from the great number of new 
propofitions, that the diligent Merfennus has 
given us in his balifticks, about the force and 
effects of bows, and the like fpringy bodies. 
But a yet more noble inftance is given us by 
the moft ingenious Galileo, who, as we may 
learn from the already mentioned French writer, 
that has given us an account of Galilzo’s new 
thoughts in that language, has publifhed fo 
inany propofitions (of which he fets down 19 
or 20, with the demonftrations) about the re- 
{iftance of bodies to be broken, and the weights 
requifite to break them, and the lengths, at 
which they may be broken by their own 
weight, that he has reduced them into the 
form, and given them the title of a new 
art. 
To all which I thall need to add no more, 
than that he, who knows and confiders, what a 
variety of ufeful propofitions have been, or 
may be mechanically deduced from the obfer- 
vation of irchimedes, that a fold body weighs 
Jefs in water than in the air, by the weight of 
water equal in bulk to that body, will eafily 
difpenfe with me for not adding any farther 
inftances on this occafion. 


AND 
Prop. 5. 


to NATURAL PHILOSOPHY. 


Anpb the mention of this hydroftatical 
propofition of Archimides falls in the ‘more 
properly in this place, becaufe it will warrant 
me to tell you, that divers mechanical theorems 
are not only fertile. in other theorems, but in 
ufeful applications too, of which I may here- 
after have occafion to give you fome examples, 
by acquainting you with the ufes I have made 
of the lately mentioned propofition of Archi- 
medes, and fome corollaries, that partly by 
others, and partly by us, have been inferred 
from it. 

V. Besrpes the utilities, that may be 
afcribed to the mechanicks in common, with 
the more fpeculative mathematical difciplines, 
they have fome, as I formerly intimated, that 
are more peculiarly their own, fince they may 
be of great ufe to the naturalift in making of 
fuch inftruments and tools, as for many of his 
obfervations, trials, and other purpofes, he 
may either abfolutely need, or advantageoufly 
imploy. 

Or this we have an example in the mari- 
ner’s compafs, as it is called; which is fo ne- 
ceffary to thofe remote navigations, whereto 
natural philofophy and mankind owes fo much. 
For though Baptiffa Porta * does, as well as 
other authors, afcribe the invention of the di- 
rective faculty of the magnetick needle to one 
of his country-men (Amalpbi, in the kingdom 
of Naples,) yet he confeffes, that for want of 
the knowledge of making fuch fea-compaffes 
as we now ufe; this lucky inventor was fain to 
make ufe of a piece of wood or ftraw, to keep 
the needle a float, and then imbue it with a 
magnetick vertue ; which was a fhift fubject 
to great and manifeft incanveniencies. And 
indeed, notwithftanding the knowledge of the 
verticity of magnetical needles, if by that of 
the properties of the center of gravity, or 
fome practices derived thence, fome men, 
verfed in mechanicks, had not devifed a way 
fo to poife the needle, that notwithftanding the 
rolling and toffing of the fhip, it will continue 
horizontal enough to direct the pilot; what 
would become of him in thofe ftorms, when 
he has moft need of a faithful guide ? 

By the help of the centrobarical doctrine, 
mechanicks have been enabled to make thofe 
dipping needles, whofe phznomena are very 
odd: and though, as far as I have tried, they 
yet feem uncercain enough ; yet it may very 
poffibly happen, that farther obfervations may 
reduce them to fome theory, whence practical 
inferences may be deduced. 

Awnpb you will the more eafily believe, 
that the mechanical applications of centroba- 
rical notions may be of immediate ufe, if we 
confider, that by virtue of them, divers wri- 
ters, and others of unfufpected credit, affure 
us, that they have made a kind of lamp fo 
poifed, that one may roll it up and down like 
a bowl, without overturning the veffel that 
contains the oil, or extinguifhing the flame. 

From the knowledge, that compreffed air 
has a.fpring, whereby it refifts farther com- 

prefion, and a flight contrivance to make ufe 
of this pneumatical principle, an acquaintance 

Vor Ill 


of mine madea flight engine, which afterwards 
I found mentioned in a printed book, by 
which he was a great gainer, going, when he 
was well fatisfied for his pains and hazard, to 
the bottom of the fea, and by the help of this 
engine ftaying there fometimes for divers hours, 
till he had fetched up Valuable things out of 
funk fhips, and tied cables about their guns, 
that they might afterwards be buoyed up. 
But there might be given fo many exam- 
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ples of inftruments and tools, that are ufeful to - 


the naturalift, and for which, yet; he ought to 
thank the mechanicks; that it were tedious to 
enumerate them, efpecially fince the fhops of 
mathematical inftrument-makers; and other 
tradefmen, may fupply you with enough of 
them, to verify what this paragraph would 
perfuade. 

VI. I fhall conclude the confiderations I de- 
figned for this effay by this, that as the Know- 
ledge of the theorems of mechanicks, and the 
practices, which have been thence derived, may 
very much affift the naturalift to make good 
mechanical contrivances, according to the exi- 
gences of his feveral purpofes; fo one good 
mechanical contrivance may be equivalent to, 
and may perhaps actually produce many good 
experiments, : 

THe former part of this propofition will 
not, I think, require much proof. For a man 
muft be but a du!l naturalift; that fhall know 
the properties of the center of gravity, of 
leavers, ballances, fcrews, wedges, and other 
inftruments for increafing force, and by fre- 
quenting the fhops and work-houfes of mecha- 
nitians, fhall have feeri variety of engines and 
inftruments to corfipafs different things, if he 
do not, from the furvey and confideration of all 
thefe, grow more able, by compounding, vary- 
ing, and otherwife improving them, to devife 
fuch means and expedients, as he would not 
elfe have thought on, to make fome trials, 
that he could not make before, and to make 
others more accurately, or more eafily, or 
fome way or other better. 

AND as to the fecond part of our propo- 
fition, namely, that one good mechanical con- 
trivance may be as confiderable as many parti- 
cular experiments, by enabling the naturalift 
to produce either numerous, or noble ones, or 
both, it may be manifefted by feveral exam- 
ples. 
Anp I fhall begin with fo familiar a one, as 
that afforded by valves, or trap-doors. For 
as flight and obvious as the invention of them 
feems, yet nat only we owe to them a great 
variety of pumps and bellows for oeconomical 
ufes, but they make very confiderable parts of 
feveral other engines, and may, as fome trials 
have informed us, be applied about feveral new 
experiments, efpecially if they be made of 
brafs, and yet fo {mall, that like fome of thofe 


I have had made by fkilful workmen, (who, ’ 


when I firft directed them, told me, that they 
could not be made,) they may be ufed, not 
only in {mall glafs-pipes, but in fyringes them- 
felves. ) 
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By the hich cf fmall valves, and the know- 
Je CGP tact athe or -compreiicd. air, Jiave 
ben made thue wind-guns, whicn may be 
emiuicyed, not only co weigh the air, (whole 
weighs we found them to evince, but ner de- 
termine.) but to kill Geer, and other game, 
without maxing a great noife, that would 
fright away the reft. 

Tr I did net, Pyroghilus, forefee, that in 
the following ciTays of this treatife, I fhall 
have cccatien to mention fome cther inftances 
of the fervice, thet mathematical and mccha- 
nical diciplines may do the naturalitt, I fheuld 
here acd divers particulars, which I had rather 
you fhould, when you meet with them, refer 
hither ; and therefore I thal! conciude what I 
intended now to fey about thete aifciplines, by 
two or three thort initances, that relate to what 
I have already iaid concerning them. 

THe hirttis, that ic was not my defign to 
treat of the utility of the mathematicks and 
mechanicks in an abfolute way: for then I 
mu{t have faid much to their advantage, which 
I have omitted, becaufe it would have too 
much {welled thefe effays, and not have been 
pertinent enovgh to them. And therefore I 
thought it fuficient for me to touch upon 
thole things, on whofe account thefe difciplines 
may be made ufcful to the naturalift, by 
aMilting him either to frame theories, or to 
make obiervations and experiments, fome (at 
Jeaft) of which, directly, or in their applica- 
tions, either are already, or are like to prove, 
practicai and ufeful. And it feems to me very 
probavle, that the noticns and practices of 
thele difcivlines, that have been too much hi- 
therto reftrained by meer mathematicians and 
mechanicians to the ftars, the earth, the water, 
and fome few other confpicucus parts of na- 
ture, may be very well extended, by a philofo- 
pher, to jundry other productions, as well of 
mature, as ci art. As Archimedes deduced hy- 
droftaticks from the application he made of 
vulgar ftaticks to bodies weighed in air and 
water, or in water only: and the ingenious 
Torricellius, and others, have of late applied 
the principles of hydroftaticks to that pon- 
derous body (which the chemifts reckon among 
metals) mercury. 

My next advertifement is, that mentioning 
mechanical inftances, not fo much to acquaint 
you fully with the things themfelves, as to 
make the mediums to infer what I would 
prove, I have taken the mechanical propofi- 
tions, that I imployed, as they are delivered by 
the artifts themfelves, without warranting, that 
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their proportions wil held true in mathemati- 
cal ftrictnefs. For though I have made trials 
myfelf of feveral things of this nature, yet 
having often obferved, how dificult it is to find 
a mathematical precifencfs in phylical and me- 
chanical things, I think it not amifs to inumate 
thus much to you, though I may elfewhere 

ave a fitter opportunity to make it out, that 
fo great an exactnefs is in many cafes not ne- 
ceflary to make the rules, that want it, ufeful 
in practice. 

Tue concluding intimation I mean to give 
you, 1s, that I have not hitherto mentioned a 
fervice, that mathematicks and mechanicks 
may often do the naturalift, which is not ft to 
be filently pretermitted; and it is, that by 
lineal fchemes, pictures, and inftruments, they 
may much affift the imagination to conceive 
many things, and thereby the underftanding 
to judge of them, and deduce new contrivances 
from them. 

Yuat I do not groundlefly fay this, you 
will grant, if you confider, how difficult (net 
to fay impoffible) it were to go through with 
a long geometrical demonftration, without the 
help of a vifible fchenie, to affift both the 
fancy and the memory ; and how difficult it is 
to give beginners an idea of the grounds of 
cofmography and geography, without material 
{schemes and globes, your own very recent ex- 
perience, as well as that of others, will, I pre- 
fume, inform you. As it alfo may, how ufe- 
ful, not to fay how neceffary, pictures, and in 
fome cafes, models, are wont to be, when en- 
gines, houfes, fhips, and other ftruétures are to 
be judged of, that they may be approved, or 
improved: but I fhall rather take notice, that 
not only mechanical, mathematical, and ana- 
tomical things, need {fchemes and pictures, to 
reprefent them clearly to our conceptions ;_ but 
many things, that are looked upon as more 
purely phyfical, may, in my opinion, be much 
ulluftrated the fame way. Of which, if Des 
Cartes has, as fome fay, been the intruder, I 
think he deferves our thanks for it. For as 
Plato faid, God does always geometrize ; fo 
in many cafes it may be as truly faid, that na- 
ture does play the mechanician, not only in 
animals, but in plants and their parts, and di- 
vers other bodies ; 1n the explication of which 
curious, and oftentimes invifible contrivances 
of her’s, pictures, that reprefent them well to 
the eye, and, if it were needful, in dimen- 
fions much greater than natural, may very 
much further the framing of right ideas of 
them in the mind. 
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O make out what is propofed in the 
title of this difcourfe, I fhall endea- 
vour to fhew two things. ‘The one ; 

that an infight into trades may improve the 
naturalift’s knowledge. And the other; that 
the naturalift, as well by the fkill thus ob- 
tained, as by the other parts of his knowledge, 
may be enabled to improve trades. 


SECTION I. 


ND firft, it feems to me to be none of 
A the leaft prejudices, that either the 
haughtinefs and negligence, which moft men 
naturally prone to, or, that wherewith they are 
have been infected by the fupercilioufnefs and 
lazinets, too frequent in fchools, have done to 
the progrefs of natural philofophy, and the true 
intereft of mankind, that learned and ingeni- 
ous men have been kept fuch ftrangers to the 
fhops and practifes of tradefmen. For there 
are divers confideraticns, that perfuade me, 
that an infpection into thefe may not a little 
conduce, both to the increafe of the naturalrft’s 
knowledge, and to the melioration of thofe 
mechanical arts. 

I. Anp I confider, in the firft place, that 
the phenomena afforded by trades, are (mott 
of them) a part of the hiftory of nature, and 
therefore may both challenge the naturalift’s 
curiofity, and add to his knowledge. Nor will 
it fuffice to juftify learned ‘men in the neglect 
and contempt of this part of natural hiftory, 
that the men, from whom it muft be learned, 
are illiterate mechanicks, and the things, that 
are exhibited, are works cf art, and not of na- 
ture. For the firft part of the apology ts in- 
deed childifh, and too unworthy of a philofo- 
pher, to be worthy of a folemn anfwer. And 
as for the later parr, I defire, that you would 
confider, what we elfewhere exprefly difcourfe 
againft the unreafonable difference, that the ge- 
nerality of learned mcn have {eemed to fancy 
betwixt all natura! things and factitious ones. 
For befides, that mary of thofe productions, 
that are called a:rciAcial, do diiler trom thofe, 
that are confeffedly natural, not in effence, 
but in efficients; there are very many things 
made by tradefinen, wherein nature appcars 
manifeftiy to do the main parts of the work : 
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as in malting, brewing, baking, making of 
raifons, currans, and other dried truits ; as alfo 
hydromel, vinegar, lime, &c. and the tradedf- 
man does but bring vifible bodies together 
after a grofs manner, and then leaves them to 
act one upon another, according to their re- 
{pective natures; as in making of green, or 
courfe glafs, the artificer puts together fand 
and afhes, and the colliquation ‘and union is 
performed by the action of the fire upon each 
body, and by as natural a way, as the fame frre, 
when it refolves wood into afhes, and fmoak 
unites volatile falt, oil, earth and phlegm into 
foot ; and fcarce any man will chink, that 
when a pear is grafted upon a white thorn, the 
fruit it bears is not a natural one, though it be 
produced by a coalition of two bodies of diftant 
natures, put together by the induftry of man, 
and would not have been preduced without 
the manual and artificial operation of the 
gardener. 

If. Bur many of the pheenomena of trades 
are not only parts of the hiftory cf nature, but 
fome of them may be reckoned among its 
more noble and ufeful parts. For they fhew 
us nature In motion, and that too, when fhe 1s 
(as it were) put out of her courfe, by the 
{lrength or {kill of man, which I have formerly 
noted to be the moft inftructive condition, 
wherein we can behold her. And as it is ma- 
nifeft, that thefe obfervations tend directly to 
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practice, fo, if I miftake not, they may afford - 


a great deal of light to divers theories, efpeci- 
ally by affording inftances, wherein we fee by 
what means things may be affected by art, 
and confequer:tly by nature, that work mce- 
chanically. . 

MI. Yue phenomena afforded by trades 
are therefore the fitter to be tranflated into 
the hiftory of nature by philofophers, becaufe 
they, whofe profeflion it is to manage thofe 
things, being generally but fhop-keepers, and 
their fervants being for the moft part but ap- 
prentices and boys, they neither of them know 
themfelves how to defcribe in writing their 

wn practices, and record the accidents they 
meet with: fo that either learned men muit 
oblerve and regifter thefe things, or we mutt, 
to the no {mall prejudice of philcfophy, fufter 


, the hiftory of nature to want fo confiderable an 


acceflion, 


acceffion, as the fhops and workhoufes of 
crafts-men might afford it; which acceffion 
would be much the more copious, if the ex- 
periment of trades were made by a naturalift, 
who would doubtlefs fo manage them, as to 
make them far more inftrnctive, and better 
fitted for the defign of a natural hiftory, than 
the fame experiment would be, if they were 
related but by an illiterate tradefman, though 
hever {0 honeft. 

Anpv, Pyrophilus, to invite you, as you 
defign a further progrefs in natural philofophy, 
to difdain, as little asI do, to converfe with 
tradefmen in their work-houfes and fhops ; 
give me leave to tell you, that as he deferves 
not the knowledge of nature, that fcorns to 
converfe even with mean perfons, that have 
the opportunity to be very converiant with 
her ; fo oftentimes from thofe, that have nei- 
ther fine language nor fine cloaths to amufe 
him with, the naturalift may obtain informa- 
tions, that may be very ufeful to his defign, 
ahd that upon feveral {cores. 

For firft, tradefmen are ufually more dili- 
gent about the particular things they handle, 
than other experimenters are wont to be; be- 
caufe thefe, if they want diligence, lofe no- 
thing, but what that very want of it keeps 
them from taking notice of, or at moft, the 
fatisfaction of an unneceffary curiofity ; whereas 
tradefmen have anotherguife concern in the 
management of what they employ themielves 
about, for their livelihood depends upon it. 
And as, if they be carelefs, others more dili- 
gent will get away their cuftom; fo, if they 
do any thing extraordinary well, the chiefeft, 
and, for fome time, the whole benefit will ac- 
erue to themfelves, and by improving their 
profeffion they better their income. 

SECONDLY, As it 1s proverbially faid, that 
neceffity is the mother of inventions, fo expe- 
rience daily fhews, that the want of fubfift- 
ence, or of tools and accommodations, makes 
crafts-men very induftrious and inventive, and 
puts them upon employing fuch things to ferve 
their prefent turns, as nothing but neceffity 
would have made even a knowing man to 
have thought on. By which means, they dif- 
cover new uies and applications of things, and 
confequently new attributes of them; which 
are not wont to be taken notice of by others, 
and fome of which, I confefs, I have not 
looked upon without wonder. 

Tuirpty, I have feveral times obferved 
trades deal with things unknown to claffical 
writers, and unufed, fave in their fhops. And 
thefe are not only faétitious, but divers of 
them natural; as manganefe (by fome called 
magnefca;) and zafora (if at leaftit be what 
many repute it) emery, tripoli, &c. and of 
both forts there are fome, that are exceeding 
ufeful ; as of thofe formerly mentioned, the 
two firft are to glafs-men and potters; and 
the two later to a number of other tradefmen ; 
and as among artificial concretes, foaders are 
of neceffary ule to gold-fmiths, lock-f{miths, 
copper-{miths, brafiers, peweterers, tin-men, 
glahiers, &c. amels to gold-fmiths, glafs-men, 
&c. lakes of feveral forts to painters, heralds, 
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&c. and putty to amel founders, potters, 
{tone-cutters, gold-fmiths, glafs-crinders, and 
divers other profeffions, I fhall add, that 
even of thofe natural things, of which fome 
mention is made in famous books, one may 
learn many things in fhops, not to be met 


‘with there, both as to the differing kinds of 


things, and as to the marks of their goodnefs, 
and as to other particulars conducive to the 
knowledge of thofe fubjeéts. And I freely 
confefs to you, Pyropbilus, that I learned more 
of the kinds, diftinétions, properties, and con- 
fequently of the nature of ftones, by conver- 
fing with two or three mafons, and ftone-cut- 
ters, than ever I did from Pliny or Ariftotle, and 
his commentators. 

FourTHLY, Yow fhall often find, that 
tradefmen, being unacquainted with books, 
and with the theories and opinions of the 
{chools, examine the goodnefs and other qua- 
lities of the things they deal with, by mechani- 
cal ways, which their own fagacity or cafual 
experiments made them light upon. And 
though thefe, having little or no affinity with 
thofe, that a book-man would have taught 
them, will appear to him extravagant; yet 
being fuch, as, if they really ferve the craft- 
man’s turn, muft be true and ufeful, their be- 
ing extravagant will but make them the more 
new and inftructive, and conféquently the more 
fit to be admitted into the hiftory of nature. 

FirTHLty, The obfervations,; that tradef- 
men can fupply us with, though they are not 
probably at any one time fo accurately made 
by them, as they would be by a learned man; 
yet that defect is recompenfed by their being 
more frequently repeated, and more affidu- 
oufly made, than moft of the experiments, 
wherein men of letters have furnifhed natural 
hiftory: fo that thofe circumftances, which 
are not heeded by the artificer at one time, may 
obtrude upon his obfervation at another, and, 
by reiterating the fame proceffes fo often, it can 
fcarce be doubted, but that divers phzno- 
mena will offer themfelves, even to an unat- 
tentive eye, that would not have been all of 
them taken notice of by a more heedful expe- 
rimenter, that had performed the operation 
but once or twice. But this will be further con- 
firmed in the next paragraph. 

SIxTHLY, There are tradefmen, that do 
often obferve in the things, they deal about, 
divers circumftances unobferved by others, 
both relating to the nature of the things they 
manage, and to the operations performable 
upon them. 

Or the particulars, wherein the obfervations 
of tradefmen (for the utility of many of their 
practifes is not queftioned) may help us to in- 
veftigate the nature of bodies, I could name 
more than my prefent hafte allows me to men- 
tion ; and [I fhall, as a fpecimen, take a little 
notice, firft, of fome of the remarks they have 
to diftinguifh and eftimate what they call the 
goodnefs and badnefs of the things they deal 
with; and then of fome few of their obferva- 
tions, that depend upon the influence, that 
time and feafon have on the things they han- 
dle, and upon the artificers operations on them. 


For, 


Se&.I. 


For, to begin with the firft, although they 
commonly mean by fuch terms (of goodnefs 
and badnefs) no more, than the fitnefs, or un- 
fitnefs of fuch things to yeild a good price, 
and in order thereunto for the purpofes they 
are to be employed about in their particular 
trades; yet this fitnefs or unfitnefs is wont to 
confift in, or to fuppofe, qualities, that may 
relate to divers other things, and be applied to 
many other purpofes. For fome of the tradef- 
men’s criteria difcover to us a variety anda 
difference of kinds in bodies of the fame deno- 
mination; as from the potters, the tobacco- 
pipe-makers, and the glafs-men, we may learn 
a confiderable variety of clays; and from ftone- 
cutters and mafons no lefs variety of {tones 
untaken notice of by claffick authors. So 
from carpenters, joiners, and turners we may 
learn, that fome woods, as oak, are fit to en- 
dure both wet and dry weather; others will 
endure well within doors, but not expofed to 
the weather; others will hold out well above 
ground, but not under water; and others on 
the contrary will laft better under water, than 
in the alr. 

Anp as the diftinguifhing marks we were 
{peaking of may inform us of the differences 
and kinds of bodies; fo they may likewife on 
other accounts give us notice of divers of their 
qualities, Thus we find by the glafs-nen and 
foap-boilers, that fome afhes, as thofe of kaly, 
bean-ftalks, 8c. do much more abound in falt, 
than other fome; and yet fome of thofe {forts 
of athes make clearer, or otherwife better glafs, 
than the reft do. We may likewife learn of 
the maifters the differing impreffions, that the 
barley receives according to the fewel, whe- 
ther ftraw, wood, furs, &c. that makes the 
fire, wherewith it is dried. And I remember, 
I have known an ingenious malfter much ad- 
vantaged by a way he had of fo preparing malt, 
as if it had not been dried with wood, (ufually 
the cheapeft, but not the beft, fewel for that 
purpofe) whereas indeed it was a fecret con- 
fifting only in the choice and feafoning of fuch 
a kind of wood, that even the folid parts of it 
cleft burnt almoft like ftraw with a clear 
flame, fo ftrangely free from fmoke, that I 
could not behold it without fome wonder. 

Tue other fort of inftructive obfervations 
to be learned of tradefmen confifts of thofe, 
that are made about the operation, that con- 
tinuance of time, or change of feafon and 
weather, may have upon certain bodies, and 
ways of handling them. For naturalifts, ufual- 
ly contenting themfelves to make their expe- 
yiments but once or twice, when their leifure 
beft ferves, or their occafions moft require, 
have not the fame opportunity to difcern, what 
influence the temper, which the air then 1s 
put into, either by the feafon, or the weather, 
or both, may have on the event of the trial ; 
whereas tradefmen, by long, and fometimes 
unwelcome experience, are taught fuch and 
fuch things will be beft done at fuch feafons 
of the year, or in fuch kind of weather ; 
which if they be not in fome cafes obferved, 
either the thing will not fucceed, or the tradef- 
man will be damnified by his trial. 

Vou. Il. 
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THus we fee, that tanners make choice of 
that part of the fpring, when the bark abounds 
with the rifing fap, to take it off from the 
trees; becaufe at all feafons it will not be fo 
good nor come off fo eafily. Thus joyners 
think not wainfcoat fufficiently feafoned, till it 
be fo many years old. And in feveral coun- 
tries, butchers obferve, that though a young 
bullock may be very good meat, if {pent foon 
after itis Killed ; yet if powdered, to be long 
kept, before the beaft be four or five years 
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old, the falt will too much fret it, and make . 


it little worth. And TI look upon it as one of 
the advantages the naturalift may derive from 
tradefmen’s obfervations, that the fame things 
being fucceffively dealt with by the father and 
the fon, the mafter and the apprentice, they 
fometimes make far more long winded obfer- 
vations, than the philofopher has opportunity 
to do. As for inftance, thofe, that make mor- 
tars of li¢num vite, and will make them good, 
will keep it in the houfe twenty years, or per- 
haps more, to feafon, as they call it, before 
they will employ it. And experienced mafons 
tell us, and as far as I have obferved truly 
enough, that as there are fome forts of lime 
and ftone, that will decay in few years; fo 
there are others, that will not attain their full 
hardnefs in thirty or forty, or a much longer 
time. Of which I may elfewhere give you 
fome inftances. 

To the fix foregoing particulars one more 
may be added to the fame purpofe with the 
reft, and it is} that by frequenting the work- 
houfes and fhops of crafts-men, a_naturalift 
may often learn other things, befides the truth 
and falfity of what they relate, concerning the 
hiftory of the arts they make profeffion of. 
For though a tradefman, being for the moft 
unlearned, and aiming only at making or per- 
forming thofe particular things, which, when 
done, are to bring profit, ufually overlook 
thofe phenomena, that make not to his pur- 
pofe ; yet nature, (who minds as little his de- 
fign, as he does thofe works of her’s; that con- 
duce not to it) is by fome agents and opera- 
tions, that he employs to compafs his ends, 


engaged to do feveral things, that havea con- — 


nection with thofe the artificer profecutes, or 
elfe do depend upon them: fo that the natu- 
ralift may oftentimes obferve in fhops divers 
confiderable phaenomena, that the tradefman 
regards not; becaufe they neither further, not 
hinder him in his work, and will be looked 
upon by him as impertinent to the hiftory of 
his profeffion, in cafe he fhould be put upon 
delivering it. And yet fome of thefe occur- 
ring phenomena being produced by nature, 
when fhe is as it were vexed by art, and 
roughly handled by ways unufual, and fome- 
times extravagant enough, may difcover to a 
heedful and rational man divers luciferous 
things not to be met with in books, or proba- 
bly not fo much as dreamed of by the authors 
of them. Sundry examples of this I fhall have 
occafion to difperfe in the following Effay, and 
other tracts, that are defigned you in this fe- 
cond volume of our prefent treatife. 


X x SEC- 


SECTION It 


WILL now therefore proceed to fhew, 

that as the naturalift may, as we have feen, 
derive much knowledge from an inf{pection in- 
to trades; fo by virtue of the knowledge thus 
acquired, as well as by that, which he has up- 
on other accounts, he may be as able to contri- 
bute to the improvement of trades. 

Tris he may do by feveral ways, and efpe- 
cially by thefe three. The farft, by increafing 
the number of trades, by the addition of new 
ones. The fecond by uniting the obfervations 
and practices of differing trades into one bo- 
dy of colleétions. And the third, by fug- 
gefting improvements in fome kind or other 
of the particular trades. 

Tne firft of thefe I fhall here lightly pafs 
over, having elfewhere occafion to difcourfe 
of it more fully; only I fhall here take no- 
tice, that, for the experimental philofopher 
to increafe the number of trades now in ufe 
among us, it will not be abfolutely neceffary, 
that he fhould invent new ones, fince he may 
do it by reviving the trades formerly known 
to the antients, but loft to us; fuch as the mak- 
ing incombuttible cloth of lapis amiantus, the 
Tyrian purple, the making of Mofaick work, 
and thofe many other inventions, which you 
may find mentioned in Pancirollus, and his 
learned commentator Salmuth. Of which it 
were not amifs, that a catalogue were made 
publick; for fuch things, having been once 
actually done by men, are not impoffible to be 
done again; and therefore I fee no reafon to 
defpair, that in fo ingenious an age as this, 
fome, if not moft, of them may be retrieved. 

Tue fecond advantage, that trades may de- 
rive from an inquifitive naturalift, is ; that by 
this means the feveral obfervations and diffe- 
rent practices of trades, whole managers want 
the curiofity, the fkill, or the opportunity, to 
make a general infpection into trades, which 
they would find the more difficult to do, be- 
caufe crafts-men will often be more fhy of one 
another, and more backward to difclofe the 
myfteries of their art to one, that may make 
a gain of it, and thereby leffen theirs, than to 
a philofopher, that inquires to fatisfy his curio- 
fity, or enable himfelf to be helpful to them. 
And certainly, if fo much as the known hints, 
that may be given by the experiments already 
difperfed among men of feveral profeffions, 
were known to any one man, though other- 
ways but of common abilities ; as my own ex- 
perience has in fome meafure informed me ; 
thofe united beams, which {cattered are fcarce 
confiderable, would afford him light enough 
to better moft of the particular trades, that are 
retainers to philofophy. And perhaps, it were 
notamuifs, if there were fome knowing and ex- 
perimental perfons appointed by the publick to 
take an exact furvey of the trades in ufe a- 
mongit us, and inform themfelves particularly 
of all the fecrets and practices belonging to 
them, that thus difcerning the errors and de- 
ficiencies of each, they may rectify the one, 


and fupply the other, partly by the hints af- 
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forded by the analogous experiments of fome 
other trades, and partly by their own notions 
and trials. 

Tuusa few of the more ingenious French 
gardeners have of late ufetully applied to the 
watering of young and tender plants that way 
of filtration, which is ufed by apothecaries 
with moiftcned cotton wicks or rolls, or elfe 
with lifts of either linen or woollen cloth, fo 
ordered, that one end being immerfed in the 


liquor to be ftrained, the other may hang cver 


the brim, and out of the vefiel fomewhiat 
lower than the bottom, or at leaft the furface, 
of the liquor. For if this lower end of the Jift 
be placed over the root of any feed or tender 
plant, it will, by conftantly and leifurely drop- 


ping on it, water it much mere temperately 


and uniformly, than can be done by common 
watering pots. And even this way of irriga- 
tion may by a cheap and eafy mechanical con- 
trivance be very much improved, ‘There 1s 
another practice among ftonc-cutters, that caft 
or mold things with plaifter of paris, to obtain 
finer powders, than fearces are wont to give 
them, by ftirrrrg the powder well in water, 
and after it has refted a little while, pouring 
off the upper part of the troubled liquor into 
another clean veffel; -at the bottom of which 
there will in time fettle an impalpable powder. 
I will not here tell you what ufe I make of this 
in chemiftry, to obtain much finer powdcrs, 
than are ufually to be met with of the fame de- 
nomination. And {I fhall out intimate to you, 
that by letting the farft water ftand but fo much 
the longer before you pour off the upper part 
of it, till not only the groffer and heavier, but 
the lefs fine particles be fubfided, you may get 
a powder, yet much more fubtle, than thofe 
artificers, that imploy the former way, with- 
out this circumftance, are wont to obtain. This, 
I fay, it fhall fufice me to have pointed at, 
becaufe it is more proper to take notice, 
that the way of obtaining fubtle powders by 
the help of water 1s ufeful, not only to the 
above-mentioned craftfinen, but likewife to 
glafs-men, pctters, makers of tclefcopes, and 
microicopes, thofe that caft metals in fpaud, 
and other tradefmen too. Befides, that I 
may hereafter have occafion to tell you, that 
it is of great ufe in China for the makers of 
porcelain. 

But it is not only by acquainting artificers 
of different profeffions with one another’s prac- 
tices, that the naturalift may further trades, 
but by making materials employed by one 
fort of craftfmen ferviceable to another. ‘That 
philofopher, who has furveyed a great number 
of trades, and compared them together, may 
do this with advantage, you will eafily grant, 
when I fhall have advertifed you, that with- 
out any fuch affiftance as that of a philofopher, 
in whom their diftinct knowledge may con- 
center, and who has {kill to enlarge the ap- 
plications of them, we may. obferve, that 
fometimes tradefmaen themfelves can make ufe 
of one anothers productions. Of which I 
fhall give you a couple of examples, the one 
furnifhed me by iytharge, the orher by aqua- 
fortis. 

I THE 


IT. 


Sect. IT. 


Tue former of thefe, which is but lead 
powdered and almoft vitrified, by being blown 
off (or melted into) the refiner’s teft, as it 
ferves the chemift to take his fugar of lead 
(which it has been obferved to do better, than 
minium) and other faturnine medicines ; {fo it 
ferves divers comb-makers to die horns (as we 
have tried by the mixture of lytharge, quick- 
lime, and fharp vinegar. It ferves alfo fome 
painters and others to accelerate the prepara- 
tions of their fat oils, as they call them. And 
fome varnifhers to make their varnifhes dry 
quickly. It likewife ferves fome artifts to make 
counterfeit gems ; and we have tried, that by 
melting it with about a third part of pure white 
fand, or calcined cryftals, and then putting in a 
{mall quantity of mineral concretes, according 
to the colour intended to be introduced, one 
may make fapphires, emeralds, 8c. coloured 
like the natural ones; though this way makes 
thefe productions too ponderous, foft, and 
dim, and is far inferior to another we may elfe- 
where have occafion to dilclofe. - 

Orxuer mechanical ufes of lytharge I o- 
mit, to come to the fecond inftance I was’men- 
tioning, which is taken from aqua fortis. For 
not only refiners ufe it to part filver from gold 
and copper (whence the French call it Eau de 
depart) but divers makers of curious wooden 
works ufe it for the difcolouring and ftaining of 
their woods. Dyers make great ufeof it about 
their colours, and even about fcarlet itfelf. O- 
ther artificers employ it to colour bone or ivory, 
fteeped for a convenient fpace of time therein, 
having firft made it of the colour they defire, 
by diifolving in it copper (inftead of which I 
have fometimes ufed verdigreafe). or other bo- 
dies, fit for their prefent turn ; and fome too 
by diffolving in it the fourth part of its weight 
of fal armoniac, turn it into aqua regia, and 
in that make a folution of gold, wherewith 
may be ftained (as we have tried and taught 
fome artificers) the ivory hafts of knives, and 
boxes of the fame matter, witha fine kind of 
purple colour, which yet will not fuddenly dif- 
clofe it felf on them. Some book-binders alfo 
employ afperfions of aqua fortis to ftain the 
leather, that makes thofe fine covers of books 
that, for their refemblance to fpeckled marble, 
are wont to be called marbled. It 1s alfo em- 
ployed (as themfelves have acknowledged to 
me) by fome of the diamond cutters, to free 
the duft of diamonds from metalline powders, 
as I fhall hereafter declare. It is likewife of 
great (and as they imagine of neceffary) ufe 
‘to thofe, that etch plates of copper or brafs. 
To which may be added, that we have caufed 
canes to be ftained into the likenefs almoft of 
tortois-fhell by a mixture of aqua fortis, not 
too well rectified, which is unexpedient in this 
work, and oil of vitriol laid on at feveral times 
and places, upon canes held over a large chaf- 
ing-difh of coals, that by the heat the ftaining 
liquor may be the better fucked in by the canes, 
which mutt afterwards have a glofs given them, 
by being diligently rubbed witha little foft wax 
and a dry cloth. Nor are thefe all the ufes 
made of aqua fortis, as you will find hereafter 
by initances, that I referve for other places. 


by the NATURALIST’s Lnfight into TRADES. 


But I thought fit to mention this liquor in this 
place, rather than any of thofe many factitious 
bodies I might have taken notice of, for thefe 
two particular reafons. The one, that the ufes 
hitherto enumerated of this menftruum, may 
ferve to confirm what I told you in the fecond 
effay, of the great utility of menftruums. And 
the other, that though aqua fortis be a liquor 
of exceeding common ufe, and wont ta be dif- 
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tilled by men of feveral profeffions, as che- | 


mifts, refiners, gold-{miths, 8c. yet they 
have had hitherto fo litle curiofity to enquire 
into the nature of it, or vary the ways of 
making it, that not only the ways, that a fkil- 
ful naturalift might dire¢t for improving it, have 
not been taken notice of, but no fmall over- 
fights may be obferved to be generally and 
daily made about it. And an ingenious gen- 
tleman of my acquaintance, by making {ome 
trials to improve it, has been fo far fucceisful 
in his attempts, that he makes it by great odds 
better, than that which the refiners are wont 
to employ, or as far as my trials have informed 
me, than any I have ufed; and affords it for 
not much above half the price, that is com- 
monly given for it. Nor have his experiments 
this way alone promoted the refiner’s trade, but 
have alfo difclofed to him a way of clearly re- 
covering moft of his aqua fortis, after he has 
ufed it in the feparation of metals, not only in 
its former ftrength, but fomewhat encreafed in 
virtue ; which you will the more eafily think 
poffible, if I tell you, that aqua fortis may be 
made. and received in other veffels, than thofe 
that are ufual. As alfo, that without dream- 
ing of this chemift’s way, I have re-obtained 
that menftruum exceeding ftrong, after having 
employed it upon certain minerals, for from o- 
thers I knownot whether it may be {fo regained. 
And laftly, that there are fome bodies, befides 
glafs and earth, that are not brittle like thefe, 
and yet ferve for the fecond diftillation of aqua 
fortis, though made very ftrong at the firft. 
Ano fince am mentioning of this liquor, 


‘I fhall intimate (and only intimate here) that, 


by adding to falt-petre, inftead of the ufual ad- 
dittament of three timesits weight of brick, or 
clay, or the like, about an eighth or tenth part 
only of its weight of another fubftance, we 
have, even in ordinary fand furnaces, obtained, 
though flowly, a nitrous fpirit, or aqua fortis 
much ftronger at the firft diftillation, than that 
which is wont to be fold by our refiners, for 
double or rectified aqua fortis. 

You, Pyrophilus, and divers other virtuofi, 


shave much more opportunity to make an in- 


fpection into particular trades, than my other 
{tudies and occafions will allow me, and yet I 
have been more than once able to fuggeft to e- 
minent artificers fuch things, concerning their 
own profeffion, as they tried and thanked me 
for. And therefore I have often wifhed, that 


‘fome ingenious friends to experimental! philo- 


fophy would take the pains to enquire into the 
myiteries, and other practices of trades, and 
gives usan account, fome ofone trade, and fome 
of another, though the more are handled by 
the fame perfon it will be, ceteris paribus, the 
better, not only delivering hiftoricaily what is 

practifed, 


practifed, but alfo adding their own reflections, 
and any other thing they think fit to propofe, 
towards the melioration of the profeffions they 
write of, 

Anp to give you, fora fpecimen of this 
(not perhaps the beft that I could, but) fuch 
an one, as will be fure not to make you defpair 
of out-doing it, I will add at the clofe of this 
effay, what came ihto my mind, and coft me 
about an hour to fet down about the trade of 
thofe that fell varnifhed wares. 

Some Italian writers (who indeed are to be 
commended for it) have given us accounts of 
fome particular profeffions, as befides others, 
that I have heard of, but could not procure, 
Antonio Neri has written Dell’ Arte Vetraria, 
and Benvenuto Cellini of fculpture, and the 
{tatuaries art, and of fome other profeffions, 
worthy, with the art of glafs-making, to be 
made Englith. | 

AND indeed, I would willinply invite both 
you and other virtuofi of our own country, as 
well as of others, not to difdain to contribute 
their obfervations to the hiftory of trades. 
And if you pitch upon any, you may com- 
mand my thoughts of the method, wherein an 
account of it may be the moft conveniently 
siven. For I look upon a good hiftory of 
trades, as one of the beft means to give expe- 
rimental learning both growth and fertility, 
and like to prove to natural philofophy what 
a rich compoft is to trees, which it mightily 
helps, both to grow fair and ftrong, and to 
bear much fruit. 

Anp this I was fo perfuaded of, that T once 
defigned, if the publick calamities of my coun- 
try had not hindered, to bind {everal ingenious 
lads apprentices to feveral trades, that I might 
the better, by their means, both have fuch ob- 
fervations made, as I fhould direét, and receive 
the better hiftorical accounts of their pro- 
feffions, when they fhould be mafters of 
them. 

III. Bur it is not only by making the 
practices and productions of fome trades fer- 
viceable to others, that the experimental phi- 
lofophy may be a benefactor to thofe profef- 
fions. For he may do it by the third of the 
formerly mentioned ways (which in fome cafes 
is coincident with the fecond) namely, firft by 
furveying the rules and obfervations already re- 
ceived, and the practices already in ufe of each 
particular trade he would improve, and then 
by taking notice of two things concerning it, 
viz. the deficiencies and inconveniencies, that 
blemifh it, and the optatives, that may be made 
about it; that he may alfo in the laft place 
propofe rational (if not certain) methods or 
expedients to fupply or remedy the firft ; and 
either accomplifh the fecond, or make approxi- 
mations to it, as far.as it is feafable, or as 
his {kill reaches. 

By deficiencies and inconveniencies, I do 
not here mean thofe things, which are wanting 
to the abfolute perfection, which a philofoper 
might wifh to find in the trade he confiders ; 
(for thefe belong to the optatives) but thofe, 
which are wont to be complained of, and not 
irremediable, or that are wanting to a more 
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eafily obtainable degre2 of perfection. I fhall 
not pretend to enumerate thefe in particular 
trades, but only obierve in general, that the 
chiefeft of them feem to be fuch as thefe. 

Frrst, that the artificer may be too much 
confined to e¢ertain materials, fome of which 
may be fcarce, or dear, or ill-conditioned, in 
comparifon of others, that the naturalift might 
propofe. As I remember, that being in a 
place, where we could not procure gond vitriol 
to make aqua fortis with, after the manner of 
our Englifh refiners, by a fubfticution of burnt 
allom for vitriol, but in a far lefs proportion, 
we made folvents for filver, as good as theirs, 
if not much better. 

AND efpecially in fuch cafes as thefe it is, 
that the naturalift may be very much affiftant 
to tradefmen. For there are many things, 
which he, who ts acquainted with variety of 
bodies, and the accounts on which they work 
on one another, will either quickly difzcrn to 
be performable by other materials, than thofe, 
that tradefmen confine thenielves to, or pror 
bably gueffed to be performable by crher 
agents more in the tradelmcen puwer; and by 
making trials of his conjectures, it is like -he 
will within a few trials difcover what he fecks, 
I know an ingenious perfon, that upon the ge- 
neral complaint made by tanners, of the fcar- 
city and dearnefs of the bark of ozk, found a 
way to prepare leather without that or any 
other bark, as well, if not much better, than 
it is wont to be done the ordinary way, at leaft, 
as far as I, and divers other more {kilful than 
I, could guefs yy fome variety of it, which he 
fhewed me. ind this variety of materials, 
which may be fuggefted by the naturalift, is 
therefore the more confiderable, becaufe, that 
though the fuggefted materials be dearer, than 
that in common ufe, yet 11 may be fo much 
better conditioned in other regards, as to be 
preferable to it. And though diamond duft 
be very many times dearer, than the powder 
of emery, yet I fometimes caufe work to be 
done for me in a fhop, where, to cut fome 
gems, and even load{tones themfelves, the 


_crafttmen I made ufe of, did by my encourage- 


ment, employ the precious powder of dia- 
monds, inftead of that of emery, becaufe the 
former makes fo great a dilpatch, and oblige 
them fo much the feldomer to change their 
tools they apply it with, as makes an advanta- 
gious amends for the dearnefs. And fo, though 


“common fpelter-foder. be much cheaper, than 


that which is made with filver inftead of fpel- 
ter, yet in divers cafes, this laft is preferable, 
even by artificers themfelves, For trial informs 
us, that this will run with fo moderate a heat, 
as often needs not endanger the melting of 
thin and delicate pieces of work, that are to 
be fodered ; and if this filver-foder be fo well 
made, as fome I can fhew, you may with it, 
foder even ‘upon foder itfelf, made the ordinary 
way, with brafs and fpelter, and fo fill up 
thofe little holes or cranies, that may have 
been left or made in the firft federing, and 
are not fafely to be mended, but by a foder 
more eafily fufible than the firft. 


I SECONDLY, 


Sect. IT. 


SECONDLY, that the tradefman may be 
confined to certain ways of working, when per- 
haps it would be much more advantageous to 
him, if he had others propofed him by the 
experimental philofopher, who may perhaps 
difcern, that what is mechanically done by the 
artificer, may be better done phyfically, and 
on the contrary. Whereas goldf{miths, firft 
directed probably by fome chemift, by boiling 
filver-{purs, hilts, &c, of curious workman- 
fhip in falt, allom, and argol, give it that white- 
neis and clearnefs, which it would fcarcely be 
fecurely brought to by brufhing,or pumice-ftone, 
or putty. And the like clearnefs, experience 
has informed us, that old fullied pieces of good 
gold may be broughttoin a trice, by the help of 
‘warm aqua fortis. And as there are divers other 
things (lome of which you will find mentioned 
in a following effay) that, though wont to be 
done mechanically, may be done better by phy- 
fical means; fo of thofe things, that ought 
to be done mechanically, many things, that are 
wont to be done by the labour of the hand, 
may with far more eafe and expedition (the 
quantity confidered) be performed by engihes ; 
by which, if they be fkilfully devifed, our ob- 
fervations make us bold to think, that many 
more of thofe, that are wont to require a la- 
borious or ficilful application of the hands, may 
be effected, than either fhop-men or book-men 
feem to have imagined. For not to mention 
thofe feveral] inftruments, on which I have ex éem- 
pore played divers tunes, that I had never learned, 
when we ice, that tumber is fawed by wind-mills, 
and files cut by flight inftruments, and even 
filk Stockings woven by an engine, befides divers 
other artificial inventions left not named, be- 
cafe they cannot intelhetbly be fo in few 
words, we may be tempted to afk, what 
handy work it is, that mechanical contrivances 
may not enable men to perform by engines. 

Tairpuy, there may bedeficiences alfo in 
this, that what the artificer undertakes is either 
long in doing (as in the ordinary way of tan- 
ning, brick-mdking, feafoning of wood, &c.) 
or takes up more pains, or requires a greater ap- 
paratus of inftruments, or elfe 1s fome other 
way more chargeable, or troublefome, or la- 
borious to be effected, than it needs be. And 
thefe kinds of deficiences may in very many 
cafes be fupplied by the expenmental philofo- 
pher. As I know an inquifitive perfon, that 
has, upon a folemn trial, tanned as well as the 
matters of the profeffion, in far lefs ime, (and 
if I much forget not, ain lefs by above half) 
than they ; fo in fome places they have a quick 
way of feafoning fome kinds of wood, for the 
ufe of fea-timber, by baking it in ovens, (which 
way I have alfo known ufed here in England, 
to feafon fome forts of wood for other ufes in 
a few hours ;) fo, whereas our grinders of diop- 
trical glaffes have hitherto believed, that they 
mutt make ufe of Venice glafs, which is very 
dear, aad oftentimes very {carce to be come by, 
fome virtuofi, confidering, that the great clear- 
nefgs of an object-glafs is rather an inconve- 
nience, than avery defirable qualification, have 
newly taught fome of the artificers to employ 
that coarfer and cheaper fort of glafs, they call 

Vor. Il. 


by the Natura ist’s Lafight into TRaveEs. 


green-glafs, which is made here in England, 
inftead of the other, which now begins to be 
thought by the fkilful (with whom my obfer- 
vations difagree not) to be inferior to it. And 
feveral dyers employ our woad, which is not 
far fetched and much cheaper, inftead of the 
eaftern indigo, for dying of fome, (if not all) 
forts of blues, and thofe other colours, which 
that grand tin¢ture prepares the cloth to receive. 
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Four Tuty, another fort of deficiences or . 


inconveniencies may be the want of durable- 
nefs, either as to the very being of the thing 
produced by the artificer, or as to the beauty or 
the goodnefs of it. 

Or the former fort may be (not to mentiort 
the decay and fouring of cyder, perry; &c.) 
the cracking of glafs of its own accord, and 
particularly that, which is complained of by di- 
vers, who deal in telefcopes, that the object 
elaffes, which are wont to be made, as I was 
faying, of fine Venice glafs, will fometimes, 
efpecially in water; flaw of themfelves, and fo 
grow ufelefs, to prevent which, fome, that are 
very curious, carry them in their pockets. 

OF the latter fort, is the fading of the bow- 
dye of water colours in limning, and the ruft of 
fhining arms, and other polifhed fteel. Divers 
of thefe incoveniences alfo the naturalift may 
obviate or remedy ; as fome of the virtuofi a 
bove-mentioned, by teaching the glafs-grin- 
ders to make the object glaffes of their telef- 
copes of green glafs, have taught them a way 
to make them durable in fpight of the viciffi- 
tudes of weather. And I have had pieces of 
artificial cryftal, whereof fome, though in no 
long time, cracked in fo many places, that they 
changed their tranfparency for whitenefs ;_ yet 
another, though much larger, did, as } con- 
jeGtured it would, hold found during fome 
winters, nor was ever broken but by accident: 
and I remember, [told the artificer, in whofe 
furnace the cryftal, that lafted not, had been 
made, that I took, as I do ftill, the reafon of 
the difference to be, that the durable cryital had 
but a due, and the other an over great propor- 
tion of fixed falt. The reafons of which con- 
jecture I fhall have occafion to give you in a- 
nother place. | 

AND, as to the fcarlet dye (whereof I late- 
ly made mention) that it may be much ad- 
vanced, as to point of fixednefs and laftingneds, 
beyond the common bowdye, I was perfuaded 
by an honeft merchant of Amfterdam, who had 
got agreat eftate by colouring of cloth, and 


was particularly curious about the fcarlet dye. . 


For he prefented me with a piece of fcarlet (of 
which he faid he could make enough at a rea- 
fonable rate, wherein he almoft defied me to 
find either any part undyed, or to ftain 1t with 
vinegar, lixivium, and other liquors, that he 
named ; and indeed by cutting it [found, that 
though it were a thick piece of cloth, the mid- 
dle of it was not (as is ufual in fcarlets) white 
or pale, but it was dyed quite thorough ; and 
though ef farlet 1 fhall eHewhere. have occa- 
fion to fpeak farther, yet I the rather mention 
if in this place ; becaufe it affords mea notable 
imftance, that trades may be confiderably im- 
proved by thofe, that do not profefs them. 

Y y | For 


“r 


2 


TI 7 + a, f 


For the moft famous Cernelins Drebel, who 
was theinventor of the true fcarlet dye, was a 
mechanician, and a chemift, not a dyer ; and 
as an ingenives man, that married his daughter, 
related to me, was jo far from having been 
verfed in that proteffion, when fome merchants 
pethim upon the advancement of certain way 
of dying a fine red, or rather crimfon, that 
had been a while before cafually lighted on in 
Holland, and proved very gainful tothe finders, 
that he did not know fo much as the common 
way of dying theordinary reds, though the mer- 
chants having once taught him, that, by the 
help of a fagacious conjecture (to be told you in 
one of the following effays) he foon invented 
the true fcarlet dye, which has fince been fo 
much efteemed. 

Ir now remains, that I mention in a few 
words the optatives, that may be propofed by 
the naturalift about the particular trades he 
would improve. By which name of optatives 
I mean all thofe perfections, that being defira- 
ble, are rather very difficu!t, than abfolutely 
impoffible, to be obtained. Of which opta- 
tives, there may fometimes belong feveral to 
one craft or profeffion. 

Or this fort, in the black-{mith’s profeffion, 
may be the making iron to be fufible, witha 
gentle heat (as the fame of a candle) and yet 
hard enough for many ordinary ufes. In the 
glafs-men’s trade, and the looking-glafs-makers 
may be the making of glafs malleable or flexi- 
ble. In the clock-maker’s trade, the making 
the newly devifed pendulum clocks, ufeful in 
coaches, -oats, fhips, and in other cafes where 
they are put into irregular motions. 

In the brafier and copper-{mith’s trade, the 
making of malleable foder. In the fhip-wright’s 
art, the making of boats and other veffels to 
go under water. In the diver’s profeffion, fome 
{mall and manageable inftruments, to procure 
conftantly, at the bottom of the fea, freth air 
not only for refpiration, as long as one pleafes, 
but alfo for the burning of lights. 

In the affay-mafter’s trade, the quick-melt- 
ing down of ores, and cupelling of them, or 
at leaft of metals, in a trice, without bellows 
or furnace. 

In the carver’s and joiner’s trade, the way of 
giving a fhape to wood in molds, as we do to 
plafter of Paris and burnt alabatfter. 


Tknow, Pyrophilus, that fuch optatives may 
be thought but a civil name for chimerical 
projects; but I fhall hereafrer more fully de- 
clare to you, why I think it not altogether un- 
ufeful, that fuch optatives fhould be propofed, 
provided, as I hinted above, that they be very 
difficult, and not impoffible ; that is, that they 
be fuch, as are not repugnant to the nature of 
the things, nor the general principles of reafon 
and philofophy, and feem no otherwife to be 
chemically or mechanically impoffible, than be- 
caule we want tools, or other inftruments and 
ways to ;erform fome things neceffary to the 
compafiing of the propofed end, or to remove 
fome difhicuities, or remedy fome inconve- 
niences, that are incident to us in the profecu- 
tion of fuch difficult defigns. 


the Goops of MANKIND may be much encreafed, Fe. 


Anpb let me here tell you, Pyrophilus, that 
this advantage may be derived from the de- 
vifing of fuch optatives to bold and fagacious 
men, that if they defpair of attaining to the 
perfection they are invited to atin at, they may 
at leaft endeavour toreach fome approximation 
toit. Thusunfufpected eye-witnefles have in- 
formed us, that in fome countries, they are 


wont to fhoe horfes without the help of a forge 


bringing theiriron to fuchatemper, that, having 
a company of fhoes ready made, they can eafi- 
ly hammer them cold, {fo as to fit them to the 
fize of any horfe’s foot, which the heat of the 
climate, where this is ufed, makes the greater 
conveniency. Nor doI much doubt, but, that 
by various tempers, iron may be made very 
foft and afterward hardened ; and the rather 
becaufe, as I elfewhere tell you, we have, with- 
out antimony or fulphur, melted it in a cruci- 
ble, fo as to pour it out like lead, and yet af- 
terwards it grew harder, than it was at firft. 
So, that flexible looking-glaffes may be made 
with the help of felenitis, you will elfewhere 
be fhewn ; as alfo to foliate with eafe all kinds 
of hollow glaffes, and fo turn them into fpecula. 
That malleable foder may be made, though 
we have not yet performed it, we do not much 
defpair, and by good filver-foder fome ap- 
proximation to it has been already made. 

SUBMARINE navigation, at leaft for a fhort 
fpace, has been fuccefsfully attempted by the 
excellent Cornelius Drebel, as Merfennus affures 
us; and as J have been informed, both by 
Drebel’s fon-in-law, and by other judicious 
perfons, that have had the account of trials 
from the very men, that went in the veffel un- 
der water for a good while together ; who af- 
firmed, that though there were many in the 
boat, yet they breathed very freely, and com- 
plained not of any inconvenience for want of 
frefh air. And here alfo give me leave to take 
notice, that this inventive Dredel was no pro- 
feffed fhip-wright, nor fo much as bred a {ea- 
man. 

As for the optative propofed for the divers, 
I know one of them, who by a flight inftru- 
ment, that is all under water, and has not, as 
others, any chimney open to the air above the 
furface of the water, has been able to ftay di- 
vers hours at the bottom of the fea, and re- 
move his refpiratory engine (if I may fo call 
it) with him; and Mer/fennus affures us, that 
a much better way, and in my opinion an ad- 
mirable one, (if the thing becertain) was found 
out and practifed in his Country, by one Barieus, 
who was able to ftay fix hours under water, by 
the help of an almoft incredibly {cant proportion 
of air, and even to preferve, at the bottom of 
the fea, the flame of a lamp or candle, in a 
veffel not much bigger, than an ordinary lant- 
horn. 

As to the optative propofed in the affay- 
mafter’s trade, [ fhall in the next effay teach 
you away of cupelling in {mall quantities, 
without a furnace, or coals, or ordinary cupel, 


-or other veffel. 


Anp Iremember, that by way of approxi- 
mation, I made acertain powder, with which, 


without a furnace, I have, in a trice, melted 
lead- 
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lead-oar (which very often holds filver) into 
metal, and perhaps confumed fome of the 
bafer metal too. . | . 

Awnp laftly, as for the making of emboffed 
works of wood in molds, I am credibly in- 
formed by a learned man, that it was actually 
performed lately at the Hague by the fecretary 
of a foreign ambaffador ; but of the way I 
could not procure the leaft hint, though fup- 
pofing the truth of the relation, I fufpectit was 
done either by fome menftruum, that much 
foftened the wood, which may afterwards be ea- 
fily hardened again, by which way tortoife-fhell 
may be molded; or elfe, by reducing the 
wood into powder, and afterwards uniting the 
parts into one body with fome very binding 
and thin kind of glue, whofe fuperfluous parts 
may afterwards be preffed out. And I re- 
member, I began (but was accidentally hindered 
to proceed) atrial to make an approximation 
to this, by the help of a rare glue, of which 
Thad the hint, without being much beholding 
to him for it, from the practice of an inge- 
nious trade{man, which as I now prepare it, 
is made by foaking the fineft ichthyo-colla (i. e. 
izing-glafs) for twenty-four, or at leaft for 
twelve hours, in fpiritof wine (or even com- 
mon brandy, for the menftruum need not be 
very good, unlefs for fome particular ufes.) 
When by this infufion the liquor has opened 
and foftened the body (which will much fwell) 
both the ingredients are very gently to be 
boiled together (and kept ftirring, that the 
ichthyo-colla burn not, till all be reduced to a 
liquor, fave perhaps fome ftrings, that are not 
perchance .very diffoluble) when it 1s boiled e- 
nough, a drop, fuffered to cool, will foon turn 
to avery firm jelly, and whilft it is hot, it fhould 
be ftrained thorough a piece of clean linnen 
into a glafs or other veffel, that may be kept 
well {topped ; a gentle heat fuffices to melt 
this glue into a tranfparent hquor with little or 
nocolour, and yet this fine thin glue holds fo 
ftrongly, and binds fo very faft, that having 
fometimes taken two ordinary {quare trenchers 
(for the round ones are wont to be too thick) 
and laid the one a pretty way over the other, 
a little of this liquor put between them, and 
fuffered to dry of it felf, united the trenchers 


fo faft, that when force was employed to break 
them, it did it elfewhere, not where they were 
joined together : fo that it feems, the gluten; 
that faftened the trenchers together, was ftrong- 
er than that, which joined the parts of the 
fame trencher to one another. ‘The other ufes 
of this jelly (which by reafon of the fpirit of 
wine, will not eafily corrupt like other jellies) 
belong not to this place. Only I thall add to 
our prefent purpole, that having taken fome 


common faw-duft, and after having imbibed it 


with melted glue, ftrained out flightly whae 
was fuperfluous, through a piece of linnen; 
and fhaped the reft with my hand into a ball, 
this negligent trial (which was only made to 
fee whether a more accurate might be hopeful) 
made the ball; after it had been leifurely dried, 
fo hard, that being thrown feveral times againft 
the floor, it rebounded up without break- 
ing; but as I was faying, an accident hin- 
dered me from profecuting the experiment, 
which therefore I recommend to you. 

I will not now ftay to tell you, Pyrophilus, 
how it may affift you toward the making fuch 
approximations, as we have been {peaking of a 
little above, to take each of the difficulties, 
you would furmount, into the feveral parts it 
-may be conceived to confift of, and make an 
enumeration of the poffible ways of maftering 
each of thefe, according to fome methods, that 
might be propofed ; becaufe to difcourfe of 
this fubjeét would take up too much of the 
time alloted to the following effays, and there- 
fore J fhall conclude this, by obferving to you; 
that as you are, I hope, fatisfied, that experi- 
mental philofophy may not only it felf be ad- 
vanced by an infpection into trades; but may 
advance them too; fo the happy influence it 
may have on them ts none of the leaft ways, by 
which the naturalift may make it ufeful to pro- 
mote the empire of man. For, that the due 
management of divers trades is manifeftly of 
concern to the publick, may. appear by thofe 
many of our Englifh ftatute-laws yet in force; 
for the regulating of the trades of tanners, 
brick-burners, and divers other mechanical 
profeffions, in which the lawgivers have not 
{corned to defcend to fet down very particular 
rules and inftructions: 


APPENDIX, 


1. LJAVING in the foregoing effay men- 

tioned a way of making fpherical, and 
other hollow looking-glaffes, with an intima- 
tion, that it fhould not be a fecret to you; I 
fhali no longer delay to acquaint you with it, 
partly,becaule, though it may feern but a curio- 
fity, yet ic may not proveufelefs to you in making 
very eafily, divers catoptrical experiments, 
that are otherwife difficult enough ; and partly, 
becaufe trial hath informed me, that fome ways 
prefcribed, of thus foliating glaffes, were much 
inferior to what was pretended. And even in 
a recent and famous writer, I lately found a 
procefs of performing this, which when I had 


\ 


read over, I foretold it would not fucceed, 
which prediction was foon verified by experi- 
ence ; and. indeed they; that know the way 
and difficulty of foliating much more tra¢table 
glaffes, than hollow ones, will fcarce wonder, 
that it fhould not be found a very eafy matter 
to foil, efpecially, without heat, {pherical, cy- 
lindrical, and other concave glaffes on the in- 
fide, to which the figure of the glafs prohibits 
ordinary foils to be faftened : yet a mixture, 


. that by the fuccefs appeared tobe fit enough for 


fuch a purpofe, I chanced to fee employed by 
an illiterate wandering fellow I met with in the 


country, the confideration of whofe practice 
2 did 
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did, I confefs, fuggeft to me another mixture, 
that I afterwards feveral times tried, and found 
it to foliate not only {pherical glaffes (to which 
he confined himfelf) but other concave glaffes, 
at leaft as well as his, if not better, which he 
held for a great fecret, and which indeed ex- 
celled any I have met with in print. To give 
you then the way I have practifed my felf, take 
tin and lead, of each one part (by weight) 
melt them together, and forthwith add of a 
good tinned-glafs (or bifmuth). two parts, 
carefully fkim off the drofs, and afterwards, 
taking the crucible off the fire, before the 
mixture grow cold, put to it ten parts of clean 
quick-filver, and having ftirred all well toge- 
ther, keep this foliating liquor in aclean new 
glafs for ufe. When you would employ it, 
{train it through a clean linnen cloth, to fever 
it from drofs, and then by the hole of the 
{pherical or cylindrical glafs, put in a long and 
narrow funnel of paper, reaching almoft to the 
bottom of the glafs, that the falling liquor 
may not {putter to the fides. By this funnel 
you muft foftly pour in fome ounces of the 
mixture, and then dexteroufly and leifurely in- 
clining the glafs every way, endeavour to make 
it faften on all the inward cavity thereof: this 
being done for the firft time, and the veffel be- 
ing laid afide for fome hours, that the foil may 
the better ftick to it, it is beft to take it in 
hand again, and after the former manner fre- 
quently, but flowly, pafs the liquor over thofe 
parts of the glafs, which by holding it againft 
the light you fhall difcern not to have been fuf- 
ficiently foliated the firft time ; afterwards the 
glafs being again laid afide for fome hours 
more, the former operation is to be reiterated 
once (or if it be needful twice) more, until 
you find the glafs equally and fuffictently foiled, 
which when you perceive it is, you may gently 
pour out the fuperfluous liquor, to be referved 
for the fame ufein other glafles. Laftly, with 
a cloth well fprinkled with putty or {craped 
tripoli, or for need powdered chalk, the out- 


fide of the glafs muft be carefully rubbed, to 
take off the foulnefs it may have contracted by 
being handled, and to make it look clean and 
polifhed. 

Tus way I have made ule of in glaffes of 
feveral fizes, and figures, and preferred before 
that, which I remember, I once {aw tried, and 
was afcribed to a learned Italian, one Ceneparius, 
as being more eafy than it, and more fafe in 
regard ours need no arfenick. I fourtd it alfo 
much better than another, which is kept as a 
fecret and highly efteemed, becaufe though the 
the ingredients, abating the tin, be the fame 
in both, yet in the way already delivered, the 
hquor or amalgam being ufed cold, there is no 
danger of breaking the glafs to be poleated, or 
miftaking the degree of heat to be given it, 
to both which inconveniences trial taught me, 
that the other way is obnoxious. 

Ii. Anp on this occafion it will not be 
amifs, to acquaint you, that I made this im- 
provement of our way ; that having made the 
outfide of glaffes fo foliated very clean, I have 
(by laying on very thinly fucha kind of var- 
nifh, as that yellow one elfewhere defcribed, 
as fit to make gilt-leathern hangings) made 
them appear richly gilt, and yet fo bright and 
polifhed, that they would, notwithftanding this 
gilding, fervevery well for looking giaffes. 

Iii. Wuar other improvements J made of 
this experiment, I muft not here infift on, ef- 
pecially that 1 may comply with the hafte, which 
obliges me to emit, what I had thoughts of 
annexing here about varnifhes ; fo that though 
I have made many trials (whereof another 
time you may command an account) about {e- 
veral forts of them, fome, that emulate gilding 
upon metals as well as leather, others, that 
imitate and diverfify (if not alfo excel) the 
China varnith, and others defioned for differing 
purpofes, yet | can at prefent only tell you in 
general, that they are an ufeful, as well as or- 
namental, fort-of productions, and capable (if 
{ miftake not) ef much improvement. 
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OR; 


That the Knowledge of Peculiar Qualities, or Ufes of 
Phyfical Things, may enable a Man. to perform thofe 
Things Phyfically, that feem to require Tools and Dex- 
terity of Hand, proper to Artificers. 


HE particulars to be mentioned 1n this 
eighth eflay might have been ranged 


partly under the preceding difcourfe, 
and partly, under the eleventh effay, (which 
will be the laft of this treatife,) whofe titles are 


comprehenfive enough to take in the inftances, 


that make up this prefent difcourfe ; which yet 
I have rather chofe to deliver apart, not only be- 
caufe they feem fomewhat differing from the ex- 
amples alledged in the two mentioned effays, but 
chiefly becaufe the ufes, that may be made of 
fuch inftances, may make them deferve a dif- 
tinct and peculiar mention. For it is both a 
notable argument of the induftry of mankind, 
and may prove a great encouragement to It, 
that the help of philofophy may fupply the of- 
fice of manual dexterity, ftrength, or art; and 
a knowing head may do what is thought not 
performable, but by a fkilful hand, or an arm 
aflifted by fome inftrument or engine. And 
of thefe inftances (which may be juftly looked 
upon as fo many trophies of human knowledge, 
and fo many incitements to human induftry) 
it will'be needlefs to make any divifion; and 
therefore I fhall barely fet them down as they 
come into my mind, no other order being ne- 
ceffary for particulars, that are brought but as 
proofs, and have not a dependency upon one 
another. . 

THE affertion, that makes the title of this 
difcourfe, the king of Spain finds true fo much 
to his advantage, that, if I miftake not, it a- 
mounted, for a good while, to divers millions 


yearly. For whereas formerly in the filver-- 


mines of Potoff in Peru, (accounted the richeft 
in the world) it was wont to bea very tedious 
laborious, and confequently chargeable work, 
to fever the filver particles of the ore from the 


ignobler parts of it, by many flow and coftly, 


both manual and metalurgical fufions, and o- 

ther ways of fegregation, much of that‘ la- 

bour is now faved by Pero Fernandes de Valefco, 

who, as “coffa informs us, firft made ufe of 
Vou. II. 


at Potofi of the property of quick-filver to a- 
malgamate with the nobler metals. For now; 
by accurately grinding the powdered and 
fearfed ore with quick-filver (ftrained through 
acloath) and falt, and decoéting them for five 
or fix days, in pots and furnaces fitted for the 
purpofe, the greedy mercury licks up the filver 
and gold (which it fometimes meets with) 
without, meddling with the ignobler parts of 
the ore ; and being enriched with as much of 
them as it can imbibe, and diligently wafhed 
from the adhering fordes, the amalgam is, by 
diftillation with a ftrong fire, freed from the 
mercury 3 which coming over revived into 
the receiver, leaves behind it the fixed metals; 
viz. gold and filver, which may be afterwards 
(if need be) eafily reduced into bodies, and 
parted by the common way. And by a not 
unlike way fome of our gold{miths and refiners 
are wont (as themfelves inform me) to regain 
out of the duft and fweepings of theit fhops, 
the filings and other fmall particles of gold and 
filver, which fall to-the ground in their opera- 
tions, and in procefs of time may amount toa 
confiderable value. 

To make an head, exactly reprefenting the 
fize, fhape, and lineaments of the face of any 
living man, feems to require an exquifite fkill 
in the ftatuary’s art ; and yet at my defire, and ° 
in my prefence, that was lately performed by 
a tradeiman, after the following manner. The 
party, whofe face was to be caft off, was laid 
flat upon his back, having round about the 
edges of his forehead, his cheeks, and his 
chin, fomething placed to hinder the liquid 
plaifter from running over on his hair: then 
into each of his noftrils was put a hollow piece 
of {tiff paper, of about a quarter of a foot 
long, and of the figure of a fugar-loaf, and o- 
pen atboth ends, that the affufion of the plarf- 
ter might not hinder him to take breath. And 
of thefe pipes, which were carefully oiled over, 
the acuminated extremes refted upon his noftrils, 
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and the other were fupported by one of the af 
{iftant’s hands. 
oiled over, to hinder the plaifter from fticking 
to it, with oil-olive, and his eyes being fhut, 
alabafter newly calcined in a copper-kettle, till 
it was as white as before, was tempered up 
with fair water to the confiftence of batter, and 
by fpoonfuls nimbly put all over his face, till 
the matter lay every where near an inch thick. 
Almoft as foon as it was all laid on, it began 
to grow fenfibly hot, and in about a quarter of 
an hour hardened into a kind of lapideous con- 
cretion ; which being gently and eafily taken 
off, fhewed us, in its concave furface, the exact 
impreffions made there by the parts of the face, 
and even by the fingle hairs of the eye-brows. 
In this mould they caft a head of good clay, 
by working it in, and on that head they open 
the eyes, which in the prototype and mould 
were fhut, and, if need be, heighten the fore- 
head, and make what other amendments they 
think fit; and anointing this new face with 
oil, they after the former manner make a fe- 
cond mould (of two parts, contiguous all along 
the ridge of the nofe) with calcined alabatter, 
and in this fecond mould (lightly oiled on the 
infide) they caft with the fame matter the 
fore-part of an head, more like the original, 
than ever I faw made by the moft flalful ftatua- 
ry, and yet with fo much eafe, that the very 


firft trial I made my felf to caft a face thus,. 


fuccecded. 
To cake the imoreffion of a leaf, or other 


flattith part of a piant, it may feem requifite: 


that a man be a good painter; and yet I found, 
that the thing may be performed, only by 
holding a whole leaf (or fprig of rofemary, 
&c.) inthe fmoke of a piece of common gum 
fandarack, rozin, camphire, or fome fuch bo- 
dy, that emits a copious and fuliginous fteam, 
(for which purpofe I have made ufe of a com- 
mon link, when that was moft at hand:) for 
the leaf being well blacked by thefe fumes, 
and placed betwixt the leaves of a fheet of white 
paper, if you carefully prefs the paper upon 
the leaf with the haft of a knife, or fome other 
fmooth thing, you may thereby print on the 
paper in a few moments the exact fize and fi- 
gure, but not colour, of both fides, but efpe- 
cially the back-fide, of the leaf, with the very 
ramifications of the fibres that are diffeminated 
through it. And this may be performed, 
thcugh not fo lively, by blacking the plant, 
whofe picture is required, with the fumes of a 
candle or taper, (efpecially if it be of wax) in- 
ftead of thofe of the aforementioned refinous 
concretes, and afterwards proceeding as in the 
former experiment: which fometimes may be 
of good ule to you, when you turn botanift, 
and in your travels meet with plants, whofe pic- 
tures you think worth having, but have not 
time or conveniency to draw them. 
ANOTHER Inftance, of the fame import 
with the foregoing ones, may be afforded us 
by the art of etching, whereby copper and 
filver-plates may be enriched. with figures, 
which may feem to have been made by the. 
tool of iome excellent graver, and yet thofe 
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engravings do not require the prefumed ma- 
nual f{kill, and are made without fuch tools, by 
having a peculiar fort of varnifh (for on the 
coodnefs of that, depends much of the fuccefs 
of the operation) on the plates, and drawing 
an it the figures to be engraved. For all thofe 
lines, where the plate is freed from the var- 
nith, by fkilfully tempered aqua-fortis (from 
whofe corrofive violence the remaining varnifh 
fecures the reft of the plate) may be fo curi- 
oufly wrought on by thole few artifts, that are 
fkilful in it, that I nave very feldom feen love- 
lier cuts made by the help of the beft tem- 
pered and beft handled gravers, than I have 
4een made on plates ctched, fome by a French, 
and others by an Englifh, artificer. 

But the knowledge of the phyfical proper- 
ties of things may fometimes enable a man to 
perform, not only things to which mechanical 
tools and manual dexterity feem to be neceffa- 
ry, but fome things alfo, whereto even mathe- 
matical inftruments, and fkill in mathematicks, 
are thought requifite ; of which I fhall at pre- 
fent propofe a couple of inftances. 

In the elfewhere mentioned French abridge- 
ment of Gelileo’s Italian book *, I find a paf- 
{age very pertinent to our prefent defign, which 
agreeing very well with our obfervation of that 
kind, we fhall propofe it a little more clearly 
as follows. 

SUPPOSE 1n a high church (the book exem- 
plifies Nofiredame) the great candleftick, that 
hangs from the top of the church being made 
to fwing, a philofopher, that has obferved, 
that the vibrations of a pendulum, though the 
arches it defcribes be unequal, are in the fenfe 
formerly declared equitemporaneous ; and that, 
when the ftrings, at which fuch pendulums 
hang, are very unequal, their lengths will have 
the fame proportion, as is between the fquares 
of the numbers of their fingle vibrations per- 
formed in the fame time: fuppofe, I fay, that 
fuch a perfon have a pendulum with him, 
whole itring (which may be of any length, fo 
it be determinate) is, for example, a yard 
long, it will not be difficult for him, without 
any quadrant, or geometrical inftrument, to 
find out the length of the ftring that fupports 
the candleftick, and confequently the height 
of the church. For the candleftick and the 
fhort pendulum being made to {wing, begin- 
ning both at the fame time, let us fuppofe, 
that when the candleflick has made nine vibra- 
tions, the pendulum of a yard long has made 
54, the fquares of thefe two numbers will be 
81 and 2916; and becanfe, as we lately faid, 
the length of the pendulums will have the 
fame proportion with the fquares of the num- 
ber of their vibrations, dividing 2916 by 81, 
the product will be 36; which fhews, that the 
{tring, at which the lamp hangs, is 36 times 
as long as that of the fhorter pendulum, and 
confequently a yard, containing three feet, 
amounts to (36 yards or) 108 feet. 

Upon the knowledge of another phyficak 
property of heavy bodies, I remember I have 
grounded a way to meafure vaft heights and 
depths without any geometrical inftruments, 
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what is wont to reguire 
and in fuch cafes, where fuch an inftrument 
cannot be imployed, by the help of a pendu- 
lum; which, becaufe in this cafe it muft be 
very fhort, will require an attentive and expert 
obferver. For it being known, that a ftone, 
er a piece of lead, or the like folid weight, 
falling from a height, does fo accelerate its 
defcent, that the differing {paces it has tranf- 
mitted, at any differing times affigned, wilk 
have betwixt the fame proportion with the 
fquares of the times, wherein the refpective 
fpaces were tranfmitted ; if it be once known 
by diligent obfervations, how far a ftone, or 
fuch a folid body, (whofe greater or leffer bulk 
is not here confiderable) does fall at the end 
of the firft fecond-minute of its motion down- 
wards, it will be cafy enough for a naturalift, 
verfed im the doctrine of proportions, to col- 
lect from the time, that-the ftone imploys in 
defcending perpendicularly from'the top of a 
high tower or fteeple, how high that building 
is. ‘This way of meafuring, provided atten- 
tion and accuracy be not wanting, we found 
aereeable enough to divers obfervations of our 
own and our friends; and by this way, one 
may meafure the depth of a well (to. the fur- 
face of the water) how deep foever, though 
the bottom, as it is ufual, by reafon of the 
darknefs, cannot be feen, which makes the 
depth unfit to be meafured by quadrants, and 
fixch ke geometrical inftruments. For, if at 
the fame time, that you let fall a ftone, or 
other weight, you alfo let goa pendulum, that 
vibrates quarter-feconds, that is, makes two 
excurfions, afd as many returns in the fixtieth 
part of a minute, and reckon its vibrations, 
till you hear the noife made by the ftone 
dafhing againft the water in the bottom of the 
well, you may eafily enough collect the depth. 
For let it be fuppofed, that it be found by 
experience, that a falling ftone, or other like 
weight, do in the firft fecond-minute of its 
defcent, difpatch (as the diligent Merfennus 
affirms himfelf to have often found) 12 feet, 
(which I underftand of French, not having 
found it hold in Englifh meafure,) and let us 
alfo fuppofe the pendulum to have perfected 
fix fingle vibrations before the dafhing of the 
{tone againft the water was heard; if we pro- 
ceed according to the rule formerly given, we 
fhall find, that if the time, wherein the falling 
{tone tranfmitted thofe fpaces, that are to direct 
our calculation, be one and fix, the fquare of 
thofe two numbers being 1 and 36, the ftone 
miuft have fallen at the end of the fixth fecond 
36 times as far as at the end of the firft. And 
fince by obfervation (about whofe accuratenefs 
we need not be folicitous here, where we de- 
fign only the giving an explanatory example) 
a falling ftone in the firft fecond defcends 12 
foot, we need but multiply 36 by 12, to ob- 
tain in the product 432, the perpendicular 
depth.of the well to the furface of the water. 
And the fame number may be colleéted, and 
perhaps you will think more eafy, by fuppofing, 
as Galileo’s experiments feem to prove, that 
a falling body accelerates its defcent according 
to a progreflion of odd numbers, beginning 
from an unit; fo that, if in the firft fecond- 
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minute, or any other determinate part of time, 
it falls one fpace, whatever that be, in the 
next dccond it will fall three fpaces, and in the 
third five fpaces, and fo onwards: according 
to which reckoning, if the falling body be fup- 
pofed to defcend 12 foot, during the firfk te- 
cond, it will defcend 36 (befides the former 
12 In the next fecond,) in the third 60, in the 
fourth 84, in the fifth 108, in the fixth #32, 
which fummed up together, amount to 432. 
find, by the fame way, onc may meafure the 
height of divers precipices how great foever, 
as far as one can reach downward tn a perpen- 
dicular line. And one may alfo give tome 
guefs at the depth of fome volcanos, which are 
not acceffible to thofe, that know but the com- 
mon ways of menfuration, or which have 
burned the ropes, and even melted down the 
chains and weights, by which fome curious 
perfons have attempted to fathom their depth. 
It is true, that in mathematical rigour, fome 
abatement ought to be made, becaufe the 
{tone {trikes the furface of the water, or the 
bottom of the precipice, fome little while be- 
fore the found, produced by that ftroak, can 
arrive at our ears. But unlefs the height or 
depth to be meafured be very extraordinary, 
this allowance, for the delay of the nonfe, ei- 
ther may be neglected without much inconve- 
nience, or in probability, will fcarce exceed a 
quarter (or at moft half) of a fecond; fince, 
as has been elfewhere noted, it has been found 
by obfervation, that a found in the air moves 
above twelve or thirteen hundred foot in one 
feeond. And in what I have here delivered 
concerning the way of meafuring depths and 
heights by the falling of a heavy body, I have 
been much confirmed by an obfervation I 
chanced to meet with in an outlandifh book, 
which I have not now by me to look out the 
place, where the mathematician, that writes 
it, who feems to have been a diligent ob- 
ferver, affirms, that he found a weight let 
fall from the top of a church, or fteeple (for } 
remember not which, nor is it matertal,) fo 
high as to amount to 300 foot, to reach the 
ground in about five feconds; which agrees 
very well to what we have been delivering. 
For fuppofing the weight to fall 12 foot the 
firft fecond, at the end of the fifth fecond it 
muft have fallen 25 times as far, (x and 25 
being the fquares of the numbers of the 
feconds of time,) and confequently 300 
foot. 

To flit (or divide tranfverfly into flakes or 
leaves) fo thin a piece of metal as an old groat, 
which feems not to exceed, if it fo much as 
equal, the thicknefs of a leaf of white paper, 
may be thought, if it be feafable, to require 
fome very fubtle dividing inftrument, with an 
edge finer than that of a razor; and yet the 
way of performing this by phyfical means 1s 
but an almoft ludicrous experiment, which (if 
you know it not already) is eafily thus made. 
Take three pins, and ftick them in the form 
of a triangle, at fuch a diftance from each 
other, that the groat may reft upon the heads 
of them: put upon this thin piece of metal 


almoft as much flower of brimftone, or, : 
, leaft, 


180 


Of doing by PHYSICAL KNOWLEDGE 


leaft, finely powdered fulphur, as will con- 
veniently lie on it; then kindhng the {ful- 
phur, Ice ir burn out of itfelf,; which done, 
take off the groat, and throwing it hard 
againft the floor, the upper part, with the ad- 
hering remains of the fulphur, will be parted 
from the lower: which (lower) if the coin 
were not very thin, will retain its former fhape. 
I have obferved in this experiment, a pretty 
circumi{tance or two, the knowledge of which 
is very apt to be mifemployed, and need not 
here be mentioned: though I would not filently 
pafs by the experiment itfelf, becaufe as ludi- 
crous as you may think it, it may fuggeft un- 
common fpeculation to a confidering naturalift, 
and alfo intimate a way of preparing filver, of 
which I may elfewhere tell you the practical 
ule. 

He that takes notice of fo pretty a variety 
of colours and fhapes, as may be difcerned on 
a fkilfully made fheet of marble-paper, will be 
apt to conclude, either, that the differing 
colours were laid on one by one with a pencil, 
which would require a great deal of time and 
pains ; or that the fheet was marbled by being 
printed off from fome plate, on which the 
differing fhapes were cut or engraven, and the 
differing colours fingly placed, which would 
require yet more labour, and a greater appa- 
ratus ; whereas the whole fheet is painted thus 
varioufly and delightfully at once, and in a 
trice, by the contact of the furface of a vef- 
fel full of water, on which the colours (firft 
blended a little, by a quick and eafy motion 
of the artift’s hand) are fo ordered, as to fwim 
without being confounded. This artifice hath, 
as I am informed, been delivered by the curious 
Kircherus, But if you have a mind to know the 
particulars of it more fully, you may command 
me to acquaint you with what I have learned 
from experience, by which the practice is fup- 
pofed to have been of late improved. 

Ir it were propoled to free weak fpirit of 
wine, or aqua vite, froma great part of its 
phlegm, the generality of diftillers would think 
it not to be effected, but by the help of fire 
and a furnace, an alimbeck, or fome other 
diftillatory veffels ; and yet, without the help 
of any of all thefe inftruments, I have fome- 
times taken pleafure to dephlegm brandy, (as 
they call weak fpirits of wine of the firft diftilla- 
tion,) only by putting it into falt of tartar. 
For confidering the faculty this alkalizate body 
has to attract (as men commonly fpeak) or 
imbibe the aqueous particles, that fwim in the 
air, and refolve itfelf, with them into that 
liquor, that the chemifts call oil of tartar per 
deliquium, there feemed fufficient reafon to 
expect, that the fame falt being put very dry 
into phlegmatick fpirit of wine, would embody 
with the phlegmatick parts, with which, if it 
Were not overcharged, it would probably keep 
them feparate from the more fpirituous liquor ; 
fince fuch oil of tartar as I have juft now men- 
tioned, and dephlemged fpirit of wine, will 
fwim upon one another without mixing; and 
accordingly, I have fometimes taken pleafure, 
by putting a fufficient proportion of dry falt of 
tartar into brandy, and leaving it there for 
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fome time (for the experiment will, to be 
compleated, require fome while) to make 
fome ieparation of a great part of the phlegm, 
which by degrees diffolving the falt, will re- 
duce again part of it into a liquor, that will 
keep its furtace diftinct from that of its fuper- 
natant {pirit, and if confounded therewith by 
the fhaking of the glafs, would fpeedily part 
from it, and regain its own ftation; and if 
you would have a feparation of the phlegm 
begin to appear quickly, you may compafs 
what you intend, by tying up a convenient 
quantity of dry falt of tartar in a dry rag of 
linnen cloth, and immerfing it a little while in 
the brandy, and then lifting it upa little above 
the liquor; for the phlegmatick parts being 
copioufly imbibed in the falt, which will be 
thereby refolved into a ponderous liquor, will 
in drops (whole defcent will be diftinguifhable 
enough, if the glafs be held againft the light) 
fall to the bottom of the fpirit of wine. And 
left you fhould fufpect, that this defcent comes 
not from their weight, but from the force they 
acquire in falling through the air, you may 
keep the rag immerfed beneath the furface of 
the liquor, and yet may perceive the efflux and 
fubfidence of the lixivium we have been fpeak- 
ing. of. ; 

THERE are fome cafes, wherein bodies, 
that are to be held very foftly, are either fo 
brittle, that it would be hard to hold them faft 
enough without danger of breaking them; or 
elfe fo fmall, and {fo inconveniently fhaped, 
that it would be very difficult to procure inftru- 
ments to lay hold on them, and keep them 
movelefs in the inftrument: and in feveral 
fuch cafes the ufe of tools, to hold faft fuch 
bodies, may be advantageoufly fupplied by ar- 
tificial cements. As I remember I have known 
the glafs-grinders, inftead of more mechanical 
tools, employ pitch, melted and made up with 
afhes, very well ftirred and incorporated with 
it, into a fuff pafte. For this mixture, being 
by a fit heat brought to a convenient foftnefs, 
the glafs to be ground or polifhed is bedded in 
it, in what pofture, and as far as, the artificer 
pleafeth ; and by the fame mixture the glafs 
being faftened, at the end of a ftick or fome 
proper inftrument of wood, the glafs, upon 
the cooling of the cement, remains firmly 
faftened, until the artificer have done with it 
what he defigned ; after which, by foftning 
the cement with heat, he can readily take it off 
again. 

Anpb even the diamond cutters, who, to 
grind thofe ftones into fhapes, are wont to 
employ a very vehement attrition, make ufe, 
for holding their diamonds, efpecially when 
they would polifh them, of a cement, the like 
to which I remember I have fometimes made 
to other purpofes: for themfelves have con- 
feffed to me, that they made theirs chiefly of 
rofin, melted and brought to a ftiff pafte, with 
fine brick-duft, to which one of the eminenteft 
of them for fkill adds a proportion of fealing- 
wax 3 (I told him I preferred plaifter of Paris 
before brick-duft, and he told me he did the 
like.) 
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Anp indeed by variety of cements we may 
be aflifted to make divers experiments, that 
we could not otherwife make fo well, if at all ; 
for which reafon I have been fomewhat curious 
about making a pretty numberof fuch mixtures, 
whofe compofitions you may tommiand of me. 

THERE are divers artificers, efpecially thofe, 
that flic and poliih cryftal, agates, and other 
hard ftones, and cut feals in gems, who have 
need of powders of emery, of differing degrees 
of finenefs, and fome of them extremely fub- 
tle : to obtain thefe, one would think it necef- 
fary to have variety of fearces, and fome of 
them as fine as it 1s poflible. But the fkil- 
fulleft artificers judge they can obtain their 
defire much better by fair water, than by the 
beft fearces. For having in a mortar beaten 
the hard body of emery, as long as they think 
neceflary, they put the powder into a pail, or 
other fit veffel, full of water ; and then with a 
ftick, or fome fuch thing, they ftir very well 
all, that is at the bottom, that it may be raifed 
and thoroughly mingled with the liquor ; then 
pouring it out into another veffel, the groffeft 
and the moft ponderous grains of the difperfed 
powder will firft fall to the bottom, and give 
a powder lefs grofs, than that, which remained 
in the firft veffel, which may be again beaten 
{mall in the mortar. Afterwards they pour thé 
troubled water of the fecond veffel into a third, 
and there fuffer the duft. to fubfide, and then 
decanting the liquor, if this duft be not yet fine 
enough, they trouble the water again, and 
after a little while, pour it off either into one 
veffel, or two, or more, fucceffively, according 
to the exigency of their ufes ; and then fuffer- 
ing the tranfvafated water to fettle for fome 
hours (more or fewer,) as the difperfed duft 
is more or lefs light, they decant the liquor, 
or fuffer it to exhale, and take the remaining 
powders, of which that, which fettles floweft, 
will oftentimes be ftrangely fubtle. And by 
this way, if a man will have patience to pour 
fuccefively the troubled liquor into veffels 
enough, and give the difperfed powder a com- 
petent time to let fall the lefs ight parts, be- 
fore the upper part of the water be poured off 
into the veffel it 1s finally to fettle in; he may 
obtain feveral degrees of powders, lefs and lef$ 
wrofs, and fome fo fine, as one would adimire 
how it was made fo. And this (Pyrophrlus) I 
the rather mention to you, becairfe it is not 
only from emery, but from divers other bodies, 
that one may obtain extremely minute, and 
(as they fpeak) impalpable powders, of great 
ufe in fome of the moft curious trades, and 
perhaps in phyfick too. For I may elfewhere 
tell you, how I apply this way to magifteries 
of cryital, and of gems, and even to Crocus 
Martis ; the naming of which laft puts me in 
mind to add, that a chemift, much prized for 
finer Crocus Martus, than others of his pro- 
feffion, and thereby enabled to fell it at an 
extraordinary rate, confeffed to me, that it 
‘was to the artihce | had been commending, 
‘that the Crocus he fold owed ail its advantages. 

Ir has long been, and ftill is, in many 
places, a matter of much trouble and expence, 


as Well of time ay money, to cut out of rocks 
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of alabafter 4nd marble, great pieces, to be 
afterwards fquared or cut into other fhapes; 
but what by the help of divers tools and in- 
{truments cannot in fome quarries be effected, 
without much time and toil, is in other places 
eafily and readily perfomed, by making, with 
a fit inftrument, a {mall perforation into the 
rock, which may reach a pretty way into the 
body of it, and have fuch a thicknefs of the 
rock over it, as is thought convenient to be 
blown up at one time ; for at the farther end 
of this perforation (which tends upwards) there 
is placed 4 convenient quantity of gunpowder, 
and then all the reft of the cavity being filled 
with ftones and rubbifh ftrongly rammed in, 
(except a little place, that is left for a train,) 
the powder, by the help of that train being 
fired, and the impetuous flame being hindered 
from expanding itfelf downwards, by reafon of 
the newly mentioned obftacle, concurring with 
its own tending another way, difplays its force 
again{ft the upper parts of the rock, which, 
in making it felf a paffage, it cracks into feveral 
parts, moft of them not too unweildy to be 
manageable by the workmen. ; 

Anp by this way of blowing up rocks 4 
lttle varied and improved, fome ingenious ac- 
quaintances of ours, employed by the publick 
to make vaft piles, have lately (as I reteived 
the account of themtfelves) blown up or fcat- 
téred, with a few barrels of powder, many huri> 
dred, not to fay thoufand, tuns of commionrock. 

To give {mall glaffes the fhape, that is re- 
quifite to fit them to ferve for covers to thé 
dial-plates of watches, and for other purpofes, 
to which artificers fometimes employ them, one 
would think it neceffary, that they fhould be 
ground, or otherwife wrought with tools, by 
a fkilful hand, to give the glaffes the concave, 
as well as the convex figure they ought to 
have. And yet I have learned by trial, that 
a flat plate of glafs of a competent thicknels, 
that has its two furfaces {mooth and parallel to 
each other, being ¢arefully laid upon a deep 
ring of iron, or a fhallow and hollow ¢ylinder 
of the fame metal, and of the diameter re- 
quired, fo that the edge of the glafs (which is 
to be reduced to roundnefs) thay every where 
reft_ upon that of the cylindrical piece of 
metal; the heat of the firé warily. and {fkil- 
fully adminiftred will fo foften this plate of 
glafs, that its own weight will fo deprefs the 
middle parts, that the glafs will thereby ob- 
tain the figure required. And though fuch 
claffes do not conftantly fall juft into the de- 
fired figure, yet when they are fkilfully or- 
dered, they fall into it fo often, that I am 
told, that fome ingenious artificers have quit- 
ted the ordinary way of making covers for 
watches, for that we have been defcribing ; 
which, though not free from cafualties, is yet 
fo much more cheap and eafy.. 

We have in fome parts of England various 
Kinds of talk, or /apis Saeed (feveral of 
‘which I have been poffeffor of,) and of fome. 
of them there is fo great plenty, that one may 
procure good ftore for little or no charge : but 
the reducing of a great lump of this talk to 
fine powder, if ic muft be done the common 
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way, by beating it in mortars, and fearcing 
it often, will require much time and pains ; 
but as I have feveral times tried, the {maller 
pieces may, by the help of an actual flame, be 
quickly reduced to a {now-white calx; fo by 
the experiment of a fagacious acquaintance of 
mine, even great lumps of it may, almoft in 
atrice, be brought to fine powder, by heating 
them red-hot, and cafting them, while they are 
fo, into cold water, whereby there will pre- 
fently be made a comminution of them into a 
fine, and as it were, mealy calx. 

Tue ground of this operation ts much the 
fame with that, whereby fome chemifts granu- 
Jate maffes of gold and filver, when they pour 
the ftrongly melted metal from a competent 
height into cold water, whereupon there hap- 
pens a diffilition of the parts of the metal ; 
many of which fall to the bottom in little frag- 
ments. But the more eafily fufible metals, tin 
and lead, may be quickly and better granulated 
by the mechanical way, frefhly mentioned, as 
to talk. I remember, I was wont (efpecially if 
the ignition and extinction were repeated two 
of three times) to reduce cryftal flints, almoft 
inatrice, toa fitnefs to be eafily brought to a 
very fubtle powder, proper to make amaufes 
(or counterfeit gems) of. : 

Tuer mention J have already made in this 
effay, of what may be performed by the facul- 
ty, that burnt alabafter, made liquid with wa- 
ter, has to grow hard again, puts me in mind 
of another inftance, very properly referrible to 
the fubject of this efflay. For one, that beholds 
how curioufly oranges and lemons, and other 
Fruits are counterfeited in wax, would imagine, 
that fo lively a reprefentation of: them could 
not be effected, but by a hand, as fkilful at 
leaft as that of a painter; fince by this plaftick 
art, not oranges, and lemons, &c. in general, 
but this or that particular orange.or lemon may 
be moft lively reprefented ; and yet you may 
learn this art within one hour or two, the thing 
being performable eafily and quickly: for 
having the orange, &c. we would imitate, we 
bury it half way in a coffin of clay, whofe 
brim, together with the extant part of the fruit 
being oiled over, to keep the mixture from 
fticking, the tempered alabafter (or plaifter of 
paris) is nimbly laid on to a good thicknefs, 
and, uponits concretion, removed, whereby 
you obtain an half-mould for that part of the 
orange ; then the formerly latent part of the 
fruit being likewife placed uppermoft in the 
half-mould, which fhould have fome pretty 
deep notches cut in the rim of it, which, with 
the protuberant part of the fruit, ought to 
be oiled, the tempered mixture 1s likewife put 
upon that, and thereby an exact mold is com- 
pleated, at any convenient part of which a 
hole being made, to pour in alittle tempered 
and coloured wax, when it is brought by fufion 
to a due heat, (for every degree of that qua- 
lity is notconvenient,) fhaking the mold nim- 
bly and every way, the wax comes to be {fo ap- 
plied tothe internal furface, that when the mold 
iscold, and the parts taken afunder, you have 
an orange of wax very lively reprefenting the 
original, S 
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THERE are fome circumftances belonging 
to this- eafy and delightful art of molding and 
cafting in wax, (which is pleafant enough 
to be practifed even by ladies) that I purpofe- 
ly omit; what has been mentioned being 
fuficient to fhew you as much as is necef- 
fary for my prefent purpofe. And I the rather 
pitched on this experiment, becaufe it may af- 
ford us another inftance, not impertinent to the 
defign of this tract. For one, that fhould fee 
how great a cavity 1s left within the counter- 
feit orange, wouldthink, that there were fome 
great and rare artifice requifite to caft it thus 
hollow, and make fo {mall a quantity of wax. 
reach to the counterfeiting of fuch a fruit ; 
whereas the bare fhaking of the mold, when 
the melted wax is in it, together with the ex- 
panfive endeavour of the included air, applies 
the wax to every part of the infide of the 
mold, and thereby turns it into one great film, 
which one would think it very difficult to fepa- 
rate, without injuring it, from the mold, to 
which it is applied fo clofe : and indeed it 
might be fo, if nature did not again affift the 
artift, by making the mixture, when it cools, 
fhrink a little, and thereby part eafily from the 
mold it ftuck to. 

Bur one of the prettieft and the ftrangeft 
artifices, that belong to this effay, is that, where~ 
by the knowledge of a few unheeded phyfical 
properties of two or three bodies may enable 
aman to perform that, which feems to require, 
not only good tools, and great dexterity in the 
art of graving, but likewife an exquifite fkill in 
caligraphy, or the art of writing fair: for I 
know a graver, famous for fkill in his profef- 
fion, who writes, as 1 have had good opportu- 
nity to obferve, but a bad hand ; and yet this 
man with his tool writes rarely well, and wilk 
imitate and emulate the fineft copies of the 
choiceft writing-mafters, fo that even virtuofi 
have much admired how a man, with a {tiff i- 
ron tool upon a tough copper-plate, can write 
incomparably fairer, than the fame perfon can 
with a good pen upon paper. But to eafe you 
fomewhat of your wonder, I fhall add, that 
though this artifice be kept fora choice fecret, and 
though I could not learn a confiderable particu- 
lar or two, which belong to the delicacy of it; 
yet (partly by putting queftions, and partly by 
fome trials of my own) I attained to the fub- 
{tance of this myftery, as they call it, which 
feems to be this, 

A writing-mafter, or fome other, that writes 
a very fair hand, is defired to write a copy, or 
what elfe is to be engraven, with a peculiar 
kind of ink, which differs not in thew from 
common ink, being fully as black as ir, Then 
they take a very clean and well-{moothed cop- 
per-plate, which being moderately warmed, 
is to be fo rubbed over with a certain white var- 
nifh, or fomething equivalent (to be men- 
tioned a little beneath,) that when the plate 
grows cold again, it may be thinly and evenly 
caft over with a kind of fkin or film (if I may 
fo call it) of varnifh ; then lightly moiftening 
the paper, that it may part with its ink the 
more readily, the written fide is to be laid on 
the prepared fide of the plate, and that, toge- 
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ther with the’ paper being paffed through a 
rolling-prefs, enough of the ink will ftick (but 
in an inverted pofture) to the varnifh, whofe 
whitenefs renders the black letters very con- 
fpicuous ; fo that it is eafy with a needle, fit- 
ted with a wooden handle, to draw over the 
very fame lines and ftrokes through the yield- 
ing varnifh upon the metalline plate, whence 
they may, after the plate 1s by heat, or other- 
wife, freed from the varnifh, be compleated 
with a graver; and laftly, when the whole en- 
graving is finifhed up, may be printed off in 
a rolling-prefs like ordinary cuts. And even 
without a rolling prefs I have fometimes taken 
off written characters, only by -laying the 
moiftened paper very {mooth upon the var- 
nifhed copper, and rubbing it hard thereon 
with a convex piece of glafs, or fome fuch 
{mooth and hard body, whofe preffure makes 
the ink ftick to the varnifh, for which I have 
ufed the purer fort of virgin wax, if the ink be 
good; and have been laid on plentifully enough 
by the pen. That ink, which I moft ufed, I 
made only of fine Franckfort black, as the 
painters, that fell it, are wont to call it; by 
grinding it little by little, but very diligently, 
with water, till ic had attained the confiftence 
of a fomewhat thick ink; in which this only 
circumftance is carefully to be obferved, that 
no gum be added, as is ufual in other inks, 
left that hinder its coming off. 

Anp here it will not be impertinent to the 
argument in hand to add another artifice, 
whereby a printed cut may be fo far taken off, 
that at leaft the out-lines and the principal 
ftrokes may be ready copied for the graver’s 
hand 3 by which way: befides other ufes that 
may be made of it, copies of rare and choice 
pieces may be progured, and the perifhing or 
want of the originals fupplied: if then the 
print to be taken off be recent enough, (as it 
is wont to be, if it exceed nota year, or per- 
haps two,) then the paper needs only be well 
moiftened, as if it were to be printed off ata 
rolling-prefs (with the ink proper to which, it 
is fuppofed, that the cut was, as ufually cuts 
are, printed off:) but if the picture or fcheme 
be more ancient, it muft be laid all night to 
foak in water, and then hung in the air, till it 
have but fuch a degree of moifture as makes it 
fit for the rolling-prefs, The paper being thus 
prepared, either by bare wetting, or by fteep- 
ing, the printed fide is to be laid upon a cop- 
per plate, thinly cafed over, as was formerly 
directed, with virgin-wax; for the plate and 
. paper being put into a rolling-prefs, the com- 
preffion of that will make the moiftened ink 
ftick to the pure wax, which confequently will 
take the impreffion of the cut, or at leaft of the 
outlines and chief ftrokes of it. 

THERE is another thing, which feems above 
all thefe to require the exprefs and immediate 
' operation of the hand, and it is a phyfical way, 
if I may fo fpeak, of tranfcribing a whole page 
of a letter, or other writing, all at once. Whe- 
ther this can be performed cheaply and eafily 
enough for common ufe, is hereafter to be 
confidered. But that, abftracting from thefe 


circumftances, it is poffible to be done, (by an 
artificial application of phyfical things) I have 
been perfuaded by fome experience; of which 
I may in one of the following papers give ycu 
a more particular account, than I now conve- 
niently can, . 

in the former part of this effay, Pyropbilus, 
I have prefented you fome inftances, wherein 
phyfiological knowledge may be fubftituted 
for manual dexterity, mechanical tools, and. 
even mathematical inftruments: but now to 
fhut up this difcourfe, I fhall fubjoin a relation, 
that will manifeft, that even a mathematician 
and an engineer may fometimes perform that 
by the knowledge of a flight phyfical quality 
of obvious bodies, which, without that know- 
ledge, all his fkill in mathematical difciplines, 
and his vaft and artificial engines, will not have 
enabled him to accomplifh. For who would 
think, that by a comparatively few pounds of 
water (perhaps the moifture of the air in wet 
weather might have fufficed) a maffy body of 
peradventure fome hundred thoufand pounds 
in weight fhould be raifed ; and yet, that this 
was performed at Con/tantinople, is one of the 
remarkableft things I remember I met in the 
ingenious account of his voyage, that is given 
by the learned Busbeguius, embaffador from 
the king of the Romans to the Turkifh empe- 
ror. His words are thefe, * De odelifco, cujus 
fupra memini, qui eft in bypodromo, fic Grect 
commemorant; a bafi convulfum multis feculis ja- 
cuiffe humi: tempore pofteriorum imperatorum 
repertum architetium, qui operam fuam in eo fue 
bafi reftituendo deferret , illumque, poftquam de 
pretio conventum effet, ingentem apparatum or- 
ganorum ex trochleis &9 funibus prafertim infit- 
tuiffe, quibus lapidem illum ingentem erexerit, 
fublimemque eo evexerit, ut uno tantim digito 
abeffet'a dorfo aftragalorum, quibus imponi debe- 
bat, tum indicaffe populum fpetiatorem oleum ills 
operam tanti apparatus pertiffe, magnifque denuo 
laboribus &8 impenfis opus inftaurandum : at illum 
minimée dififum perito a@ rerum naturalium {ct- 
entia fubfidio jufiffe afferri immenfam aque vint, 
qua multis boris in machinam illaminjecta, funes, 
quibus obelifcus librabatur, fenfim madefatios ri- 


gente/q; (ut eorum eft nature) fe contraxiffe, Sic 


ut obelifcum altiis fublatum in aftragalis ftatue- 
runt, magna cum admiratione &9 plaufu vulgi, 
And for confirmation of this narrative, it may be 
added, that the fame thing is mentioned by good 
authors, as having been practifed elfewhere’; 
and alike ftory is allowed, and fomewhere 
made an argument of, to another purpofe, by 
that great mafter of mechanicks Ga/leo himéelf. 

To catch any ftore of fifh the ordinary way, 
you know it is cuftomary, that even in rivers, 
either ftore of angles, and fome fkill in ufing 
them, or nets, or fome other artificial inftru- 
ments be made ufe of; and if it be in the fea, 
that men are to fifh, large nets or fome pecu- 
liar contrivances are employed as neceflary ; 
and one would not expect from fuch people as | 
the Americans, eafier ways of fifhing than thefe, 
and yet thefe illiterate barbarians, by having 
found out (probably by chance) the phyfical 


property of a wood, make that ferve them : 
cat 
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catch fifh in great plenty, and with as much 
eaie. For our late Englifh navigators ‘have 
obferved, ‘as their voyages witnefs, that in 
fome.parts of the We/t-Enaies, the natives, by 
impicgnating the water with this ‘wood, do fo 
ftupify the fifh, that rolling up and down upon 
the furface of the water, as if they were foxed, 
‘they are eafily taken up in great numbers in 
‘their hands: which relation of our feamen I 
therefore, notwithftanding its ftrangenefs, {cru- 
ple not to alledge, .partly becaufe, that though 
we do not ufe a fimple drug, much lefs a 
wood, for the fame purpofe, yet our foxing- 
ftuff, as they call it, which is buta flight com- 
pofition, produces effects not much inferior; 
and partly, becaufe having purpofely enquired 
of a learned phyfician, that came not long 
fince out of a part of America, where this 
practice is in requeft, he affured me, that he 
‘faw the Englifh themfelves ufe this way of 
fifhing, only by tying a log of this wood, to 
‘which, for what reafon I know not, they have 
given the name of dogwood, to the ftern of 
their boats; fo eafily does the odd property of 
this wood enable them, that make ufe of it, to 
catch fifh. 

To take off the hair is generally fuppofed 
to require both a razor and other implements, 
and the manual fkill and operation of a barber, 
efpecially if the hair be grown under the arm- 
pits, amd in other places, which an inconve- 
nient fituation or figure makes to be of difficult 
accefs. and yet by the knowledge of a pro- 
perty of that natural production, formerly 
mentioned in the fixth effay under the name 
of Rufma, the hair may be, without inftru- 
ments, taken off from any part of the body, 
and that not only in much fhorter time than is 
required to fhaving, but, as far as the eye is 
wont ‘to difcern, by the roots, which makes it 
much Jonger before the part be again covered 
with hair of the former dimenfions. The 
way ufed in the eaft to efte& this the forecited 
Bellonius annexes, inftead of which I thal tell 
you what I tried with a parcel of it, brought 
into LExgland before I met with his obferva- 
tions about it. We mixed the fine powder of 
it with an equal weight of {trong powdered 
quick-lime, (Béllonius, -probably not without 
reafon, prefcribes but half as much quick-lime, ) 
and having fuffered them to foak together a 
fhort while in a little fair water, we thinly 
{pread the foft paft or ime, made by the wa- 
ter and ingredients, upon that part of the body, 
-Which we defigned to free from hair; and 
having fuffered this mixture to ftay on about 
three minutes, or fixtieth part of an hour, mea- 
fured’ by a minute-watch, (our author pre- 
Acribes as long time as is requifite to the boil- 
‘ing of an egg,) we wiped it off with a linen 
cloath dipped in warm water, and found the 
hair taken off by the roots, without any incon- 
venience to the part, that we could difcern, 
though I feveral times fhewed the experiment 
to others, and the trial of it was more than 
once made upon my felf. 

Iv may feem fcarce poffible, without the 
help of water, or any engine made with fprings 
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or wheels, to meafure time, though but for a 
little while, as exactly as our beft clepfydra’s, 
clocks, or watches, are wont todo. And yet 
(which is now a known, and almoft vulgar 
thing) fuch an account of time may be kept 
by him, that has obferved, that the vibrations 
or diadroms of a. pendulum, are made in fenfi- 
bly equal fpaces of time, though the arches 
continually decreafe, that are made by the 
{winging pendulum, (as you know they now 
call a bullet, or the lke weight hanging at the 
end of a ftring from a nail, or other fixed 
fupporter.) For by fo flight a thing, as I have 
been mentioning, if you watchfully obferve 
and reckon the returns, that the fwinging 
weight makes towards you in a minute, or 
other determinate {pace of time, doubling the 
number of thofe returns, and adding thereto 
an unite, if you left off counting, when’ the 
weight was at the further end of the arch de- 
{cribed by its motion, you may obtain a more 
accurate divifion of time, than by any of the 
formerly known ways of meafuring it. For 
if you make your pendulum of the length of 
very little (perhaps a tenth of an inch) lef 
than ten inches (or twelve parts of our Enelith 
Yoot*) accounted from the nail, or other 
thing, whence it ‘is fufpended, to the center of 
the piftol-bullet, (or the like fmall round 
weight ;) and, removing this a pretty way 
from the perpendicular ic naturally refts in, 
fuffer it to fall gently out of your hand, each 
of its two {winging motions (the one whereby 
it is carried from you, and the other whereb 

it returns to you) will be (efpecially, whilft the 
arches are of a moderate length) phyfically 
equi-temporaneous, and thefe motions will very 
diitinctly enough, to an attentive eye, divide a 
minute, or fixtieth part of an hour, into an 
hundred and twenty parts, (called half feconds,} 
and will confequently divide an hour into fe- 
ven thoufand two hundred parts, if not per- 
fectly equal, yet lefs unequal, as to fenfe, than 
the divifions of time made even by good 
watches are wont to be. And therefore this 
way may be of very great ufe, in making af 
tronomical and other obfervations, that laft 
not long, but require exact meafures of time. 
And by the help of a pendulum, a fkilful mv- 
fician of my acquaintance, teaches his unprac- 
tifed {cholars to keep time when they fing in 
his abfence. But when we meafure experi- 
ments by the excurfions and returns of a 
weight, the beft way is to make the duration 
of the pendulum’s whole motion (before it 


come to reft) as long as the place where the 


experiment is made will permit, renewing 
now and then, ‘if need be, the impulfe given 
to the weight, when the arches begin to grow 
too fhort ; that being increafed, the vibrations 
may be the better reckoned. 

T’H £ mention I have been making of the 
ufes of pendulums, joined to that I lately made 
of zquivelocity of founds, brings into my 
mind another inftance pertinent to this part of 
our difcourfe. For it is not impoffible, by the 
knowledge of the velocity of a found’s motion 
in the air, and the zquivelocity (as to fenfe) 

| of 
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of great and fmall founds, to meafure without 
geometrical inftruments, in fome cafes, the 
breadth of a river, though exceeding wide, 
or the diftance of the place one ftands in, from 
the top of a high tower or hill on the other 
fide of ariver, or fituated in fome inaccefiible 
place, and this, in cafes, where the difference of 
{tations ufually in geometrical menfurations 1s 
not allowed. The way is evident by what 1s 
elfewhere delivered. For it having been found 
by Merfennus’s trials, that founds (as well 
{mall as great) do move ina fecond (as they 
call the fixtieth part of a minute) 230 fa- 
thom, or thirteen hundred and eighty foot 5 
if I fee my correfpondent fire a gun on the 
other fide of the river, or if I fee muf- 
kets or other guns cafually fired on fome 
tower or baftion, though never fo far diftant, 
and never fo inacceffible to me, it is eafy for 
me, by letting fall a fhort pendulum, as foon 
as I fee the flafh of light produced by the 
kindled powder, and by reckoning the vibra- 
tions (made by that fhort pendulum, which 
diftinguifhes feconds into halves or quarters) 
that fhall happen to be made before the noife 
arrive at my ear, to know how far off the 
place, where the gun was difcharged, is from 
that [am in. Asif acorrefpondent, ftanding 
over againft me on the other fide of a river, 
or fome foldiers being there exercifing, I fee 
the flafh or fmoak of a mufket, or other gun, 
two feconds fooner than I can hear the report 
of it, I may conclude the river to be 2760 
foot broad ; and if a piece of ordnance being 
fired upon the tower of a befieged place, the 
noife arrive at my ear in half a fecond, I may 
colle€t 690 foot to be the diftance betwixt that 


gun and my ftation. And by this means muy 
that problem be performed, that we clfewlicre 
mention as a thing, which, wacn nakedly 
poied, may feem impoffitle. 


pic 


For if I fee a 


fhip at fea be fhooting, whether in earneft, or- 


for falutation, or for joy, it is very poffible for 
me to meafure, without geometrical initru- 
ments, how far it is off, though the fhip ufclt 
be under fail. For veffels, that fire guns, ufually 
firing more than one, whether to offend their 


eneinies, or to falute their friends, it is eafy to | 


take warning, by the firft gun, tu be in readi- 
nefs with a fhort pendulum againift another to 
be fired, and in this way of meafuring (though 
not in any other yet known) one may take 
diftances in the darkeft night. For it matters 
not, whether I fee the fhip or place, whofe re- 
motenefs from me I would know, provided, 
by fome candle or taper I fee the pendulum 
before the flafh of the fired gun, which will 
fuficiently difcover itfelf by its own light. 
And (to add, that upon the by) I have had 
fometimes thoughts, that if the velocity of 
eccho’s, which are but reflected founds, be fo 
well determined as that of direct founds, na- 
vigators might fometimes make ufeful eftimates 
in dark nights, whether they be near coafts, or 
confiderably great rocks. For though upon 
difcharging a gun, they cannot conclude, how 
near the fhore they are, becaufe there may ke 
parts of it lefs remote than thofe that fend the 
eccho; yet if they follow very quick upon 
the difcharge of the gun, they have reafon to 
fufpect, that the fhore, whofe approach the 
feamen do fo juftly fear in the night, is at leaft, 
as near as the vibrations of the pendulum in- 
form them, that the ecchoing place is. 
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That there is fcarce any one Thing in Nature, whereof 
the Ufes to human Life are yet thoroughly under- 


{tood. 


HIS being an entire propofition, and 
clear enough of itfelf, will not need 
to be explicated, but evinced. 

AND evinced fomewhat folemnly it will re- 
quire to be, not only becaufe it is a paradox, 
but fuch an one, as will meet with a peculiar 
indifpofition to be entertained ; fince men can- 

Vou. Il. - : 


not allow this paradox to be a truth, without 
fuch a confeffion of their ignorance, as mutt 
implicitely accufe them of lazinefs too. But 
however, I think, we may juftly enough ap- 
ply, with a little variation, to our prefent pur- 
pofe, that true faying of Seneca, Multi ad fa- 
pientiam perveniffent, nifi, (Fc, and affirm, that 

Bbb many 
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many had attained to a greater knowledge and 
command of nature, if they had not prefumed, 
that what is arrived at already, 1s much greater, 
and more confiderable than indeed it is 3 efpe- 
cially, in comparifon of what is ftill behind, 
and yet attainable: and therefore, I think it 
not fit to fupprefs the confiderations I was about 
to “mention, fince the difplaying them may 
perhaps do you and others. fervice, if they 
rouze up your curiofity, by fhewing how much 
it has been defective, and if (which they ought 
to do) they encourage it alfo, by fhewing you 
how much of nature undifcovered there yet re- 
mains, to recompence, as well as exercife your 
induftry. 

But becaufe that of the particulars, where- 
by our paradox may be confirmed, there are 
divers, that properly belong to the next enfuing 
effay, the proofs, that we fhall mention in this 
difcourfe, though I hope they will appear fuf- 
ficient alone, will yet be much ftrengthened, 
both as to number and weight, if you pleafe 
to add to them thofe inftances to be mentioned 
in the next difcourfe, that may be conveniently 
referred to this. In which I fhalf therefore in- 
fift but upon five general confiderations ; in 
all which I hope you will not forget, that I 
have already taken it for a fuppofition, which 
I doubt not of your granting me, that the 
ufefulnefs of the works of nature to us de- 
pends chiefly upon the knowledge we have of 
their properties and other attributes ; and con- 
fequently, that the more we know of thefe, 
the greater ufe we are like to be able to make 
of thofe phyfical things, (and on the contra- 
ry.) And therefore, that ought to be looked 
on as an ufe of a phyfical thing, even though 
not immediately practical, that helps us to 
make difcoveries of things, that properly may 
prove fo. 


SECTION I. 


"A ND I confider in the firft place, “© That 
‘¢ there are very few of the works of na- 
“¢ ture, that have been fufficiently confidered, 
‘¢ and are thoroughly known,” even as to thofe 
qualities, and other attributes of this and that 
body (or other phyfical thing) which belong 
properly to it, and are not thought to be fo 
relative to other bodies. It ts not only in the 
terreftrial globe, but in almoft every body to 
be met with in it, that there may be a kind 
of terra incognita, or undetected part, whofe 
difcovery is referved for our further induftry. 
Tuis will appear the lefs improbable, if 
we confidey thefe two things ; whereof the one 
is, that there are divers ways of invefting the 
attributes of bodies, as chemical, optical, fta- 
tical, &c. which being artificial, and requiring 
fkill, and induftry, and inftruments, there are 
very few men, that have had the curiofity and 
ability to examine them after thefe feveral 
ways: without which, heverthelefs,, divers 
other attributes, fame of which probably are 
capable of ufeful application, are not like to 
difcovered. To the proof of which, if it 
were needful, a multitude of paffages in thefe 
prefent effays, as well as in our other writings, 
might be eafily referred. 


¢ 


I fhall therefore rather infift a little on the fe 
cond of the two particulars lately oentioned, 
For it will eafily appear not unhkely, that there 
fhould be many things undifcovered in the o¢ 
thers works of nature, when there are fo even 
in thofe obvious and familiar objects, that men 
are frequently converfant with, and have occa- 
fion to take notice of; nay, even in thote nobk it 
of mere corporéal things, our own bodies, whe‘ 
ftructure does fo much merit our curiofity, and 
of which it fo nghly concern: no lefs than our 
healths and Itves, that we have an accurate 
knowledge. tow many new dilcovertes have 
been made in the prefent age, beyond what 
the mduftry of the pliy‘ictans and philetophers 
for above two thowfand years has been able to 
take notice of ? WitnefS the circukticn of the 
blood, the AfeHidn, Pecjuetian, and Sartho- 
linian veffels ; to which may be ad:!cd, the 
Du€us Pancreaticus, and to which F Coukt not 
will be added drivers other difcovcrics, to re- 
compence the irduftty of the anztomilts of 
this faquifitive age. 

Iw fo familiar bodies as eres and chickens 
are, which fo many thoutird perfons do daily 
fee and handle, and pertiaj»s eat, tho::gh many 
ages fince, even -frytitle was ficitous about 
the hiltory of them, conczming which hz has 
delivered divers not inconficlerable particulars ; 
yet there has been little within thet fiw years 
fo much undifcovered, that whilit men were 
hotly difputing,, whether the chick was firft 
formed of the yotk or the white, our excellent 
Harvey made it evident (which sur own obfer- 
vations have confirmed to us) that it is made 
of neither, nor yet of the tredle, (as fome 
modern obfervers have tauzht,) but of the ci- 
catricula, or fpeck, that appeurs on the coat of 
the yolk. 

W Ho would imagine, that in a body fo fa- 
miliar, and fo often treated uf by philofophers, 
as fnow, mankind fhould, tor io many ages, 
take no notice of a thing fo obvious as the 
figure of it frequently is? and yet Kepkr is, by 
a very learned writer, acknowleJged to have 
been the firit, that acquainted the world with 
the fexangular figure (as it is wont to be called) 
of {fnow, in a difcourfe by him publifhed on 
that fubject. And though I find mention made 
of it in Olaus Maguus, and have obferved it fo 
often (but not conftantly in the jane fhape,) 
efpecially about the beginning of the fealon of 
fnow, that I cannot but admire, men fhould 
not have very early heeded fo obvious a phe- 
nomenon; yet J find not the difcovery of it had 
been made fo much as an age ago. 

As many ages as vinegar has been one of 
the commoneft liquors in the world, yet, that 
it oftentimes abounds with fhoals of living 
creatures, that move, and in the mi¢rofcope 
look like little eels, was looked upon but few 
years fince as fo new a difcovery, that whep, 
as J formerly noted, I firft propoftd it here in 
England to divers very learned men and vir- 
tuofi, as a thing to be feen even without the 
help of a magnifying glafs, they took it to be 
a deception of my eyes, till their own affured 
them of the contrary. 
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TuHaT the milky way, though confifting of 
innumerable ftars, fhould for two thoufand years 
pafs for a meteor, the inconfpicucufnefsof thote 
ftars keeps me from much admiring. And for 
the fame reafon I wonder not, that the men, 
that lived before Galileo, reckoned no more 
than feven planets, or fufpected net, that Venus 
herfelf is fometimes horned, and has her full 
and wane asthemoon. ‘Though thefe inftances 
may ferve to confirm what I lately told you, 
that rnany of the attributes of bodies are not 
like to have been difcovered by thofe, that 
employed not artificial helps. But what may 
we not expect, that mankind may overlook, 
when the fun himfelf, which is not only the 
moft confpicuous body in the world, but, that 
by whofe light, we fee all the others, may have 
vaft and dark bodies (perhaps bigger than 
Europe or Ajia ) frequently enough gencrated and 
deftroyed upon him, or about him ; and men, 
without excepting aftronomers, never took no- 
tice of it, till of late years the excellent Gal:- 
leo, or the induftrious Jeluit Schztner, informed 
the world of them. And though I grant, that 
they difcovered them by the help of telefcopes, 
(inftruments unknown to the ancients,) yet if 
mcn had been as watchful, as the noblenefsand 
confpicuoufnefs of the object would make one 
expect, they might have difcovered fome {pots 
at leaft, without thofe helps. For I find by an 
Italian letter of Galileo's, that fome curious 
perfons of his acquaintance, after his difcoverivs 
had awakened them, defcryed and difcovered 
fome of thofe folar fpots with their naked eyes 
unaffifted by his tubes. 

Ir may belong to this firft fection of our 
prefent effay to take noticc, that one account, 
on which we may reafonably fuppofe men to 
be ignorant of the ufes even of thofe things, 
wherewith they think themfelves well acquaint- 
ed, may be, that the bare difference of cli- 
mates, and of places, may eyen in fuch bodies, 
as we familiarly converfe with, beget fuch new 


relations betwixt them, as may endow them’ 


with qualities, and fit them for ufes we dreamed 
not of. 

I will not here mention the differing quali- 
ties, that bodies vulgarly referred to the fame 
fpecies of plants, animals and other bodies, in 
almoft all countries,. are endowed within fome 
countries ; (as, that {piders are not venomous 
in Ireland, and Irifh wood in general, if the 
received tradition be true, has an hoftile facul- 
ty again{t venomous creatures,) becaufe the in- 
fifting on this fubje¢t would take up too much 
room in this place, and is referved for another ; 
and therefore I'll only add a couple of in- 
ftances, the one to manifeft what difference of 
climates may do, and the other to fhew the un- 
expected influence of difference of places, though 
perhaps in the fame climate. 

Tue firft of thefe examples is afforded us 
by water and ice ; for thofe, that live in thofe 
warmer regions, where it never freezes, and 
who have divers of them derided the relations 
of what happens in gelid climates as ridiculous, 
in probabilty would never dream, that it could 
be a familiar ufe of a liquor they were fo well 


* Gilbert de magnete, lib, I. c.1. 
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acquainted with as waiter, to be broken or 
beaten in mortars lixe a cry cody, and carried 
in carts or wheel-barrows from place to place, 
and kept all the year in that form, to make o- 
ther water intenfly cold in the ¢reatcit heats of 
fummer. And even amongftus, thoie, that 
have not been very inguilitive, can {carce ima- 
gine, that one of the ules of water fhould te 
to ferve for high-ways, whereon armies may 
march for divers days tugcther, with all their 
carriages and artillery, and whereon they en- 
camp and fight battles with as much afiurance 
as on the firm Jand; and yet thole, that have 
becn in Refic, and the neighbouring ne:thern 
countries, affure us, that during the winter, 
when the rivers are frozen over, they ulually 
take ercat journies on them, and oftentimes ra- 
ther than in fummer, and choofe that 1igorous 
feafon, which allows them to march every 
where without finking into the ground, to 
profecute their wars in. 

Lhe fecond of the forementioned in‘tances 
we are fupplied. with by the declination of the 
magnetick needJe from the true north and fouth 
points, and the variation of that declination. 
For though the loaditone were highly admirec 
as well by pailofophers and mathematicians, as 
the vulgar ; and though, fince the great and 
happy ufe of it to navigation has been gene- 
rally known, men have been upon feveral ac- 
counts invited to confider it with a peculiar at- 
tention and regard, yet that in fome places the 
magnetick needle does not point direétly, per- 
haps not by a great many degrees, at the pole, 
as in others it does, is no ancient obfervation, 
fince it is afcribed to Sebaffian Cabot ; and it 
appears by the writings of our famous country- 
man Gilbert himielf*, that it muft be fome 
body, that lived fince he wrote, that muft have 
the honour of being allowed the firft obferver 
of that ftrange and unexpected phzenomenon, 
that oftentimes in the felf fame place, the de- 
clination of the needle towards the eaft or 
weft does in procefs of time confiderably al- 
ter. Which difcovery Icou!ld confirm, by com- 
paring fome obfervations I have had opportu- 
nity to make, with thofe recorded by fome 
modern authors. 

Awp asthe fame kind of bodies may have 
differing qualities, and confequently ufes in 
differing places; fo they may have, if exa- 
mined or employed at differing times, com- 
prifing under that name, together with the 
four feafons of the year, thofe peculiar feafons 
or periods of time, to which fome fignal change 
of qualities or ftate in particular bodies do 
belong. 

THE mutations, upon the account of time, 


which I am here fpeaking of, are not thofe,: 


that are obvious to every eye, fuch as the dif 
fering qualities of fruit green and ripe, or the 
degeneration of wine into vinegar; but fuch as 
are not vulgarly taken notice of, and require 
either {kill or curiofity, or both, in the ob- 
ferver ; and of thefe a few inftances will fuffice 
for a tafte. 

WHEN common urine either is frefhly 
made, or has not long been kept, the — 

a 


See the fame Gilbert, lib. IV. ¢.3. 
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‘ five acrimony, that at firft blemifhed it. 


and pungent falt is fo clogged with other par- 
ticles, wherewith it 1s affociated, that ufually, 
to obtain it, one muft evaporate or diftil away 
near eight or nine parts of ten of the liquor, 
and then at length give a not inconfiderable 
heat to force up the laft: but though the 
tradefmen, that deal in urine, do commonly 
overlook the difference, yet if the crude liquor 
be kept fix or feven weeks, though not near 
the fire, the faline and noble parts will have 
fo extricated themfelves, that a very gentle 
heat will make them afcend, and leave behind 
them that phlegm, that formerly would have 
preceded them. 

TuaT the Thames water, which our na- 
vigators are wont to take with them in long 
voyages, after 2 while, if they fail into hot 
climates, ftinks very often too offenfively to 
be potable, that, which happens ufually to 
water, which is vulgarly obferved to putrefy by 
long ftanding, will eafily perfuade us ; and yet 
it is found, that this water, by being kept long 
enough in the fame veffels, though it be in 
the fame, or even in an hotter climate, will at 


length loofe its ftink, and grow potable again ;: 


as ] have, upon enquiry purpofely made, been 
affured, not enly by the vulgar tradition, but 
by two very inquifitive perfons upon their own 
knowledge; the one having particularly ob- 
ferved it, failing betwixt Europe and Africa, 
and the other in a voyage to, and from Ame- 
vyiéa. AndIthe rather mention this, beeaufe 
¥ am very credibly informed, that there are 
divers other waters, that have this faculty of 
recovering after putrefaction, which is fup- 
pofed to be peculiar to the water of the 
‘Thames. 

Ann, if I much miftake not, one or both 
of thefe very perfons named another river to 
me, with an affirmation of its having'the fame 
power of felf-recovery. And having held 
fome curiofity to try experiments, how pump- 
water, or the like rough water, as they call 
them, that would not bear foap, may be 
helped; an induftrious perfon I employed af- 
fured me, that he met with pump-waters, 
which after having ftood a few days, without 
having any thing done to them, would bear 
foap, which before they would not do. 

Corr ANDER feeds being frefhly gathered 
have been obferved to have fo much acrimo- 
ny, that divers of the ancient phyficians reckon 
them among vencmous plants; and in difpen- 
fatories they are ufually prefcribed to be pre- 
pared with vinegar, or fome other corre¢tive : 
whereas the more accurate obfervers take no- 
tice, that within a competent time after the 
feed is gathered, it lofes of it felf that excef- 
And 
the like I find obferved, by good apothecaries, 
of the roots of aron, which are mitigated by 
keeping, (and which fome noted phyficians of 
my acquaintance do little lefs magnify to me 
than does Quercetan himéfelf.) 

[(Tuat vegetables, what known way fo- 
ever they are wont to be laid up, and ordered, 
do not afford, unlefs firft reduced to foot, any 
dry volatile falt, like that of animal fubftances, 
I elfewhere more particularly declare, and thofe, 
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that have liad the curiofity to try ix, will con- 
firm: but yet by fome difcourfe [ late!y had 
with a very ingenicus perion, ard fome fub- 
fequent trials made after a way I devifed to 
examine diftilled liquors, I was fatisfied, that 
there are divers vegetables, and thole very 
commonly growing here in England, whiclt 
being gathered and laid together at a ccrtain 
feafon, and diftilled alfo at a certain nicl of 
time, will yeild, inftead of the vinegay-like, 
and other liquors, wont to be afforded by fuch 
plants diftilled the common way, a volatile 
fpirit; which in fmell, tafte, and divers ope- 
rations, as turning fyrup of violets green, hif- 
fing with acid fpirits; occ. refembles the vola- 
tile {pirits and falts of animal fubftances; and, 
which Idoubt not but you will wonder at, 
this great change, whofe fecret I wi'h I durft 
teach you, is effected without the help of any 
additament. } 

Anp, that you may not think, that it is 
only in vegetable and animal fubftances, that 
are commonly cf a more loofe or alterable 
texture, that the trying things at one time ra- 
ther than another may be very confiderable, I 
will add a couple of inftances, even in mineral 
bodies. 

Ir is achemical compiaint, even of the cu- 
rious and experienced, that though authors 
teach us to make the falt of violently dittilled 
or calcined vitriol, by forthwith taking the 
caput mortuum, (from which all the oil has 
been by the violence of fire forced out) and ex- 
tracting the faline part by effufions of water ; 
yet thofe, that make exact trials of it find, thet 
when the dark red mafs of powder is newly 
taken out of the vefiels, it is fo totally robbed 
of its faline particles, that no affufion of water 
will at all obtain from it the expected fale. 
Notwithftanding which, having purpofely en- 
quired of fome, that diftil great quantities of 
oil of vitriol, whether or no, when they had 
made an end of one diftillation, if they lay by 
the caput mortuum for a pretty while in the 
air, they could not find itimpregnated enough 
with new faline particles, to be fit to yeild 
more menftruum, and be worth another diftil- 
lation? I was anfwered in the affirmative, pro- 
vided, that (as I mentioned in the ftate of the 
cafe) there were a competent time interpofed 
between the former and the latter diftillations. 
(The reaion of which, according tomy trials and 
conjectures, may be affigned of this odd phe- 
nomenon, belongs not to this place, but you 
will hereafter mect with it in another.) 

Tue fecond inftance I promifed you, is af- 
forded me by ftones; for there are, and not 
far from this place, quarries of folid and ufeful 
ftone, which is employed about fome ftately 
buildings I have feen, and which yet is of juch 
a nature, wherein divers other forts of {tone are 
{aid to refemble it, that though, being digged 
at acertain feafon of the year, it proves good 


. and durable, asin thofe ftru€tures newly men- 


tioned ; yet employed at a wrong time it 
makes but ruinous buildings, as even the chief 
of thofe perfons, whole profeffion makes him 
more converfant with it, has himfelf acknow- 
ledged to me to have been found by jad expe- 

rience. 
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rience. But concerning this obfervation, you 
may expect to meet elfewhere with a farther 
account. 

Awnp though time and place be two of the 
principal, yet they are not the only circum- 
ftances, whofe variations may make fome fuch 
attributes difcovered in natural things, as are 
not ufually heeded ; of which I fhall mention 
but a couple of inftances; becaufe they may 
ferve to fhew you, that fuch circumftances, as 
are thought the flighteft, may afford new ufes 
even of folid and lafting bodies. Skilful arti- 
ficers, that grind optical glaffes for tubes; 
have complained to me, that oftentimes the 
convex glaffes they fafhion, will prove veiny, 
and confequently, after all their labour, of lit- 
tle value ; and yet they are not able to difco- 
ver thefe unwelcome veins in the glafs, by the 
moft careful viewing it againft the light, tll 
they have {pent a pretty deal of time about 
working of it; and even then they are unable 
to defcry thefe blemifhes, if they hold the glafs 
at an ordinary diftance from the eyes but they 
are obliged to remove it a great way (perhaps 
fix or feven foot) farther, fo much may an in- 
creafe of diftance become ferviceable, even 
where one would expect the quite contrary. 

Bur probably, you will look upon pofture 
as a flighter circumftance than diftance itfelf 
and yet Dr. Gilbert has obferved, and I have 
found it true by many trials, that long irons, 
as the bars of windows, that have ftood up- 
right for a great while, do, by that perpendi- 
ze pofture, acquire a verticity or magnetick 
virtue, as having acquired magnetick poles, 
So that if you apply the needle of a dial, which 
I mention as the readieft way of trial, to the 
Jower part of the bar, it will draw the fouth 
end of the needle; whereas the upper extreme 
of the bar will feem to drive away that end, 
and will draw the northern. 

Bur here I muft not forget to take notice, 
that I can fcarce think men will be able to 
know all the properties and ufes, even of fa- 
miliar bodies and other things, till they have 
mathematically confidered them ; there being 
feveral attributes belonging even to fuch 
things, which a naturalift, though curious, 
will probably never find out, unlefs he be both 
acquainted with mathematical difciplines, and 
have the curiofity to apply them to phyfical 
fubjects. And though in other eflays of this 
book, divers things are delivered, that do di- 
re€tly enough tend to manifeft what I have 
now faid ; yet it is of fuch importance, that 
naturalifts fhould be thoroughly perfuaded of a 
truth, that may be fo much more ufeful than 
‘it Is yet generally admitted, that I am content 
to inculcate it, by fetting down here a few in- 
ftances of fomewhat a. differing fort from thofe 

elfewhere delivered, and more appropriated to 
the prefent fubject of our difcourfe. 

You will not doubt, but that ever fince the 
firft ages of the world, the majority of men 
have had fome-occafion or other to fee bodies 
{wing; and yet, till Galileo (for he is generally 
believed the difcoverer) took notice of the vi- 
brations with a mathematical eye, men knew 
not this property of {winging bodies, that the 
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greater and fnialler arches were, as to fenft, 
equitemporaneous; from which difcovery have 
been derived feveral practifes of good ufe, 
fome of which have been already mentioned in 
thefe effays. 

THAT water, running out at a hole made 
in the fides ‘near the bottom of the veffel, makes 
a parabolical line, or one that near refembles 
it, and that in fuch effuxions of water, there 
is a determinate proportion affignable betwixt 
the perpendicular height of the liquor, and the 
diameter of the hole, whereby the velocity, 
and quantity of water, that would run out, 
may be comiputed, has not been, that I know 
of, taken notice of, till the obfervations of the 
above-named Galileo, and the diligent Merfen- 
nus (to which we niay elfewhere add fome of 
our own) have endeavoured to define thofe 
matters, 

As conftantly as we have occafion to take 
notice of the air, and water, and glafs, yet 
the curiofity of our modern mafters of opticks 
has obferved many things touching the refrac- 
tion of the beams of light, made in thofe me- 
diums in different quantities, and to and from 
the perpendicular, not to fay any thing of the 
equality of the angles of incidence, and of 
reflection made on tthe furface of ftill water, 
unheeded by thofe that are not verfed in op- 
ticks: the drops of dew, that hang in num- 
berlefs multitudes upon the grafs and leaves, 
are things, that every eye has been invited to 
take notice of by the orient colours the fun is 
wont to make them afford us; but till the 
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excellent Des Cartes, contemplating them with Meteo- 


a more critical eye, found, that in fuch a de- _ 


terminate angle made at the {fpectator’s eye, 
between the ray of light coming from a cer- 
tain part of the drop, and the imaginary 
ftraight line reaching from the eye to the fun’s 
center, the drop appeared red, and in another 
determinate angle exhibited yellow, blue, and 
other colours, and at other angles, fhewed no 
colour at all; the world ignored a confiderable 
property of fpherical diaphanums irradiated by 
the fun, and feems not to have dreamt of a 
neat hypothefis, with which fome ingenious 
mens minds are no lefs taken, than their eyes 
are with thofe vivid colours of the rainbow, 
which it pretends to give a clear account of. 
And though we daily fee pieces of wood and 
timber broken by the weight of over heavy 
bodies, yet till the often named, and ftill' to 
be commended Galileo applied geometry, and 
the doctrine of proportions to matters of this 
kind, the refiftance of folid bodies to be broken 
by weight (whether their own, or that of other 
bodies) feems not to have been fo much as 
fufpected to be reducible to fuch an eftimate, 
as he and others have brought it to. And a 
virtuofo of my acquaintance, (for whom Mer- 
fennus laid the way) in a mufical inftrument; 
that I have with pleafure heard him play on, 
can obferve a property of metals, that chemifts 
thought not of; namely, that equal wire-ftrings 
made of differing metals, and having a due 
tenfion, will yeild founds differing as to fharp- 
nefs by determinate mufical notes, or the divi- 
fions of them. And to thefe I might add. di- 
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vers other remarks of Merfeunus and Galileo 
about the force of guns, (which were found to 
increafe with their length but till fuch a num- 
ber of feet, beyond which the length did but 
leffen it) and the parabolical line, in which 
bullets (that are thought of all other bodies to 
move the ftraiteft) are faid to move; and I 
know not how many other mathematical attri- 
butes, if I may fg call them, of natural things, 
that geometricians, aftronomers, engineers, &c. 
have already obferved, might be here added, 


but that I think it fufficient to fubjoin one in- 


{tance more, that may well ferve to keep us 
from imagining, that even the moft familiar 
objects in the world, and that feem likely to 
aftord the leaftdifcoveries, have been fufficient- 
ly confidered. For how few phznomena in 
nature are there, that occur to us more fre- 
quently than the falling of heavy bodies? And 
yet though the ancients and Ariftotle himfelf 
took notice, that there was an acceleration of 
defcent in falling bodies, yet we find not, that 
any fo much as fairly attempted to determine 
that acquired velocity, till Ga/ileo’s obferva- 
tions reduced it to the proportion mentioned 
in fome of the former effays, wherein moft of 
the following mathematicians (for I have fcarce 
met with two diffenters) have acquiefced ,; and 
whereby in the eighth efflay we endeavoured 
to meafure heights and depths without geome- 
trical inftruments. Ina word, till geometry, 
mechanicks, opticks, and the like difciplines 
be more generally and fkilfully applied to phy- 
fical things, I cannot think otherwife, than that 
many of the attributes and applications of 
them will remain unknown; there being doubt- 
lefs many properties and ufes of natural things, 
that are not like to be obferved by thofe men, 
though otherwife never fo learned, that are 
ftrangers to the mathematicks, 

Anp as I have hitherto obferved of bodies, 
fo I thall venture to add of qualities, and di- 
vers other natural things, that even thofe, 
that are very familiar, may have attributes and 
ufes, which the generality of men, without 
excepting thofe that are otnerwife learned, are 
not wont to take any notice of. 

Tuart black bodies, for inftance, as fuch, 
are much more ftrongly and eafily warmed by 
the fun beams than white ones, nay, though 
the difparity be not fo great, than bodies of 
any light colour, ceteris paribus, 1s perhaps 
more than even you have taken notice of: and 
yet I hall hereafter have occafion to prove it 
by divers inftances, and you may eafily try it, 
either by expofing for fome time to the fum- 
mer-fun a white glove and a black, or a couple 
of eggs, whereof one is inked, or otherwife 
blacked all over. 

Cotp is one of the moft familiar qualities 
men have to deal with; and though they other- 
wife are not wont to expect much from it, yet 
leaft of all would they expect that it fhould, 
contrary to the received definition of it, which 
is, congregare tam beterogenea quam bomogenza, 
that it fhould, I fay, perform the office of 
heat in fpirit of wine, nay, and in prefenting 
us ardent fpirits from beer and other liquors in- 
ferior to wing; and yet, not to mention Pera- 


celfus’s procefs of making the effence of wine 
by freezing all the fegm, we have the re- 
peated experiments of navigators into the frigid 
zone, who affure us, that not only from wine, 
but from beer, by the congelation of the 
aqueous parts, there may be feparated or ob- 
tained a liquor, ftrong, hot, and fpirituous, al- 
moft like aqua-vite. 

AND even in our temperate climate fome 
odd feparations may be made by cold, for, 
not to anticipate thofe trials of mine, that be- 
long to other papers, there may, by fuch cold 
as we have here, be made a feparation in oil, 
ofa liquor much finer and more {pirituous ‘than 
the reft ; for I know an eminent artificer, “who 
kept it as a choice fecret to refort (as himfelf 
confeffed to me he did) in hard froits to the 
great jars of oil, where he often found greater 
or leffer cracks or chinks in the congealed part 
of the oil, in which cranies was contained an 
unfrozen liquor, that appeared thinner and finer 
than common oil, and was much better than 
It to preferve things from rufting, as perhaps 
having left many of its faline parts in the con- 
creted oil; and for that purpofe was much 
prized, not only by him, but by fome watch- 
makers, that were made acquainted with the 
virtue of it. : 

Bur it were tedious to infift on all the in- 
ftances, that may be brought of the applica- 
tions, that may be madeof colour, found, levi- 
ty, fpringinefs, fermentation, and even putre- 
faction ; and it would be not only tedious, but 
almoft endlefs to profecute thofe inftances, that 
might be afforded by other more general and 
operative {tates and faculties of bodies. For 
not only motion and reft, fluidity and firm- 
nefs, gravity, and the like, have a more uni- 
verfal influence of natural things, than even 
phulofophers are wont to take notice of; but 
thofe lefs catholick affections of matter, that 
are reckoned among but particular qualities, 
fuch as gravity, and heat, may have fo diffufed 
an influence, and be applicable to fo man 
differing purpofes, that I doubt, whether all 
the ufes of that particular degree or pitch of 
heat, that reigns in fire, will have all its ufes 
difcovered, before the laft great fire fhall dif 
folve the frame of nature. 

Nor muft I pretermit one confideration 
more, that belongs. to my prefent fubject, 
which is, that probably many more qualities, 
or other attributes, would be taken notice of, 
even in thofe natural things, that are reckoned 
among the moft known, if men did not want 
a meafure of curiofity, that might juftly be ex- 
pected. For I fpeak not here of curiofity in 
general, (which I doubt not would make far 
more numerous difcoveries, than were necefla- 
ry to juftify my prefent difcourfe,) but I only 
{peak of fuch a curiofity about the things of na- 
ture we familiarly converfe with, as we could 
{carce want, if it were not out of lazinefs, or 
a prejudicate opinion, that makes us take that 
for granted, that we fhould find to be quite 
otherwife, if we did not chufe rather to pre- 
fume than to try. 

Tuus, that falling bodies, the heavier they 
are, the fafter in proportion they fall, has been 
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a received opinion in the fchools fince 4ri/fo- 
tle’s time, and has kept the equivelocity, as to 
fenfe at leaft, of bodies of very differing bulks 
and weights falling from moderate heights, 
fuch as furpafs not ordinary towers and fteeples, 
from being taken notice of, till of Jate inqui- 
fitive men by experiments found it out. 

Tua water by glaciation is reduced into a 
leffer room, has been and is ftill the opinion, 
not only of the vulgar, but of the generality 
of learned men; and yet, that water is not 
condenfed, but expanded by freezing, he that 
will congeal that liquor in veffels ftrong 
enough, may eafily find by trial. And the 
floating of ice upon water, and the bubbles, 
that are ufually to be obferved in it, may alone 
to fuffice to make a confidering man diftrutft 
the vulgar opinion. 

Tuat the common air we breath and live 
in, is a body endowed with pofitive levity, 
has been for many ages, and continues to be 
almoft univerfally believed; and yet if men 
had the curiofity to examine this fuppofition 
by one or other of thofe feveral ways, by 


‘ which the gravity or levity of the air may be 
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difcovered, they would quickly find, that it is 
not devoid of weight. And even fo flight a 
way as the condenfing the air in a blown blad- 
der, by tyinga ftring fomething ftrong about 
the middle of it, may bear witnefs to what we 
fay. For though we fhould oppofe, as fome 
have lately done, that in fuch cafes the air is 
not in its natural ftate, but condenfed ;_ befides, 
that is an objection, to which all the expe- 
dients of weighing air are no way liable, it 
makes rather againft the objectors, than the 
conclufion, againft which they urge it; fince, 
if the particles of the air be really light, the 
filling the bladder the fuller of them ought to 
make it rather lighter than heavier. 

Tuar greater and leffer founds do, as to 
fenfe, move with an equal fwiftneds, is that, 
whofe contrary is taken for granted ; and the 
more excufably, becaufe it is evident and con- 
feffed, that great and fmall founds do not 
move equally far: and yet, that this equivelo- 
city of founds has been made out by the late 
obfervations of the diligent Merfennus, and 
others, you may remember to have been de- 
livered ina foregoing effay, where I alfo en- 
deavoured to fhew, that this property of 
founds is not unappliable to human ufes. 

Tuat the loadftone, which by immediate 
contact will take up iron, fhould have fo 
ftrange a property, as to take up far more when 
@Capy or conveniently fhaped piece of fteel is 
interpofed betwixt it and the body to be raifed, 
is a thing fo unlikely, that.though the ancients 
knew and much admired the attractive virtue 
of the loadftone, yet they feemed not to have 
fufpected it enough to vouchfafe it a trial: 
and yet fince Gilber?’s writings came abroad, 
he muft be a great novice in ‘magnetical af- 
fairs, that either ignores or doubts it. But I 
mutt not do any more than touch upon magne- 
tical experiments, fince they alone would af- 
ford me fo many truths (which the generality 
of men would not have thought likely enough 
to-be worth trying) that to enumerate them, 
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though it might convince your underitanding, 
would, I fear, exercife your patience. 

TuHaT itis the property of unflaked lime 
to grow hot by antiperiftafis, upon the pour- 
ing on of cold water, and other cold liquors, 
and confequently not to grow hot upon the 
effufion of liquors, that are not cold, isnot on- 
ly generally believed, both by learned and un- 
learned; but this property of lime has been 
employed as an argument to prove other mat- 
ters, as well by divers of the new philofophers, 
as by many of them, that embrace the old 
Ariftotelian principles: whereas I doubt not 
but a little trial might eafily difabufe them: 
for by the affufion of divers liquors actually 
warm, I have made lime flake with its wonted 
violence, if not with a greater. And in other 
liquors actually cold, like unheated water, and 
one or two of them far more thin or fubtle 
than it, I have kept lime long without flaking, 
and without imparting to the ambient liquor 
any fenfible heat. The quality of thefe in- 
{tances makes me think it needlefs to increafe 
their number, fince we can fcarce wifh a 
greater inducement to expect, -that many new 
attributes may be difcovered in the works of 
nature, if men’s curiofity were duely fet on 
work to make trials, than that divers have 
been found out, that feemed fo unlikely, that 
men thought it would be in vain to try 
them. | | 

To thefe feveral forts of inftances, that have 
hitherto been reduced to our firft confideration, 
might well be added, that bodies, which have 
the fame denomination, and from whence 
men are therefore wont to expect the fame, 
and but the fame, operations and ufes, may 
yet have peculiar ones, and fome of them ve- 
ry differing from thofe of the generality of 
other bodies, that bear the fame name. But 
examples of this kind will more conveniently 
be mentioned in the laft effay: and left this 
fhould fwell too much, difmifling this prefent 
confideration, we will advance to the next, 


SECTION I. 


Confider in the fecond place, that the fa- 

culties and qualities of things being (for 
the moft part) but certain relations, either’ to 
one another, as between a lock and a key; or 
to men, as the qualities of external things re- 
ferred to our bodies, and efpecially to the or- 
gans of fenfe, when other things, whereto 
thefe may be related, are better known, many 
of thefe, with which we are now more ac- 
quanted, may appear to have ufeful qualities 
not yet taken notice of. . 

I hall elfewhere, Pyrophilus, have occafion 
to thew you more fully on what grounds, as 
well as in what fenfe it is, that I take the moft 
of the qualities of natural bodies to be but re- 
lative things. To our prefent purpofe it may 
fuffice to adumbrate my meaning by the newly 
hinted example of a lock and a key, where, 
as that, which we confider in a key, as the 
power or faculty of opening or fhutting, fup- 
pofes, and depends upon the lock, whereto it 
correfponds ; fo moft of thofe powers ee 
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other attributes, that we call qualities in bodies, 
depend fo much upon the ftructure or confti- 
tutions of other bodies, that are difpofed or 
indifpofed to be acted on by them, that if 
there were no fuch objects in the world, thofe 
qualities in the bodies, that are faid to be en- 
dowed with them, would be but aptitudes to 
work fuch effects, in cafe convenient cbjects 
were not wanting. As if there were no lock 
in the world, a key would be but a piece of 
iron of fuch a determinate fize and fhape. 
And this comparifon I the rather imploy, be- 
caule it may be further applied to our prefent 
difcourfe. For as if fome barbarous American 
fhould, among other pieces of fhipwreck, 
thrown by the fea upon the fhore, light upon 
a key of a cabinet, he would probably look on 
it as a piece of iron, fit only for the inconfide- 
rable ufes of any other piece of iron made 
much broader at each end than in the middle ; 
but, having never feen a lock, would never 
dream, that this piece of iron had a faculty to 
fecure, or give acceis to all, that is contained 
in fome well furmfhed chet or rich cabinet: 
fo there 1s many a thing, that feems to us ufe- 
lefs, whilft we look upon it only in itfelf, which 
will perhaps hereafter prove highly ufeful, 
when we thall light upon Jome other bodies 
peculiarly fitted to act upon it, or receive im- 
preffions from it. But this will be better ap- 
prchended by the following initances. 

TuovucH iron be fo common a body as it 
is, and its ules are very many, and have been 
known as long as fince .2daim’s time, yet all 
thofe difiering bodies, on which men of all 
forts imployed it to work, and all thofe various 
ways, whereby chemifts, phyficians, and mi- 
neralifts have wrought on it, during {ome thou- 
fands of years, did never difcover to man one 
of its nobleit and ufefulleft properties, which, 
for aught we know, was never found out ull 
within thefe three or {cur ages: for a fteel 
needle, being applied to a loaditone, mani- 
fefted itlelf to be capable of conitantly fhew- 
ing the north and fotith in all fcas, in all wea- 
thers, and in all times of the day and night 
to navigators, who, by this property, which 
depends upon the relation that iron has to one 
only ftone, have been enabled to difcover the 
new world, and enrich the old with the crugs 
and treafures of it. 

AFTER all the vain attempts, that even 
fubtle chemifts have made to arrelt the fluidity 
of quickfilver, the knowingelt perions, that 
have medied with that mineral, and efpecially 
if they have obferved, that the keenelt frofts, 
that are capable of freezing even aqua vite, 
are unable to congeal it, have been very much 
indifpofed to reckon an cafy coagulablenefs 
amongit its qualities; and yet we fee, that 
though the mixture of no other known body 
will diiclofe its having any fuch affcétion, yet 
the vapour of melted Jead will fometimes (for 
that experiment will not always fucceed) reduce 
guickfilver, cven in its mafs, into a confiftent 
and fomewhat tough and hard body. 

VINEGAR being a liquor, that has been 
generally known and ufed for fome thouiands 
of ycars, men have imployed it upon great 
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variety of bodies, and to very many ufes, but 
efpecially to communicate a fowernefs to the 
things, wherewith it was mingled; but when it 
came (probably by chance) to be aprlied to 
the diffolving of lead calcined or crude, it ma- 
nifefted, that it had a faculty to exhibit a more 
than faccharine {weetneis, which, for avehkt I 
know, it exhibits with that metal only ; for I 
have not yet known crude vinegar diffolve tin, 
though calcined: and though by a flight arti- 
fice, elfewhere mentioned, we have becn able 
to male {trong vinegar diffolve the calx of Ju- 
piter, yet was the iolution far differing from, 
and infcrior to, the talte of the folution of lead 
newly mentioned. 

SPIRIT of urine is a liquor, that has been 
long known to chemifts, and might reafonably 
te looked upon as likely to be a good men- 
ftruum for feveral bodies : but it is not proba- 
ble, that after it had been imployed to diffolve 
divers compact bodies, it fhould be fufpected, 
that it would coagulate fo thin, Heht, and fu- 
gitive a body, as ipiric of wine itlelf ; and yet 
we have often (as there will be hereaftcr divers 
occafions to relate) tried, that if both licuors 
be fufficiently pure and dephlegmed, they will 
afford that ftrange fnow-white concretion, that 
Helmont calls his Offa ella; which, however 
by his followers afcribed to him as the in- 
ventor, I find mentioned in ancienter books 
than his: and I remember, that even Raymond 
Lully relates, with what wonder he firft faw 
this experiment (which indeed is confiderable) 
performed. 

Awnov as the fpirit of urine has fuch an 
odd property, when it meets with ardent fpirits 
dephlegmed ; fo the fpirituous parts of urine, 
without being feparated from the reft, have a 
faculty, that one may yet leis expect, if they 
be duly imployed, to operate upon mufk: as 
I have had the opportunity to inform myfelf 
by inquiry of a icholar, who hved in China, 
and affirmed himfelf to have divers times feen 
mufk made. For this perfon anfwered me, 
that he had obferved it to be the practice of 
others, and had made trial of it himfelf in 
thofe eaftern parts, that the mufk being made 
up, and put into cods or bags made of the 
fkin of the fame animal, (in which form I 
have received prefents of mufk fent me from 
the Judes) they do, either before or after, hang 
it in a houle of office, fo as it may, without 
touching the groffer bodies, receive the foetid 
exhalations of that nafty place; by which 
urinous fteams, which it is expofed to for 
fome days, the lefs active, or more immerfed 
fcent is, as it were, called out, and excited 
or heightened. And I found, by farther en- 
quiry of the fame perfon, that having carried 
mufk from thofe eaftern regions, where it 
is made, to other and remote parts of the 
fame Indies, he found, that, by the length of 
the voyage by fea, his mufk had very much 
loft its {trength, which he afterwards reftored 
to it, by following the advice of fome fkilful 
perfons, according to which he tied the mufk 
clofe in a bladder, wherein, having pricked 
many little holes with a needle, he hung it up 
for fome days in fuch a ftinking place as has 

been 


Sect. I. 


‘Geet. II. 


of the USES of 


been newly mentioned. Whereto agrees very 
well what I have read in a late eminent phyfi- 
cian of Rome, (where the art-of perfuming 
is very much cultivated) whocommunicates it 
as the chief fecret practiced by the perfumer’s 
there, for recovering the fcént of decayed 
mufk, that it be kept for a competent time in 
linnen well moiftened with rank urine. 

THe ufes of geffo (as the Spaniards and Is 
talians call it,) or gypfum, are numerous e- 
nough in the fhops of ftone-cutters, moulders 
in plaifter or wax, and divers other artificers ; 
but one would fcarce fufpeét, that, befides the 
various ufes thefe tradefmen put it to, it fhould 
have one fo very differing from them, as to be 
an excellent medicine, if-I may fo call it, for 
Wine: and yet, that they ufe great {tore of it 
about thofe choice ones, that come to us from 
the Canaries, is a noted tradition among thofe, 
that deal in that fort of liquor, and has been 
confirmed to me by an eminent Wine-merchant, 
that lived feveral years in thofe iflands. And, 


that-about Malaga they put up a good propor-- 


tion of it into the juice of their grapes, when 
they tun it up, 18 affirmed to me: by a curious 
eye-witnefs, who was there in vintage time, 
and of whom! purpofely enquired about it. 
Tuovucs filver be fo noble a metal, and fo 


much known and ufed, that it was the price of 


thingsas early as 4brabam’s time, yet one very 
fine ufe of it has been known but fince the 
art of annealing upén glafs came to be prac- 
tifed: For among othér experiments of this 
art we find, that prepared filver (and I have 
fometimes done it pretty well with the crude 
metal) being as it were burned upon a plate 
of glafs, will tinge it with a fine yellow or 
golden colour: there are alfo divers mineral 
earths, and other coarfe foffils, of ufé in this 
art, which, by the help of the fire, makes 


them impart colours to glafs, both tranfparent,- 


and fometimes Very differiho from tHbfe of the. 
bodies themtfelves, as I may elfewhere have.oc~ 
cafion to fpecify. Inthe mean time, give ie 
leave to name this refleCtion upon the art of 
painting, that it is very hard for us to be fure; 
that we know fo much, as all'the feveral forts 
ef ufes, that may be made of the particular 
bodies we converfe with, fince upon the inven- 
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tion of a new art or trade, of which we know 


not how many-reniain yet to-be found siit;' -di- 
vers uses and applications of bodies ¢omié*be 
difclofed, that were never fufpected béfore. 

THe ufe of lyes*made with common afhes 
to wafh linnen has ‘rendered them for thefe 
many ages very familiar: but though their ef- 
fects on the other bodies, upon which they have 
been employed, feemed not té have any affini- 
ty with what Iam going to menition ; yet when 
a ftrong lixivium is applied to fyrup of violets, 
(which isalfo a very: known liquor) to which it 
has a peculiar relation, it will then immediate- 
ly change the colour of that fyrup from a blue 
to a peérfec&t green; and fo it will the violet 
leaves crufhed on a piece of white paper;.with- 
out the help of ftigar, or any preparation. _ 

ReEpwess, ‘though a colour as obvious as 
moft others; and to the generality of men ve- 
ry pleafing, however it hath no offenfive pro- 
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perty, in reference to other anirnals, familiarly 
known amongft us, (at leaft, that we have 
taken notice of 3) yet being prefented to the 
eyes of turkey cocks, it has fuch an incongru- 
ity with them, that oftentimes it is obferved to 
make them very angry, as far as can be judged 
by the tokens of being difpleafed it produces 
in them. 

THE leaves of oaks, that are fuch common 
things, ahd are not obferved to have, in refe- ' 
rence to any other body, which chance or in- 
duftry applies them to, any fuch property as that I 
am about to name ; thefe leaves, I fay, if when 
frefh, they be immerfed in the water of mineral 
{fprings, impregnated with the fubtle corpufcles 
of iron, I have feveral times found to turn the 
liquor blue or ‘black, according to the propor- 
tion and vigor'of the two ingredients, 

One would’ not expect, that fo dark. and 
black a body as charcoal fhould be the main 
thing employed, not only to cleanfe and brighten 
fome metals, but to procure a clearnefs, and’ 
give a glofs to fome tranfparent bodies. And 
yet I learned from the makers of mathematical 
inftruments, gravers, and other artificers, that 
the beft way they have, and which I have feen 
them employ, to polifh their plates of brafs 
and copper, (after they have been rubbed clean 
with powdered pumice-ftone) 1s with charcoal, 
(which fome of the more curious burn a fecond 
time, and quench in appropriated liquors,) as 
that, which both ferves to fetch out the 
fcratches of the pumice-ftorie, and itfelf fcours 
without feratching, and thereby polifhes very 
fmoothly. And by the fame way they may 
cleanfe and polifh the plates of horn, of which 
they make lanthorns, drinking-cups, &c. To 
which, as to the metalline plates,.a glofs may 
be afterwards given with tripoli. 

- Peruaps it will not be improper to take 
notice to you, Pyropbilus, in this place, that 
not only the nature of the body'to be wrought 
upon, but fome peculiar circumftances relating 
to it, may contribute to the effects of fuch ex- 
periments, as thofe treated of-in this fection, 
As for example, one would not expect, that 
water, which is fo apt to run out at the chinks 
of -wooden veffels, fhould, ‘without addition, 
become the fitteft inftrument for clofing them. 
And yet I have more than once found by trial, 
as I prefume many tradefmen have done, that 
when wooden barrels or firkins, and the like 
veffels, by having been long kept too dry, 
come to have clefts and commiffures, this in- 
convenience may be remedied by: pouring wa- 
ter into them, For though at firft the liquor 


- quickly runs out again, yet by. frequent affufions 


of it, the wood, efpecially thofe:edges between 
whichthe water ruris out, becomes fo foftened and 
plumped up, that the little intervals or chinks 
are, by the {welling of the neighbouring parts, 
clofed up, and the veffel becomes ftanch. 

ANpD upon a like reafon feems to depend. 
that odd experiment, much talked of by fome 
of our eminent Englifh feamen, who, for the 


-hafty ftopping of a leak, that is not too great, 


much commend the thrufting into it a piece of 

powdered beef ; for-this being much more falt 

than the fea-water, that liquor pierces into the 
D 


dd compact . 
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compact and ‘(in great part) dry body, and by 
opening the falts, and foaking into the flefh, 
makes the {welling beef expand it felf, fo as 
to bear ftronly againft the edges of the broken 
planks, and thereby hinders the water from 
flowing into the fhipas it did before. 


SECTION II. 


confider in the next place, that a body in af- 

fociation with others may be made fit for 
new ufes, and fome of them quite differing 
from thofe, that were proper to it before. 

Tuts third confideration is, in fome regards, 
of affinity with the firft, but yet is not the 
fame, fince in the former we confider the pow- 
er, that one body has to act upon another, or 
the difpofition it hath to be aéted upon by it ; 
whereas now we confider the two bodies or 
more, as being by conjunction qualified to act 
ona third body, or fuffer from it, as one en- 
tire concrete, upon the account of new and e- 
mergent properties, accruing to the compound 
by the aflociation of the more fimple bodies, 
that compofe it. 

You will meet with ftore of inftances, both 
in thefe effays, and other of my writings, ea- 
fily applicable to the illuftration of what is here 
delivered, and therefore it will fufice to name 
in this place the fewer, 

He that takes notice, how flexible a metal 
tin is, and how dead a noife it yields, will 
{carce dream, that one of its ufes, and that 
none of the defpicableft, fhould be, to make a- 
nother metal, which is lefs yielding, and has 
a lefs dead found than its felf, not only hard, 
but fonorous : and yet we fee, that bell-metal, 
which, when caft into bells, makes a hard 
mixture, that founds fo loudly, 1s made prin- 
cipally, as has been already noted, by the ad- 
dition of acertain proportion of tin to copper. 

In the common experiment of making ink, 
the infufion or decoction of galls is yellowith, 
or reddifh, and the folution of vitriol will, as 
the concrete participates more of iron or of 
copper, be either green or blueifh 5 but from 
the mixture of thefe two liquors there will e- 
merge an inky blackneds. 

Tsar oil, that is a body fo mollifying and 
flippery, and whofe unctuofity makes its moif- 
ture fo much more difficult to be wafted or de- 
ftroyed, than that of water, wine, or other 
not tenacious liquors, fhould be one of the two 
or three main ingredients, and the only moift 
one of a hard and durable cement, is that, 
which probably you would very little expect 
from it: and yet, not to mention what trials 
of that nature I have made, becaufe I had not 
time to obferve the full event, a very ingenious 
man, much employed about coftly water- 
works and dams, affures me, that the beft way 
he has to join together, and, if need be, piece 
and mend with a clofe and lafting cement the 
pipes, that are ufed for fubterraneal aquadutts, 
that are long to hold running water, is to take 
good clay (fuch as tobacco-pipes are made of,) 
and having dried it, and reduced it to very fine 
powder, and mixed good ftore of fhort flocks 
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with it, beat it up very diligently with as much 
linfeed-oil, as will ferve to bring it to a fuiff 
pafte, almoft like well kneaded dough. This 
pafte he fathions into pipes of the length and 
bignefs required, which, though they will be 
longa drying in the air, yet, when once through- 
ly dry, are very ftanch and lafting, And] 
remember, that before I learned this, having 
occafion to try divers experiments about ce- 
ments, I chanced to meet with an ancient ar- 
tificer, employed to keep in repair the con- 
duits, that brought water to London; and in 
exchange of a lute or cement, that I taught 
him, he was forward to fatisfy the curiofity I 
had to know what cement he employed about 
fo important a work, and he affured me, that 
ou was one of the main ingredients (and the 
only liquid one) he employed. 

He that confiders, that lead is one of the 
moft opacous and flexible bodies, that the 
world affords, will not eafily imagine, that 
one of its ufes fhould be to make up about 
three parts of four of a mixture tran{parent, 
and exceeding brittle ; and yetthis is eafily per- 
formed by divers chemifts (and I elfewhere 
mention my having often done it) in making 
of calcined lead, and powdered flints or fand, 
a brittle and diaphanous compofition, called 
by Spagyrifts Vitrum Saturni. 

AND this mention of glafs fuggefts to me 
another inftance, fit for my prefent purpof : 
for who would imagine, that fuch a body as 
the fixed falt of kaly, which, as other alkalies, 
that take their denomination from it, has a 
{trong and fiery tafte, and is not only readily 
diffoluble in water, wine, or any fuch liquor, 
but will in a fhort time, being but left in the 
air, be reduced into a liquor ; who would ex- 
pect, I fay, that it fhould be of any ufe, much 
lefs the main of this cauftick, and eafily diffo- 
luble body, to be one of the two main ingre- 
dients of fubftance both perfeétly infipid, and 
indiffoluble, not only in water, wine, &c. 
but even in aqua fortis, aqua regia, fpirit of 
wine, quick-filver, fpirit of urine, and other 
menitruums, fome of them highly corrofive, 
and others extremely fubtle and piercing ? and 
yet fuch a mixture is ufually afforded us in glafs, 
(elpecially the more durable fort of it) where- 
in that there is actually a great proportion of 
alkalizate falt, I confefs, I doubted, till having, 
purpofely enquired of an ingenious mafter of a 
glafs-houfe, how much glafs he ufually obtained, 
when he put in fuch a quantity of fand, I found 
by his aniwer, that the glafs obtained was ma- 
ny pounds in the hundred more than the fand, 
that was employed to make it: whence I ga- 
thered, (what he alfo affirmed) that the alkaly 
did not only feem (as one might fufpect) to 
promote the fufion of the fand, but does ma- 
terially and plentifully concur with it to com- 
pote the glafs. 

AnD whereas I intimated at the very begin- 
ning of this third fection of this effay, that 
bodies, when affociated, may be applied, not 
only to new ufes, but perhaps to fome, that are 
quite differing from thofe, that belong to fome 
of the refpective ingredients ; this obfervation 

may 
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may be made good by feveral inftances, and 
even by fome that are very obvious, as well as 
by others that are not fo familiar. For we 
may take notice, that though oil, and tallow, 
and other fuch unétuous bodies, be thofe, that 
do greafe and {pot linnen and woollen clothes ; 
yet thofe very bodies, being fkilfully affociated 
with others, though with but a lixiviate falt 
and fair water, do plentifully concur to the 
making up of foap, by the folution of which 
greafe is readily wafhed out of linnen cloths, 
and others, befides thofe, are alfo freed from 
the fpots of it. But divers other inftances ap- 
plicable to this purpofe belonging more pro- 
perly to the following part of this effay, till we 
come thither, it may fuffice, that I illuftrate 
and confirm what hath been propofed by the 
fingle, but noble inftance of Aurum fulminans. 
For though falt of tartar be a fixed body, and 
of a fixing quality, yet being fkilfully affociated 
with gold, diffolved in aqua-regis, though that 
be thought the fixedeft, not only of metals, 
but of bodies; yet the gold precipitated by this 
fixed and incombuttible falt becomes fo ex- 
ceeding fugitive, that by a gentler heat, than 
would kindle any known body in the world, 
it is made to fulminate like gun-powder, (but 
many degrees more violent than it;) and; 
which you will alfo think ftrange, though ful- 
phur be a body of fo quick accenfion as is ob- 
vioufly known, yet by aneafy way, elfewhere 
to be taught you, of mixing thofe two only, 
you may, as trial hath informed us, make it 
(which you will eafily allow to be one of the 
unlikelieft ufes of fulphur) even by its being, 
fet on fire; to hinder the accenfion of this fo 
eafily kindled gold, which I have known 
thereby readily turned into a medicine, that 
fome cry up for excellently diaphoretick, 
(though I doubt whether Aurum fulminans 
work not rather another way,) and which I 
remember I have; ina crucible, kept long in 
the fire without lofs: 

I fhall only add to this third confideration 
this one particular,. that is of too great mo- 
ment to be pretermitted here; though it have 
been already tn part taken notice of on another 
occafion; namely, that the effects and ufes of 
mixtures do not only depend upon the nature 
of the ingredients, but may be oftentimes 
much varied by their proportion. And of this 
the mineral, which at the glafs-houfes they are 
well acquainted with, under the name of man- 
ganez, will afford us a pertinent and confidera- 
ble inftance. For though it be a coarfe and 
dark mineral it felf, and though being added 
to the materials of glafs in a fuller proportion; 
it make the black glaffes, that are fold in fhops; 
yet not only a moderate proportion of it is 
ufed to make glafs red, but, which is more re- 
markable, a fmall and due proportion of it is 
commonly employed to make glafs the more 
cleer and diaphanous. 

SECTION IV: 
EN the fourth place I confider, that a body, 
by a differing preparation or management, 
may be fit for new, and perhaps unthought of, 
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purpofes. For the qualities of bodies depend- 
ing for the moft part upon the texture of the 
{mall parts they are made up of, thofe ways of 
ordering greater bodies, which do either by 
addition, detraction, or tranfpofition of their 
component corpufcles, or by any two, or all 
of thofe ways, make any notable change of 
the former texture of the body, may intro- 
duce new qualities, and thereby make it fit 
for divers ufes, for which it was not proper 


- before. 


We fee to how many feveral ufes men; 
that were neither philofophers nor chemitts, 
but for the moft part illiterate tradefmen, have 
been able to put iron, by but varying the vi- 
fible fhape of certain portions of it, and con- 
necting fome of them after a peculiar man- 
ner: asis obvious in the fhops of blackfmiths, 
lock-{miths, gun-{miths, cutlers, clock-makers; 
iron-mongers, and others. But to give you a 
more phyfical inftance in the fame metal, be 
pleafed to take notice, how much a change, 
made by a natural agent, the fire, in the invi- 
fible texture of iron, does fpeedily alter it ; 
when of the fame bar of iron, by the help of 
fire and water, the artificer makes hardened 
iron; and iron of a temper fit for drils, and 
knives, and fprings, and I know not how 
many other inftruments, which require di- 
{tinct tempers in the metal they are made of ; 
that temper, which rendets them fit for one 
ufe, leaving, them unfit for another. 

But we need not confine our felves to in- 
{ftances, wherein no new ingredient is added 
to, or taken from the body to be altered ; it 
being fuffictent, that the additament upon its 
own account do not bear fo great a ftroke in 
the change produced, but that it be princi- 
pally afcribed to the way of ordering the body 
wrought upon; and {peaking of the manage- 
ment of a body in this fenfe, (which is utual 
and proper enough,) I fhall fubjoin a few in- 
ftances, of the many I might add; to make 
good our propofition. | 

THouaua paper be one of the commoneft 
bodies, that we ufe, yet there are very few, 
that imagine it 1s fit to be employed otherways 
than about writing; or printing, or wrapping 
up of other things, or about fome fuch obvi- 
ous piece of fervice, without dreaming, that 
frames for pictures; and divers fine pieces of 
embofied work, with other curious moveables; 
may, as trial has informed us, be made of it, 
after this or the like manner. Firft, foak a 
convenient quantity of whitifh paper, that is 
not fine, about two or three days in water, 
till it be very foft; then mafh it in hot water, 
and beat or work it in large mortarsor troughs, 
(much after the manner ufed in fome places to 
churn butter) till it be brought to a kind of 
thin pap, which mutt be laid on a fieve, with- 
out preffure; to drain away the fuperfluous 
moiftnefs, andafterwards put into warm water, 
wherein a good quantity of fifh, glew, or com- 
mon fize, has been diffolved. Being thence 
taken out by parcels with a fpunge, it muft 
therewith (for the fpunge will dry up the fu- 
perfluous moifture) be preffed into moulds of 


‘ron; or of fuch plaifter as ftatuaries ule, 


wherein 
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whaein having acquired the gure, which is 
intended to be given if, if as thence to be 
trisen out, and permittcd to diy, and is to be 
dtrenathened. where need requiies, with plaiiter, 
or erated chalk, made into pap with water, 
or fome other convenient mattcr; and after- 
warus, having firft been leifurely dried, it is 
to be either painted or overlaid with foliated 
filver or gold, as the artift pleafes. I may 
cHewhere have occafion to mention ancther 
unlikely ufe of paper, namely, to ftop the 
clefts and commiflures of wooden inftruments 
and velfels, that are to hold water. For pa- 
per being thruft into thele narrow places, the 
firft water, that comes to it, being foaked up, 
occafions a forcible dilatation, which makes 
the {welling paper fll the chinks it is lodged 
In, according to what was lately delivered at 
the clofe of the fecond fection. 

Tue fugar-cane has been a plant well 
enough known to many countries and ages, 
who were not unacquainted with the fweet- 
nefs ef its mice, and yet feem never to have 
made fugar of it, for want of knowing the 
way of fo ordering it, as to coagulate it into a 
durable, as well as delicious fubftance. : 

Togacco was likewife a noted plant in the 
Weft-Indies, which was yet fuffered yearly to 
rot and perifh like other herbs, till the in- 
duftry of the moderns finding the way of 
curing it, as they call the method of ordering 
it, made it, by the help of mere {kill, laft in 
an improved condition for divers years, and 
fit tc be tran{ported, as it plentifully is, over 
all the world. 

Tue leaves likewife of indigo, which would 
ufelefsly perifh like thofe of other fhrubs, by 
the mere way of ordering them, which too is 
rather by fubftraction than addition, have been 
long made a lafting pigment or dying ftuff, 
and one of the moft ftaple merchandifes, that 
even the La/?-Indies fend us. | 

I might add the greatufe, that we are enabled 
to make of madder, woad, and divers other 
perifhable plants, by the way of ordering 
them; but there 1s one inftance of this kind 
fo confiderable, that though I have formerly 
named it to another purpofe, and though I 
am willing to mention but one example more 
of this fort, [ cannot but pitch upon this ; 
{ince it excellently manifefts, what may be ex- 
pected from a {kilful ordering of nature’s pro- 
ductions, by fhewing us, what even the fa- 
vages of dmerica have been able to perform 
in this kind. For though their mandioca be 
confeffedly a poifoncus plant, yet without ad- 
dition they make of it their caffavi-meal, 
whereof not only the Indians, but alfo many 
Europeans make their bread, which I alfo have 
made {ome ule of without diflike. And with 
no addition, unlefs it be perhaps that of {pit- 
tle, they make of the poifonous juice of the 
fame root a not unpleafant nor ftrengthlefs 
drink, which divers, even of the Englith, 
compare with our beer. And of the bread 
made of tnat cafavi-root, they brew, in fome 
of our American colonies, a liquor by the 
planters called Perino, which I have known, 
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even by perfons of quality, equalled, if not pre- 
ferred to wine itt If. 

THE fhreds of leather pared away and 
thrown afide Ly the glovers, by fo flight a way 
of ordering them, as only the boiling them 
Jong in fair water, diflolves them in that li- 
quer, and reduces them with it, the decoétion 
being ftrained and cooled, intoa kind of jelly, 
that they call fize, (which may be alfo made 
the fame way of cuttings of parchment, and 
better yet with thofe of vellom) which is of 
great ufe towarcs the production of very dif- 
fering trades: fome of which preductions are 
already touched upon in this book, to which I 
fhall here only add, for the eafinefs of the ex- 
periment, that the fine red flands, and hang- 
ing-fhelves, are made with ground vermilion, 
being only tempered up with it, and laid upon 
wood, which being thus coloured, is, when 
it is dry, laid over with common varnifh, 
which preferves it from wet, and gives it a 
glofs. 

Ir would fcarce be fufpected, that fo white 
a body asivory fhould, among other ufes, be 
proper, without the addition of any black, or 
fo much as dark coloured body, to yeild one 
of the deepeft blacks that has been hitherto 
knowns and yet many of our eminent painters 
count that black, which they call ivory-black, 
the perfecteft, that hath been hitherto em- 
ployed in their art. And this fable may be 
made of ivory, without addition, only by burn- 
ing it a-while ina clofe pot; and we have 
made it by keeping it a-while among coals and 
afhes, only wrapped in ftore of wet paper to. 
keep it from fpending its denigrating fulphur 
in an actual flame; (to prevent which, the 
pots, it is burnt in, are wont to be clofed with 
Jute, or otherwife fufficiently ftopped) as if 
artificers were acquainted with the old rule, 
adufta nigra, perufta alba. 

Anp on this occafion I fhall add, that this 
black made of ivory is fo excellent in its kind, 
that I fcarce know any thing fo proper to 
make foils of, for that nobleft fort of cems, 
diamonds. And I remember, that a very 
fkilful jeweller, of whom I bought fome of 
thofe ftones, and whom I employed to fet 
others for me, confeffed to me, that burnt 
ivory was the thing he made ufe of, for foils 
to the diamonds he had a mind to fet well. 

_ ANOTHER inftance there is, which I mutt 
by no means pretermit, now that I am en- 
deavouring to fhew, what the preparation or 
management of a body, even by illiterate 
tradefmen, may do to make it fit for unlikely 
ufes. For one would fcarce imagine, that 
from fo grofs and foul a body, as the inteftinum 
rectum of an ox or cow, there {fhould be ob- 
tained a tranfparent fubftance, more thin by 
far than paper ; and yet of fo great a firmnefs 
and toughnefs, as is fcarce at all credible to 
thofe, that have not been, as I have, con- 
vinced of it by experience. But it is certain, 
that fome of our gold-beaters in Loudon, and 
perhaps not there only, do, by cleanfing and 
otherwife preparing the above-mentioned nafty 
gut of an ox, obtain exceeding fine mem- 

branes, 
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branes, fome of which I keep by me, that 
though clear and ftrangely thin, are yet of 
fuch tenacity, that when the thin plates of 
gold are put between them, or in their folds, the 
force of a man frequently ftriking them, witha 
vaft hammer made of purpofe, almoft as heavy 
as he can well lift up, does ufually, as [ have 
feen with forme wonder, attenuate and dilate the 
included gold, without being able to break 
thefe fo fine fkins. 

THESE inftances, Pyrophilus, we have hi- 
therto produced, are almoft all of them fuch, 
as either nature herfelf, or nature affifted but 
by tradefmen, and other uliterate perfons, has 
prefented us. And therefore queftionlefs, the 
power, that a fkilful management may have 
to produce great changes in bodies, and there- 
by fit them for new ufes, will be much ad- 
vanced, when they fhall be ordered by fuch, as 
are either good chemifts, or dexterous at me- 
chanical and mathematico-mechanical contri- 
vances, efpecially, ifin the fame perfons a {kill 
in thefe two forts of knowledge fhould concur. 

Tuat {kill in mathematicks may teach a 
man fo to manage natural things, as to enable 
him to make other ufes of them, than thofe, 
that want it, will dream of, we may be per- 
fuaded by feveral particulars. For we fee, that 
from a bare giving to a piece of ordinary glafs 
a prifmatical fhape, that diaphanous and co- 
Jourlefs body may be made to exhibit in a 
moment all thofe delightful and vivid colours, 
for which we admire the rainbow; and though 
merely by giving a piece of foliated glafs or 
metalline fpeculum a concave figure, it may 
be made to burn ftrongly by reflection, yet by 
giving a piece of glafs a convex figure, you 
may quality it to burn by refraction, and even 
with water fitly figured, you may readily kin- 
dle fire. For though a round and hollow {phe- 
rical vial of pure glafs will tranfinit the fun- 
beams without making them burn, and confe- 
quently has not of itfelf the faculty lam going 
to name, but ferves chiefly to terminate the 
water, that is to be poured into it, and give it 
its due figuration; yet by filling a fpherical 
vial, I have taken pleafure fo to unite the fun- 
beams, as, when froft and {now was about me, 
- to make them burn; (and perhaps ice itfelf, 
if chofen free from bubbles, and conveniently 
fhaped, may, as fome incompleat trials make 
me hope, be made fit enough for that purpofe.) 
And much more vigorous the accenfion would 
be, if two bare concave glaffes of like fhape, 
equal bignefs, and truly ground, had their 
edges fo joined by a clofe frame, that the ca- 
vity contained between the infide of the glaffes 
and the frame may be filled with fair water ; 
for by this means (the convex-fide of each 
glafs being outermoft) the whole inftrument 
(one or two of which I have feen in a virtuofo’s 
hands) will ierve for a double convex-glafs, 
which may by this means be made far larger, 
and more efficacious, than other burning-glaffes 
of that figure, which confifting each of them 
of a fingle piece of folid glafs, are wont to be 
far inferior in bignefs to fuch hollow ones, as 
may be eafily enough attained. 

Vou. JIL. 


of thee USES of NaturaL Tunes. 


AnpD now [I have named folid clafe, give 
me leave to take hence a rife to add, char 
though glafs {topples are made only by giving 
them an almoft conical figure, and a juperficies 
fitted by grinding, for an exquifite contact 
with the infide of the neck of a glafs-bottle ; 
yet this way of ordering glafles, which is 
afcribed not to mere philofophers, but men 
verfed in optical and mechanical trades, pro- 
duces ftopples much furpaffing all known be- 
fore; not only in this, that ncither aqua fortis, 
nor other corrofive liquors, work upon them, 
but alfo in their being able to keep in even the 
fubtileft fpirits fo ftrictly, that 1 remember 
having once forgot fome fpirit of fal armoniack 
in a large bottle, which it did not near a quar- 
ter fill, when I long after (as I remember about 
feven years) came to that part of Eugland 
again, I chanced to find this bottle in a place, 
where, being without an infcription, I knew 
not what the contained liquor was. And taking 
off the glafs-ftopple, to difcover by the fcent 
what it might be, upon {melling to that folid 
body, the adherent fpirits operated ftrongly 
enough upon my nofe and eyes to make me 
almoft ftageer, and with my curiofity had been 
more cautious. 

Wuat I have further obferved about the 
way of. making, and the applications of this 
kind of glaffes, belongs not to this place, 
where it would be fit to profecute my former 
difcourfe, by fhewing you, how much the 
chemical management of things may alter and 
improve them; were it not, that it would be 
improper to venture upon fo copious a fubject 
in one of the fections of an eflay, where I fhall 
therefore but point at it, without pretending 
to treat of it. 

WeE fee; that chemifts can out of fome 
fruits, that grow wild in the hedges, and are 


not edible, as alfo out of the lees of ale and . 


beer, draw an inflammable ipirit, which, for 
many purpofes (not medicinal) may be made 
ufe of for that of wine. We fee, that out of 
the dry body of hartfhorn, as likewife out of 
the fkull and bones of dead men, and other 
animals, which have been wont to be looked 
upon to be fo devoid of moifture, that men 
proverbially fay, as dry asa bone, chemifts do 
ordinarily, to the wonder of the ignorant, 
draw ftore of fpirit, and oil, and phlegm, as 
they likewife do from the drieft woods. Some 
of them alfo, of the opacous body of lead 
mixed with fand, and a few grains perhaps of 
metalline pigment, can make in a few hours 
variety of amaufes, or metalline ftones, which, 
by their tranfparency and lovely colours, do 
pleafingly emulate rubies, emeralds, and other 
native gems; about the imitation of which, I 
may elfewhere acquaint you with fome of my 
trials. 

How unlikely effects may be fometimes 
produced by a flight fpagyrical preparation of 
things, may fufficiently appear by the Bolo- 
nian ftone, from which (though one would 
not, upon the fight of it, expect any fuch mat- 
ter, yet) being duly prepared by chemical cal- 
cination, it acquires that ftrange property of 
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fhining in the dark a-while after it has been 
expofed to the fun, for which it 1s fo jultly 
admired by us, that have feen it, that it is 
judged unfit to be believed by many criticks, 
that have not. 

Awnp here let me take notice to you, Pyro- 
philus, that very flight circumftances in the 
management of a body, may fometimes pro- 
duce confiderable and unlikely effects. 

Tuat falt, diffolved in water, 1s a power- 
ful hinderer of the congelation of that liquor, 
is a matter of common obfervation ; neither 
the fea-water, nor brine, being ufually frozen 
with us by fuch frofts, as turn common water, 
and fome liquors more indifpofed than that is, 
into ice, And yet fea-falt, which being dif- 
folved in water, keeps it from freezing, being 
outwardly applied to water, does fo powerfully 
concur with {now or ice to make it freeze in 
artificial glaciations, and is fo neceffary to the 
effect, that the fnow orice, without the falt, 
would not ordinarily, here in our climate, pro- 
duce in a feafonable time any ice at all, as I 
more than once purpofely tried. 

THERE is a certain powder, which by the 
proportion and mixture of nitre (whereof it 
chiefly confifts) with other ingredients, obtains 
fo odd a texture, that if putting it into a cru- 
cible, you fhould place that upon the coals, 
as is ufually done in other fluxes, the powder 
would blow up, or take fire with violence 
enough, and perhaps not without fome danger ; 
and yet, if inftead of kindling this power from 
the bottom upwards, you kindle it from the top 
downwards, there will be no danger in it, but 
it will make a powerful flux for the reduction 
of metalline powders mixed with it into a 


body. 
i the fifth and laft place I confider, that 
the generality of effects to be performed, 
being not produced by one fingle and unaftifted 
production, either of nature or of art, but re- 
quiring the concurrence of more ; he, that 
knows not the nature or properties of all the 
other bodies, wherewith that, on which the 
experiment propofed is actually, or may be 
ufefully affociated, or otherwife imployed, can 
hardly difcern all the effects the experiment 
may poffibly concur to produce. For, where- 
as many inventions or operations confift, as it 
were, of feveral parts, and require, as it were, 
diftinét actions ; a body, that feems ufelefs to 
the main and ultimate effect, may ufefully 
concur to the performance of fome interme- 
diate or fubordinate part of the operation, (by 
being requifite to which, it may be of ufe to 
the experiment confidered in the grofs, though 
not to each diftinct part of it.) 

THouGH fpint of wine will fcarce (if at 
all) even in a very long time draw a red tinc- 
ture out of the flowers of fulphur, yet, when 
they have been opened, by having been fluxed 
together with an equal weight of falt of tartar, 
we have found, that they will in a few minutes, 
and in a gentle heat, give, in thoroughly de- 
fleemed ipirit of wine, a tincture or folution 
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as red as blood ; which being freed from the 
fuperflucus menftruum, will atvord us a ballam 
much finer than that vulgar one, which is wont 
to be made of the fame flowers diffolved in oil 
of turpentine. 

Tuat tuch amalgams of gold and mercury, 
as goldimiths are wont to gild filver with, 
cannot by ordinary ways be made to adhere 
either to tron or fteel, is a thing fo well known 
among gunimiths, and fuch artificers, as work 
upon iron, that when I inquired of fceveral of 
them (as well Dutch as Englith) whether they 
could gild iron with water-gold, (as they call 
that way of gilding by the help of quick- 
filver,) they judged it a thing not tobe done: 
and yet I know a very ingenious tradefiman, 
who was able to perform it, but not (that we 
may apply this experument to our prefent pur- 
pofe) without the the affiftance of another bo- 
dy, which was to perform one part before the 
amalgam could perform the other. The arti- 
ficer’s way was to coat (if I may fo fpeak) the 
iron or fteel to be gilt, with a coat of copper, 
to which purpofe he ujed diftilled liquors tem- 
pered with other ingredients, wherein the iron 
was to be immerfed with great warinefs and 
dexterity ; for otherwife, not only the trial 
would not fucceed, but oftentimes the iron 
would be fpoiled. To obviate which incon- 
veniencies, there occurred another way of 
cafing the iron with copper, namely, by dif 
folving very good vitriol, that has copper in 
it (for it 1s not every vitriol, that is fit for the 
purpofe) in warm water, till the liquor be {a- 
tiated with vitriol, and immerfing feveral times 
into this folution the iron, firft fcoured till it 
be bright, and fuffering it each time to dry of 
itfelf ; for this immerfion being repeated often 
enough, there will precipitate upon the iron 
enough of the cupreous parts of the diffolved 
vitriol, to fill all its fuperficial pores with par- 
ticles of copper. So that by this fafe, cheap, 
and ealy way, having, as it were, overlaid 
your iron with copper, you may afterwards 
gild it as copper with the above-mentioned 
amalgam, which will adhere to copper, not 
fo 1ron. 

Bur here we muft not omit an obfervation 
very confiderable to our prefent fcope, namely, 
that though the feveral parts of an experiment 
ora procefs may in moft cafes, each of them be 
purely phyfical, or chemical, &c. yet in divers 


_ other cafes, it may far more ufefully be jo 


ordered, that one part of it may be phyfical, 
(taking here that term in contradiftinétion to 
fubordinate parts of learning) and feveral, or 
each of the reft may belong to other arts, as 
one may be chemical, and another ftatical, 
another mechanical, another hydroftatical, &c. 
and by fueh a concurrence of differing parts of 
knowledge to the fame operation or production, 
I doubt not but many things may be performed, 
that have not yet been attempted, nor fo much 
as thought of. For he, that has fkill but in one 
of thefe fingle parts of learning, muft needs 
have his attempts as well as his knowledge 
much ftraitened, by confining himfelf to ope- 
rate by fuch meansand inftrument, as are within 
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the compafs of his owa art 5 which, aMfiited by 
others, may bear a good part in the perfor- 
mance of diverfe confiderable things, which it 
is by its {Ulf very infuficient to accomplith. 

Or this we may take notice of fome in- 
{tances in the productions, that art and nature 
have prefented us with already ; for not only 
handicraft trades, as we have formerly noted, 
do many of them affift each other in their ope- 
rations, but even thofe arts, that are counted 
ingenious, have fometimes need or ufe both 
of the fervice of the more mechanical trades, 
and of mutual affiftance among themfelves. 
The mafters of captoptricks know very well 
what would be the properties of fpherical, cy- 
lindrical, and other fpecula; but to procure 
fuch fpecula, you mult have recourfe to the 
chemift, or the founder, whofe part itis by 
artificial mixtures of metals and minerals, and 
by mechanical contrivances, to caft bodies, 
that give a more fincere and vivid reflection, 
than the fingle metals would do, and to give 
them withal that curious polifh, for which 
the metallifts and chemifts are beholden to 
{miths, ftone-cutters, watch-makers, or other 
handicrafts men. 

ANOTHER eminent example to the jamc 
purpofe may be taken from the confideration 
of organs ufed in churches. For to devife 
the rules of making them well, there is farft 
requifite no fmall] fkill in the fpeculative part or 
theory of mufick: next, he, that would make 
the inftrument well, muft know how to choofe 
wood proper for that purpofe, (moft woods 
being, unfit for it,) how to feafon it, and how 
to difcern, whether it be duely feafoned, ando- 
therwife well conditioned. To excavate and 
fafhion the pipes, and other parts of the in- 
{trument, that are made of this wood, thereis 
ufe of the turner’s and joiner’s crafts. It is often 
needful alfo, that the organ-maker be filled 
in the effects of metals, and perhaps their 
mixtures ; and the ways of cafting them, in 
order to the making of ‘his pipes of a fonorous 
matter, and to the giving them a due fhape, 
and other defirable qualifications. I might 
here borrow further inftances from bells, lutes, 
harps, and other mufical inftruments; but I 
haften to examples of another kind. 

He that has never fo attentively confidered 
the nature of falt-petre or of brimftone apart, 
fhall never be able to make the confiderableft 
ufes of either of them, till he fkilfully affo- 
ciate them to one another, and incorporate 
them into that wonderful body, called gun- 
powder, which will afford us an inftance fit 
enough to explicate what we have been faying : 
for confifting of three differing ingredients, 
nitre, brimitone, and charcoal, though nei- 
ther of thefe be fufficient, iz omni genere, (as 
they fpeak in the fchools,) yet eachof them is 
very uleful by being fufficient ix fuo genere, and 
really concurs to the effect produced by them 
all, as you may elfewhere find more particu- 
ly declared. 

He mutt remain ignorant of another confi- 
derable ufe of fulphur, that is unacquainted 
with fome properties of common oil and cal- 
ened alabafter. For artifts have a way of 
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making motds, wherein to caft of the imsici- 
fion of medals, and other works emboff-d on 
metais, which, though the effects of it diem 
ftrange to thofe, that know not how they are 
produced, they eafily thus perform, hx 
make about the emboffed work, whofe imprel- 
fion they defire to have, a little border or Jedy> 
of clay, to hinder the melted fulphur to be 
poured on it, from running over ; then they 
lightly (but very carefully) with a pencil or 
feather anoint the metalline work with oil, to 
hinder the fulphur from adhering to it , then 
they melt good brimftone in any convenient 
pot, (which they cover well to prevent its 
taking fire) end whilft itis hot, they pour ic 
gently upon the emboffed metal, all whofe 
extances will make perfect imprcfions on the 
lower furface of the thus melted brimftone, 
which cught to be poured on in a confiderable 
quantty, that the molds thus made may prove 
the ftronger. About the edge of this mold 
they make a little rim or border of clay as be- 
fore ; and lightly anointing, both all the furface 
of the mold, and the infide of the clay with 
oil, (which if it be too copious, is, as we have 
tried, apt to prejudice the accuratenefs of the 
impreflion,) they pour in by degrees to the 
thicknefs of about a fourth of an inch of that 
mixture I formerly mentioned (in the eighth 
effay,) to be made of recently calcined alabaf- 
ter, ftirred and incorporated with fuch a quan- 
tity of fair water, as may fufficc to bring it to 
the confiftence of the thicker fort of honey. 
And this mixture in abour a quarter of an 
hour growing hard, and then being taken out 
of the mold (to which the oil hinders it from 
fticking) will, if the work have been dexte- 
roufly done, and the mixture before affufion 
carefully freed from bubbles, perfectly exhibit 
the fhape and dimenfions of the work em- 
boffed upon the metalline pattern. And by 
this way ina few minutes have we fometimcs 
caft off acoin, a medal, and fometimes too a 
whole land{icape, without any trouble, and not 
without fome delight. 

Anp here, Pyrophilus, let me perform what 
I lately intimated an intention of, by now 
taking notice to you in this fifth fection of this 
effay (of what I had not long fince occafion 
to obferve ina former part of it,) that you 
may oftentimes find fuch particular bodics con- 
ducive to the main effect of an operation or 
experiment, by performing fome iubordinate 
part or office in it, as yet may feem nothing at 
all of kin to the ultimate effect promifed by the 
perfected experiment. 

THAT aqua fortis, that fo greedily corrodes 
and devours filver and brafs, fhould eminent- 
ly conduce to the real filvering over of the 
latter metal by the former, is that, which few 
goldimiths, or even chemifts would judge 
probable. And yet this fretting liquor per- 
forms a principal part in that ingenious way of 
filvering over brafs and copper, which is more 
applauded than known. For firft, aqua fortis 
ferves very well to make clean fuch emboffed 
or otherwile uneven pieces of metal, whofe in- 
equality hinders us from being able to cleanfe 
their little caviaes with Tripoli, or thofe other 
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wders commonly ufed to fcour brafs : where- 
as if fuch bodies be lightly wathed over with a- 
qua fortis, aad immediately thrown into fair 
water, the fevincls may be fretted oft, and the 
vork not disheured. And this is cfteemed the 
beft way of icouring fuch metalline pieces of 
work by the beft maker of mathematical in- 
ftruments, that I have met with. And [I the 
rather mention it to you, Pyrophilus, becaufe 
that though it be not always requifite to our 
experiment of filvering, (for many pieces of 
brazen work may well enough be mace clean 
efter the ordinary manner) yet divers trials 
have affured us, that the fcouring of the brais 
and copper is neceffary to the fuecefs of this 
experiment; probably, becaufe any greafe or 
filth remaining upon the furface of the metal 
is fufficient to keep out thole little parts of 
diffolved filver, which ought to lodge them- 
felves fo thick in the pores of the metal, as 
to feem one continued filvered body. 

THE remaining part of this operation may 
be thus performed. The metal to be wrought 
upon being made very clean, you muft diffolve 
cood filver (the finer the better) in aqua-fortis 
in 2 broad bottomed veffel of glafs, or at leaft 
of glazed earth; and having, over a chafing- 
Gifh of coals, 6r with fome fuch heat, eva- 
porated away all the aqua-fortis, you muft up- 
on the remaining dry calx pour of water five 
or fix times its quantity, or as much as will be 
needful perfectly to diffolve it. This water 
with the like heat muft be forced away as the 
former menftruum, and the like quantity of 
frefh water muft be poured on, and evaporated 
quite away the fecond time, and, if nced be, the 
third time, toward the latter end making the 
fire fo ftrong, as to leave a perie¢tly dry calx; 
which, if your filver has been good, will be of 
a good white, and will by thefe operations be 
competently freed from the ftinking and fret- 
ting fpirits of the aqua fortis. Of this calx 
you muit take one part, and about as much 
(in quantity, not in weight) of common falt, 
and as much of cryftals of tartar, (or at leaft 
powder of good white tartar) as of either of 
the former ingredients; which, Jixe this, ought 
to be finely beaten, and thefe three powders 
being exquifitely mixed, you muft plunge the 
{coured brafs, to be filvered over, into fair wa- 
ter; and then taking up as often as need re- 
quires, with your wet fingers, fome of the new- 
ly mentioned mixture, you mutt rub it on well, 
till you find every little cavity of the metal fuf- 
ficiently filvered over ; remembring, that if you 
would have it richly done, you muft rub in 
more of the powder. And laft ofall, you mutt 
wath well your filvered metal in fair water, and 
rub it very well and hard with a dry cloath, 
that it may appear {mooth and bright. And 
this way of filvering, though it be prefently 
and cheaply performed without quick-filver, 
yet may be made to laft fome years, as expe- 
rience has partly informed me, and may be 
eafily renewed, when the filvering begins to de- 
cay or wear off, 

Anp here, Pyrophilus, it will not be im- 
proper to give you this advertifement, that 
we ought not to conclude, as we are very 


prone to do, that fuch an ufe is not to be ex- 
pected, or endeavoured to be obtaincd from 
juch a thing, becaufe we fee the hke ufe to 
be made of things, that are thought to be of a 
quite differing nature from that we confider, 
or perhaps quite contrary to it: for in many 
cafes, as there are more ways than one, or 
even than a few, to bring to pafs a thing pro- 
pofed; fo among the various inftruments, that 
may be employed the fame purpofe, fome 
may exceedingly differ between themfelves as 
to other qualities, and yet agree in that, which 
is requifite and fufficient for the performance 
of the thing defigned. As though, for in- 
ftance, rofin and fal armoniack be differing in 
colour, fmell, tafte, weight, hardnefs, &c. 
though the one be a vegetable concrete juice, 
the other an ageregate of urinous, fuliginous, 
and marine falts; the one readily diffoluble in 
water, the other not diffoluble in that liquor, 
but in oil; and though there be I know not 
how many other differences between them ; 
yet either of them fingle may be, and is, ufe- 
fully employed for the tinning of brafs and 
copper-veffels, each of them being endowed 
with a fitnefs to make tin ftick to thofe me- 
tals, as I elfewhere more particularly declare. 
Thus, though water, fand, and tin, are bodies 
in other refpects very unlike, yet the two latter 
are found fit to make hour-glaffes, as well as 
the firft; though that alone, as is prefumed, 
were for many ages employed by the ancients 
for that purpofe. 

To the foregoing advertifement I fhall an- 
nex another, that may feem very differing 
from it, but yet is no lefs true; namely, that 
we are not always to fuppofe, that becaufe a 
natural body has fuch an ufe on fome occafions, 
the fame body cannot on other occafions be 
employed to ufes, thatfeem of a quite differ- 
ing, and perhaps of an oppofite nature. 

Tx1s I conceive may be done principally by 
thefe two ways. Firft, by the differing con- 
ftitutions of the feveral bodies the fame agent 
works upon; as when the heat of the fun melts 
wax and hardens clay ; and the fame fpirit of 
vinegar, which on filings of copper will by 
digeftion obtain an abominable tafte, will up- 
on filings of lead acquire, by the fame way, a 
very great fweetnefs: and fpirit of falt, that 
will diffolve copper and iron, as aqua-fortis 
alfo does, will yet precipitate filver diffolved 
in that menftruum. And to this firft way I 
fha]l fubjoin the fecond, which is, that fuch a 
parcel of matter, as is wont to be confidered 
as one and the fame body, may contain in it 
parts of very differing natures, upon whofe 
account its operations may be diverfified. Thus 
when we calcine fome unripe minerals with 
nitre, the inflammable parts of the nitre do 
burn up and diffipate into {moke the volatile 
and combultible parts of the mineral; but by 
virtue of the remaining alkali of the nitre, fe- 
veral other parts of the mineral are made far 
more fixed and capable of enduring the fire, 
than they were before. So fulphur has in it 
fome parts, that make it more readily inflam- 
mable than even nitre or oil; and yet it abounds 
with acid and vitriolate particles, that are not 
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inflammable themfelves, and much refift the 
accenfion of flame in divers other bodies. And 
accordingly, though in matches ufed in tinder- 
boxes to take fire readily, the kindled brim- 
{tone acts upon the fhivers of wood, whofe 
ends were crufted over with it, as an ordinary 
flame; yet the fame burning body, by virtue 
of its acid parts, works in another capacity, 
than that of acommon flame upon fome me- 
tals, efpecially iron, and likewife upon the 
leaves of red rofes, which its fumes turn white. 

I could, if it were needful, propofe in this 
place, fundry other inftances of the differing 
actions of the differing parts of a body, and 
could likewife fubjoin other cafes, than I 
have yet mentioned, wherein bodies may be 
applicd to ufes, that many would be unapt to 
expect from them. But judging it more con- 
venient to seferve thofe for other places, efpe- 
cially in the Iaft‘effay, I fhall conclude this 
with the two following advertifements, 


Tue “Arft is, that I have in all this dif- 
courle purpofely forborn to treat of the medi- 
cinal ules of things, becaufe my fcope in the 
volume, whereof this effay is a part, obliged 
me fo to do. But yet I am fenfible, and 
would have you fo too, that hereby I have 
forborn to employ a multitude of particulars, 
that would have much enriched this treatife. 
For there is a great number of bodies, both 
watural and facttious, that being employed as 
medicines for human bodies, have there very 
various and fometimes feemingly repugnant 
operations, many of which would ferve to 
illuftrate and confirm fundry paffages of this 
effay. Thus rhubarb, whether taken in fub- 
ftance or infufion, does by virtue of its differ- 
ing parts, firft’ purge, and then bind. Spirit 
of wine taken inwardly exceedingly heats the 
body; whereas outwardly it is employed to 
appeafe the heat caufed by fome hoc humours 
and inflammations. Mercury taken inwardly, 
crude as it is, has often, though not always, 
proved an effectual and harmlefs medicine in 
worms, and fome other diftempers, even to 
children and women in labour: but the fame 
mercury: rarified into fumes, (which yet may 
be condenfed again into running mercury,) and 
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in that form taken into the body, does too 
often caufe vehement and dangerous commo- 
tions in the juices of the body, as exceffive 
falivations, fluxes, &c. declare. And he, that 
fhall attentively confider the various operations 
of that one mineral antimony, and the not 
only differing, but oftentimes contrary effects, 
that it produces, according to the complexions 
and difpofitions of the taker’s body, and the 
preparation of the mineral itfelf, will not, I 
prefume, ftick to allow me, that the medici- 
nal ufes of things, if I had not thought fit to 
decline them in this effay, might have much 
iscreafed the number of inftances it contains ; 
the effects of other bodies upon thofe of men 
being no lefs proper inftances of nature’s ways 
of working, than the changes they produce, 
when they work only upon one another. 

Tse fecond advertifement, wherewith I 
fhall conclude this effay, is, that though what 
I have hitherto difcourfed, hath almoft folely 
related to the negle¢ted ufes of particular: na- 
tural bodies; yet I would not have you thence 
take occafion to imagine, that there are not 
other natural things, whereof divers ufes may 
be made, that men have hitherto either ig- 
nored, or overfeen. By other natural things I 
mean the differing ftates of matter, or of bo- 
dies, (fuch as rarity and denfity, fluidity and 
firmnefs, putrefaction and fermentation, may 
feem to be,) as alfo the more operative qua- 
lities, fuch as heat, cold, gravity, &c. the 
laws of local motion among the parts of mat- 
ter, and the prefent fabrick of the univerfe, 
and efpecially that of our terrettrial globe and 
its effuviums; to which might be added other 
things in nature, that are not properly bodies 
in the ufual fenfe of that word, but may be 
called things corporeal as they belong to bo- 
dies, and intirely depend on them. In favour 
of this advertifement it were eafy for me to fue- 
geft to you fuch a multitude of particulars, 
that referving fome few for the laft effay, I 
here purpofely forbear to mention any at all, 
to avoid being enticed or engaged to enter up- 
on a fubject, that could not be otherwife than 
very lamely handled, without enormoully {wel- 
ling an effay, that dogs already exceed its juft 
dimenfions. 
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OF 


A Difcovery of the ADMIRABLE RAREFACTION of the 


AIR. 


New Obfervations about the DurRATION of the Sprinc 


of the Arr. 


New Experiments touching the CONDENSATION of the 
Air by mere CoLp ; and its Compression without 


Mechanical 


CNOINes. 


The admirably Dirrerinc Extension of the fame 
Quantity of Arr rarified and compreffed, 


ADVERTISEMENT. 


ees TIE, Author of the following papers 
2 {uppofeth his readers to have learn- 
ed, either from the books he hath 
7 publi hed, or from what hath been 
Borrowed thence by other writers, the ftructure 
and more familiar ufes of a pneumatical en- 
gine of his, metioned by feveral authors under 
the name of Machina Boyliana; with whofe 
defcription therefore thofe are defired to ac- 
quaint themfelves, that fhall think it worth the 
while to underftand, as well as read, the follow- 
ing papers; about ‘which it might be further 
taken notice of, that the firft of them was in- 
deed written to a learned friend, 


though his 


name be not now annexed (for certain reafons ;) 
prefently after which the three others were 
thought fit tobe fubjoined. As for the omit- 
ting of the compliments and forms, ufual at 
the clofe of epiftles, the author did it, as well 
to fpare the reader, as himfelf ; who hopes he 
may be excufed, if the tranfitions from one 
difcourfe to another, and even the ftile and me- 
thod of them, be not fo fmooth and regular, 
in regard the enfuing writings were traced, 
when he was afflicted with a great fit of fick- 
nefs, that kept him from fo much as once read 
ing over himfelf, what he had indited. 
i 


A 


DISCOVER Y 


Of THE ADMIRABLE 


(EVEN WITHOUT HEAT) 


IMPARTED 


Ina LETTER to a FRIEND. 


WO not imagine, Sir, that I did at all 
2 WW wonder to fee you yefternight fo much 
mM £§ admire, to hear me talk with fo 
mucl: feeming extravagancy about the rarefac- 
tion and condenfation of the air; for I con- 
fefs, that I did deliver fomething on that oc- 
cafion, that might eafily, at firft, fight appear 
{o near impoffible, as to be utterly improbable. 
Anp though you were pleafed, evenon fuch 
an occafion, to exprefsa very favourable opi- 
nion of my vefacity, yet thinking it fit, that 
fuch an obligation fhould not divert, but engage 
me, to endeavour to juftify you to yourtelf, 
by confirming what J faid to you ; I have al- 
ready fought and found among papers, many 
years fince laid afide, fome, that will enable me 
to make good more, than what the diffdence 
of my memory allowed me to fay in the very 
boldeft part of my yefternight’s difcourfe. For 
now that I luckily find not only the originals 
of the relations, whereof this paper contains 
copies, but that my engine Is In good order ; 
Tam fo far qualified to countenance a difcourfe, 
wherein I kept fomewhat within compafs, that 
though it will perhaps coft me much pains a 
trouble, to make ex tempore experiments fully 
equal to the enclofed 5 yet if any jut — 
fhould require it, I prefume, Ican make ocu - 
proof of, at leaft, as much, as I laft night told 
you. ore 
AnD now it is time, after having contrary 
to my cultom, raifed in you a high expectation, 
that | endeavour in fome meafure to anfwer it, 
which I hope I fhall the more eafily do; becaufe 
the agreement, you have often had occafion 
to obferve between the relations regiftered in 
my adverlaria, and the phzenomena of the ca 
periments they deieribe, will, I prefume, make 
it necdlefs to perfuade you, that the enfuing 
trials, being tranfcribed thence, may be iafely 
credited. Wheretore I fhall proceed to anriex 
them, as foon as I have premifed a few hiftori- 
cal ines, by way of manuduttion to them. 


* New Phyfico-Mechanical Experime :s, Ester. ‘ I. 


It is now many years finte, that having a 
defire to reduce the air to a degree of rarefrac- 
tion, that appeared to be confiderable, upon 
furer grounds than flight conjectures, I at. 
tempted to do it by the help of heat, and par- 
ticularly by that of an ceolipile, which I have 
mentioned in another tract *: bit finding, that 
the diligent Merfennus had, if there be no 
muiftake in his account, been able to rarify air 
that way; full as much, or more than I could, I 
betook me to try, wliether I could not, by the 
{pring of the air (without heat) procure a 
greater expanfion of it? I found (asI have 
long fince elfewhere+} related) that in the pneu: 
matical engine, which has been fince called 
Machina Boyliana, I could incréafe the expan- 
fion of air, till the body attained to about one 
hundred fifty-two times its former and ufual 
dimenfions. But this expanfion, though it 
Were above twice as great as the utmoft pro- 
cured by Merjennnus, did not yet fatisfy me, 
but put me, (according to what I there intimate) 
upon another contrivance, which though put 
in practice eight or nine years ago; (as the date 
of one of the trials may inform you) had the 
relation of its fucceffes laid afide among thofe 
of others, made in the faine engine, which 
yet lie by meunpublifhed. So that I may now 
proceed to give you the tranfcripts of the 
trials themfelves, as they were haftily and in- 
elegantly, but very faithfully, fet down among 
my Pneumatical Collections. And this I am 
ready to do, as foon as I fhall have intimated 
to you, that in that noble collection of experi- 
ments, that has about two years fince appeared 
in publick, as the firft-fruits of the juttly fa- 
mous Florentine Academy, I find, that thofe 
virtuofi liad, according to their fagacity, fo ad- 
vanced the extent of the air, a$ without the 
help of heat to bring the dilatation to exceed 
one hundred feventy-three times its former di- 
menfions ; and that, which made their im- 
Frovement the more confiderable, and conte- 

quently 
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4A DISCOVERY 


cucniy the mere worthy of them, 1s, that they 
procured this great rarefaction, as well as I had 


of 


Ludid dcemonftrates, the proportion between El. 12. 
{phercs is triplicate to that of the Giameters, Propot, 


done mine, by the air’s own {pring ; and had 
jurpafled without the help of my engine, what 
I was then at firll able to do by the conve- 
nicncies that it afrurded me. Whereupon, re- 
membering wnat I had performed in that kind 
feveral years betore, 1 fought among my pa- 
pers for the trials I had then made, and found 
theie notes, whereof, I now, at length, think 
it high time to give you the promifed copies 
in the following terms. 


EXPERIMENT 1, 


E took a round glafs-ege (as they call 

them) of clear metal furnithed with a 
pipe, or fhank, of fome inches in length ; this 
we filled with water, and conveyed both it and 
a vial with water in it, into a receiver of a 
convenient fize, and by pumping the air out 
of it, we made the bubbles both in the ego 
and the vial to difclofe themfelves in great 
numbers; fo as to make the liquor in the 
clafs-egg feem to boi, and to make all that 
was in the fhank really to run over. When 
we thought the water was fufficiently freed 
trom air, which it was not quickly brought to 
be, we took out the glaffes and filled up the 
pipe of the egg with water talcen out of the vial, 
and inverted it into more of the fame water, 
in fuch manner, that the egg was quite full, 
fhank and all, excepting a {mall bubble of air, 
that we purpofely left to gain the top of the 
eg, where, the glafs being tranfparent, with 
a pair of compaffes we meafured as accurately 
as we could, and found it to be a tenth, and 
lefs than two centefms of an inch. ‘Then 
putting the glaffes again into a receiver, we fet 
the pump at work, and the little bubble, after 
a while, began to expand itfelf, which when 
it had once done, 1t did at each fuck ftrangely 
increafe, till at length it drove all the water 
cut of the round part of the glafs, And left 
it might be objected, that it was only the fub- 
fiding of the water upon the withdrawing of 
the outward air, that before kept it up to the 
top of the glafs, we caufed the pumping to 
be fo continued, till the expanded air had fe- 
veral times driven the water in the pipe of the 
egg, a pretty way beneath the level of the 
external and furrounding water in the other 
glafs. This done, we let in the air by degrees, 
with a defign to obferve, what bubble we 
fhould find at the top of the egg, when the 
water fhnould be again driven up into its cavi- 
ty. But the expanded air had forced over fo 
much water, that there remained not enough 
to fill the globulous part of the ege: where- 
fore we tried the expertment again, and when 
we had proceeded thus far, we compared the 
above-mentioned diameter of the {mall bubble, 
with that of the fpherical part of the glafs, 
which we took with a pair of Callaper com- 
pafles: and though we found it to be fome- 
waat more than 20 times as great, yet being 
willing rather to disfaveur than flatter the ex- 
periment, we fuppofed the two diameters to 
be as x to 20, and confequently, fince, as 


} 


and in our cafe, the cube of the leffer diameter 
being one, is alfo but one, the cube of 20, 
the greater diameter, mult be Sooo; and fo 
the air appears to have, by expanding itfelf, 
acquired a place E000 times as big as it poffeffed 
before. Nor was it overfeen by us, that the 
flobulous part of fuch glaffes as we uled is 
icarce ever made {pherical. But not only J, 
but Dr. Wallis, who was pleated to affift at 
the experiment, concluded, that the cavity of 
the fhank, which the expanded air drove the 
water from, but which, we did not compute, 
would make abundant compenfation for 
the two above-mentioned particulars. After 
this, for further fatista€tion, we tock water, 
laborioufly freed from air, and putting it into 
the fame glafs-egg, we invertcd it as before, 
but left not any bubble in it. This we did, 
that in cafe we could make the water fubfide, 
the experiment might prevent a fufpicion, that 
fome air latitant in the water might increafe 
the bubble that was formerly leftin it; having 
then exhaufted the receiver as much as before, 
and if we miftook net, more, the water in the 
ege did not all fubfide; but ac length, with 
obitinate pumping, a bubble difclofed itlelf, 
and drove all the water clear out of the round 
part of the glafs; and though by reafon of 
fome {mall leaks, that we could not find or 
ftop, we were not able, as before, to make the 
expanded air deprefs the water in the thank, 
beneath the furface of the external water, yet 
we wanted very little of it; and then out cf 


wearinefs giving over, we found, that when. 


the water was impelled up again into the egg, 
there was at the top of it a bubble, whofe dia- 
meter we meafured as faithfully as we could, 
and found it to be to the diameter of the glo- 
bular part of the elafs, as 1 to 143 fo that, 
though the little bubble had been a perfeét 
{fphere, yet {fpheres being, as was lately noted, 
in triplicate proportions to their diameters, 
the bubble when expanded, muft have been 
2744 times as big as the bubble unexpand- 
ed. But Dr. Vallis, who will be allowed to 
be a very competent judge in thefe matters, 
obferving (what we all took notice of) the 
great thinnefs of the bubble, pofitively and 
conftantly afhrmed, that he could not eftimate 
it to be at moft any bigger than the third part 
of a perfect {phere of that diameter; by which 
eftimate the expanficn of the bubble mutt 
have reached to 8232 times its natural di- 
menfions. 

N.B. By letting in water into the receiver, 
as much as it would admit, we found, that by 
reafon of fome fecret leak, we had not been 
able fo to exhauft it, but that there remained 
fome air. 


EXPERIMENT IL 


SMALL and almoft inconfpicuous bubble June z, 


expanded itfeif, when the ambient air 1462. 


was pretty well exhauited, to more than 10,0co 
times its former extent. The manner thus: 
we took a fmall bolt-head, blown by a lamp, 

which 


w 


ult, 
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which contained in all about 80 grains of wa- 
ter, and inverting the fmall neck into a jar of 
water, it was included in the receiver, and the 
ambient air being exhaufted, ftore of bubbles 
rofe out of the water, and expanding icfelf, 
guickly drove all the water out of the bolt- 
head: Then re-admitting the outward air, the 
bolt-head was prefently almoft filled, and all 
the expanded air fhrunk into a bubble, little 
bigger than a {mall pin’s head ; then taking the 
bolt-head out of the water, and inverting it, 
that the bubble might get out at the neck, we 
carefully filled it up with the water, that had 
been ‘freed from air, and then inverting it as 
before into the jar with water, we again in- 
cluded it, and after fome exfuctions found, 
that there was gotten out of the water into the 
neck a very confpicuous bubble, which, upon 
the admitting of the air, fhrunk almoft into 
an invifible one, and afcended into the head 
of the glafs, Then again exhaufting the re- 
ceiver very well, we found it expand itfelf, fo 
as to fill all the capacity of the bolt-head, and 
to drive out almoft all the water. And upon 
the re-admitting of the air, it again fhrunk into 
a bubble, whofe diameter (according to our 


beft eftimate) was not bigger than one twoand._ 
ewentieth part of the diameter of the head of 


the above-mentioned glafs; fo that to fill the 
whole cavity of the head only, it expanded it- 
felf 10648 times: but becaufe it filled hkewife 
the greateft part of the neck, we found by 
weighing the water that filled that part, and 
the water ‘that filled the head, that the capa- 
city of that part of the neck, was almoft a third 
ofthe capacity of the head, being as 141 to 
ai: if therefore 481, the’ capacity ‘of the 
head, contained it 10648 times; 141, the ca- 
pacity of the neck, muft contain it 3121 17 
times; fo that in all, the fmall bubble of air 
was expanded to above 13769 times its for- 
mer bulk. 

Tue diameter of the {rnall bubble retracted 
was <7 of an inch. 

Tue diameter of the outfide of the head of 
the glafs was 3% of an inch. | 

Tue water that filled the head only weighed 
60 = grains. 

Tue water, that filled the head, and as much 
of the neck as the air had before expanded it- 
felf into, weighed 78 1: grains; fo that that 
part of the neck weighed 17 $ grains. 

Tue bolt-head itfelf weighed 15 grains. 

I might have fet down this fecond experi- 
ment unaccompanied either with the firft, or 
with that Iam going to fubjoin; becaufe the 
expanfion produced by neither of them was, 
at leaft by meafure, fo vaft, as that produced 
by the trial newly mentioned: but this was fo 
ftupendous, that I thought it not fo fit to pre- 
fent it to you by itfelf alone, but rather accom- 
panied with other experiments, the leaft profpe- 
rous of which produced a dilatation of air fuffi- 
cient for my prefent purpofe, and fuch as may 
not a little confirm, that what is recited in the 
‘fecond experiment, was neither a lucky chance, 

or miftake. And that may be enough for my 
prefent purpofe; for as for the little abatements, 
that fome will perhaps think fit to be made 

Vou. Ii, 


upon thé fcore of the unequal thicknefs of elafs 
or fome fuch circumftances, they are not con- 
fiderable enough to deferve to be now folici- 
toufly debated, nor to hinder the expanfion, 
that muft be granted from proving what they 
are alledged for: wherefore I will proceed to 
what follows. — 


EXPERIMENT It. 


W* tried this experiment again, and found 
a {mall bubble, much about 3. of an 
inch in diameter, filled not only the ball at the 
end of the bolt-head (which was 1 + of an inch 
in diameter) but the whole neck, which con- 
tained near as much water as the head, and 
beat down the furface of the water within the 
pipe, much below that of the water without 
the pipe. 

THESE experiments already found among 
my old papers will, I hope, without feeking 
for more, fuffice to manifeft, that the expan. 
fion, which the air may be reduced to without 
heat, is indeed admirable; for if we make an 
eftimate of it but according to the experiment, 
which had the moft moderate fuccefs, it ap- 
peared, that one fpace poffeffed, though not 
adzequately filled, by a portion of air, may have 
its air extended to at leaft 2744 {paces equal to 
it; I fay, at leaft, becaufe very probably it was 
above twice as great: and if we make our efti- 
mate according to the moft profperous of out 
trials, we mutt allow the air to be rarefiable at 


‘leaft 13000 tithes; I fay dgain at leaft, becaufe 


Iam not fure, that in thar trial it was reduced 
(not fully, though perhaps very near) to the 
uttermo{ft degree of rarefaction attainable in 
our engine: fo that I prefume you will now 
grant, that I fpoke warily and much within 
compafs, when I mentioned but an expanfion 
from one to a thoufand. | 

_ Anp now having performed the promife I 
made you, it remains only, that I take notice 
of the requeft, that you made me, about com- 
municating thefe experiments to the curious. 
But this defire of yours is oppofed by no finall 
inconveniencies, that would refift my “comi- 
pliance with it. For it would oblige mie by 
tearing out ‘thefe papers, to difmember a col- 
lection long ago m making, and wherein they 
were placed to be much otherwife difpofed of, 
and notonly makea great gap in it, but ftrip or 
deprive it of fome things, that were the likelieft 
to recommend it. Befides that thefe appear- 
ing before the reft are odd enough to make 
thefe feem far lefs uncommon, than perhaps 
otherwife they would. Yet all this notwith- 
ftanding, I find it uneafy to refufe, what you, 
and thofe friends, that concur with you on 
this occafion, defire, that if after having once 
more perufed thefe papers, you perfift in the 
fame earneftnefs you expreffed yefterday, when 
you had not yet feen them, I fhall not refute 
you the difpofal of them, both for the reafon 
now given, and becaufe I have been informed 
as well by you as by other means, that the rare- 
faction of the air is at prefent the fubjeét, that 
bufies the difguifitions of fevera] eminent vir- 
tuofi, both domettick and foreign, to whom I 
pay 
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pay fo much refpect, that I fhall think it ahap- 
pinefs, if it may be acceptable to them, not 
only becaufe it will be feafonable, but becaufe, 
that though the engine, that moft of the at- 
tempts were made in, has not been thought al- 
together barren, yet thelfe trials will probably 
pafs for one of the leaft inconfiderable produc- 
tions of it: and thefe two fervices I hope this 
fhort writing may do feveral ingenious readers ; 
the one, that it wili invite and accuftom them 
to take notice of, and confider the great fub- 
tlety of nature, and the fcarce imaginable {mall- 
nefs of thofe aerial inftruments, that fhe em- 
ploys even about vifible operations: the other, 
that thefe relations will excite the more curious 
and piercing wits to debate, and I hope help 


New OssERVATIONS about the DURATION 


them to folve the two problems here propofed 
to them; what figures and motions may be 
afligned to the particles of the air, to explicate 
it's fo, wonderful rarefiablenefs, and that per- 
haps without quite lofing its durable fpring, 
and how the air comes to be rarefiable fo ma- 
ny times more without heat, than hitherto we 
have found it to be by heat. To which might 
be added, as a third, what might be reafona- 
bly conjectured about that part of the cavity of 
an exactly clofed glafs, where, though the eye 
difcovers no vifible fubftance harboured in it, it 
appears not, that the common air does ade- - 
quately fill fo much as the ten thoufandth 
part? . 


NEW OBSERVATIONS 


ABOUT THE 


DURATION OF THE SPRING 


OF 


EXPANDED AIR 


(Subjoined by way of APPENDIX to the foregoing 
EPISTLE. : 


ORASMUC Has reviewing the for- 
mer paper about the Rarefaction of 
the air, Itook notice in the clofe of it 
of an expreffion (viz. and that per- 

haps without quite lofing its durable fpring) 
which I fear may, to fome readers, feem to 
need explication ; it will not be improper on 
this occafion to fubjoin fomething by way of 
appendix about it. 3 

First, then the reafon, why, in this fhort 
intimation, I thought fit to employ the diffi- 
dent term perhaps, was, becaufe I had not 
(nor yet have) been taught by trial, whether 
and how far the utmoft expanfion of the air 
actually produced in my engine, or otherwife 
procurable, and its retaining a fenfible fpring, 
are confiftent. Iexprefs my felf thus, to infi- 
nate, that I thought of other inftruments and 
methods, whereby the dilatation of the air 
may not improbably be meafured and promo- 
ted; as by making the Torricellian experiment 
in a glafs with a very capacious head or globu- 
lous part, and applying the aerial particles, 
that will afcend out of the fubfiding mercury 
together with a bubble of other air, if it be 
needful, to the ufe we have been fpeaking. 
Something alfo may be done, to fome purpofe, 
with very fine and large fifh-bladders ; but I 


fhall not infift on thefe, or the other expedi- 
dients, that came into my thoughts, content- 
ing my felf to have intimated, and thereby ac- 
knowledged, that there may be other means 
befides the Machina Boyliana, to bring air to 
avery great expanfion. But whether any of 
them will furpafs what has been actually at- 
tained in that engine, time muft declare ; till 
when, we fhall be content to make ufe of the 
experiments it has already actually furnifhed us 
with. 

WHEREFORE to come the fecond or other 
remaining part of it; whereas in the mention- 
ing of the fpring of the expanded air, I em- 
ployed the attribute of durable, you may eafi- 
ly gather the reafon, from what J am now go- 
ing to annex. 

T had obferved, not without fome wonder, 
in the enquirers into the nature of the air, that 
they have not, that I knowof, fo much asat- 
tempted to difcover, whether the air, either in 
the utmoft, or in the intermediate degrees we 
can bring it to, does retain a conftant and du- 
rable elafticity ? 

For, firft, men have not determined, whe- 
ther a portion of our common air being exa¢t- 
ly fhut up in an hermetically fealed glafs, or 
fome other exattly clofed veffel, will conftantly 

and 
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‘and uniformly, for a moderate time at leaft, 
retain the degree of elafticity it had when it 
was fhut up: And whether it will not fome- 
times vary its preffure, as we fee, that the at- 
mofpherical (though I think upon peculiar 
grounds) is, by the help of our barofcopes, 
obferved to do? Next, it does not appear, 
whether included air, in cafe it retain an uni- 
form elafticity fora moderate time, will retain 
it for a very long one. Nay, whether it 
would not at length comenot to have a weaker 
fpring, but perhaps to have no fenfible {pring 
at all, as we fee in happen it fword-blades and 
divers other fpringy bodies, which, after having 
ftood too long bent, will continue fo, and lofe 
their former power of felf-reftitution, as they 
call it. 

Tu1irpDLiy, Men have not yet determined 


‘any thing about the degrees of the air’s elaf- 


ticity, whether the durablenefs and uniformity, 
or varying of its ftrength, may not depend up- 


on the differing degree it had, when it was 


firft fhut up. 

FourtTuiy, Much lefs have we yet at- 
tempted to difcover, whether the fpring of an 
enclofed portion of air may be fometimes 
weakened, and fometimes ftrengthened by the 
changes, asto gravity, of the outward atmof- 

herical air, the new and full moon ? To which 
i might add divers other external accidents, 
which, as yet, we fcarce fufpect. And to thefe 
I might add fome other doubts and enquiries, 
that may not be impertinently fuggefted, but 
here would, I fear, pafs for a digreffion. 

WuHereroreE [ fhall proceed to tell you, 
that having taking notice of it, as an omiffion 
among the inquirers into the nature of the air, 
in whofe negligence I was too long a fharer, 
that we have not, that I know of, fo much as 
attempted to difcover this itfelf: whether the 
air, either in the utmoft, or in the intermedi- 
ate degrees of rarefaction we might bring it 
to, would for a confiderably long time retain 
its elafticity, or at leaft, fome determinate de- 
gree of it, or lofeit by determinateand revular 
decrements, I thought fit to make fome trials 
about this matter, but cannot brag of the fuc- 
cefs of my intentions, having been hindered 
either by want of inftruments, or by removes, 


or by ficknefs, or by unlucky accidents, or by 


one unwelcome thing or other, from accom- 
plifhing what I had chiefly defigned, and part- 
ly alfo made fome progrefs in it $ but yet to 
give you fome hints, as well as fome occafion 
to more profperous experiments, I fhall not 
ftick to annex, what I readily call to mind a- 
bout my attempts on that occafion. | 
Iremember then, that when I firlt begaii to 
try fomething in order to my defign, being 
deftitute of fit accommodations, I was fain to 
content myfelf, by caufing a good bubble of 
glafs with a ftem to be fo blown at the flame of 
a lamp, that whilft the ball was yet exceeding 


hot, and confequently contained none but high- . 


ly rarefied air, the {tem was very nimbly clap- 
ped into the flame of a candle, that was pur- 
pofely kept ready at hand ; fo that being flen- 
der, it was in a trice fealed up, and the air 
within remained as much expanded, as the 


great heat, it had been expofed to, had brought 
itto be. This bubble many months atter 
inverted into a bafon of water, and having 
broken off the feal under the furface of it, the 
liquor was violently impelled into the cavity, 
but yet was not able to fill it, a confiderable 
part being defended from the further afcenfion 
of the water by the fpring of the remaining 
air, which, for all the long ftretch it had been 
put to, had not loft any thing of its fpring, 
that we could take notice of. But this was a 
trial, in which I could by no means acquiefce ; 
and therefore when I was a little more befriend- 
ed by opportunity, I tried another way, partly 
to give a fomewhat pleafing furprife to unac- 
cuftomed beholders, and partly, becaufe though 
it could not fhew all, that I defired, yet it 
might plainly fhew, that the air, even at a 
very confiderable extenfion, would hold out 
for a confiderable time. Wherefore leaving a 
very {mall proportion of air in the folds of a 
fine limber bladder, whofe neck was very clofe+ 
ly tied, I caufed it to be, by the help of the 
Machina Boyliana, foexpanded, that at length 
it fo dilated it felf, as to feem to fill the whole 
bladder, and reduce it to the extent it had juft 
before it was emptied ; and the bladder, bya 
peculiar contrivance, was fo included in ano- 
ther veffel, that being protected from all in- 
trufion of the outward air, it maintained its 
plump and tumid figure, and in that un- 
wrinkled ftate I fhewed it, many months fince, 
to fome virtuofi, now here in London, after it 
had continued fo, if I miftake not, near two 
years. Since the writing of this, I did, at 
length, find the newly mentioned veffel, and 
fhewed it to fome curious fpectators, who 
with me took notice, that the included bladder, 
inftead of being wrinkled or fhrunk, appeared 
to be plump and full, as well blown bladders 
aré wont to be. So that many months, per- 
haps a dozen, tnay be added to the frefhly 
mentioned duration of the expanded air. 

But this way fatisfying me neither as to 
fome of the particulars I defired my attempts 
fhould difcover, I devifed a little inftrument, 
whofe contrivance, though it feemed very fim- 
ple, promifed, and for fonie time gave mea 
far more accurate account of what I expected. 
The inftrument, if you defire it, I can eafily 
fhew you, having lately been forced to make 
a new one, which is now by me: but it may 
fuffice to tell you, that is is fo framed, that it 
is fit to difcover, befides divers other things, 
whether,and how long air brought to the great- 
eft expanfion I could conveniently reduce it to 
in my engine, will retain its {pring 3 and by 


‘what degrees or ftages and periods of time, 


the decrement, if any be, is made? But of 
the iffue of the trial made in it, I can give 
you but a very imperfect account, in regard, 
that, though I made it about three years ago, 
yet having left the inftrument in a place, where 
It is fo lodged, that I cannot have it without 
returning thither, till I fee it again my felf, I 
dare not venture to judge of the fuccefs of the 
experiment: only this I] remember, that I 
took no notice of any obfervable diminution 
in the air’s elafticity though, it were — 

and, 
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and, as it were, clogeed with a weight, 
that one would wonder how it could, when 
it was fo highly rarefied, fupport for one 
minutc™. 

TuHere is alfo another way,that I contrived, 
wherein the air in a heele portable inftrument, 
which I can fhew you, being expanded, as one 
may gueis, to five or fix hundred times (per- 
haps a thoufand times) its wonted extent, has 
not only for a long preferve:! its {pring, but fa- 
tisfies me alfo about one of my chief queries, 
which was, whether the air, very much dilated 
without heat, would be confiderably fenfible of 
external heat? which it plainly appears to be in 
this inftrument, where, notwithftanding the 
great rarity it has already attained and feems 
likely to preferve, the heat of one’s hand ap- 
plied to the out-fide of the veffel has a quick 
and very manifeft operation; and upon the 
withdrawing of it, the fenfible air quickly re- 
turns to its former dimenfions, as well as tem- 
per; fo that one may employ it as a kind of 
weather-glafs, and perhaps make fome difco- 
veries by long comparing it therewith. 

But hitherto I have been doing, what I 
do not love to do, and very rarely have done, 
when I mention my own experiments, that is, 
I have not punctually fpecified any determinate 
quantities and proportions of the things fpoken 
of ; but one of my former trials I have newly 
found out regiftred in a loofe note, and there- 
fore the quantities being annexed, I hope it 
may both give fome countenance to what 
T have been faying, and give fome, though 
not an entire, fatisfaction about the thing 
itfelf. 


March 18 A glafs, as cylindrical as we could get it 


blown at our lamp, and having a long ftem 
coming out at the unfealed end, was quite filled 
with water and inverted into water placed at 
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the bottom of a large pipe fealed at one end, 
and of three or four footin length. This ex- 
ternal pipe, fo called for diftinction fake, was 
exhauited, rll the air, that difclofed it felf in 
the water of the internal pipe, had drawn out 
the water in the cylindrical pipe, as low as the 
upper part of the ftem ; at which great expan- 
fion of the air the external pipe being fpeedily 
and fecurely clofed by a certain contrivance, 
the air thus rarefied was kept fometimes in my 
own chamber, that was warmer, fometimes in 
an under room ; and after it had been kept 
from firft to laft about eleven weeks or three 
months, if I miffremember not, without any 
other remarkable variation, than that in the 
cold room the water afcended, as I guefs’d, a- 
bout an eighth, or near a fourth at that part of 
the internal pipe ; where the lower end of 
the cylinder gradually leffened itfelf into the flen- 
der item. Yefterday I invited doctor Wallis 
to be prefent at the breaking of the glafs, and 
to favour me with his affiftance, for the better 
eftimating the expanfion of the air upon the 
breaking of the clofedapex. The water was 
but leifurely (becaufe of the flendernefs of the 
orifice, that: was made for the air to get into it) 
impelled up into the formerly deferted cavity of 
the cylinder, which it filled all, fave a little 
bubble, which was exceeding fhallow. We 
made ufe of our eyes at a fit diftance, and of 
compaffes both ordinary and callaper, to ob- 
tain thefe meafures. The cylindrical part of 
the internal pipe was 'three inches in length, 
and three fifths of an inch, or lefs, in diameter 
on the outfide. The bubble was two tenths 


in diameter, and about two centefms in depth : 
From all which, by the doctor’s calculation, 
the bubble, to the fpace it poffeffed unexpand- 
ed, was at one to one thoufand three hundred 
and fifty, 
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ECAUSE it is as truly, as commonly, 
faid, that contrariajuxta fe pofita magis 
elucefcunt, and becaufe what [am now 

going to intcrpofe, is little lefs than neceffary 
to be premifed, to clear the way to what fol- 
lows, and to connect the paft writing to that 
which is to enfue ; it will not be improper, to 
add fomething in this place touching the con- 
denfation and compreffion of the air. 

Anp here I cannot but a little wonder, that 
among fo many, thathave had occafion to con- 
fider the nature of cold, and the condenfation 
of the air by it, I have not yet met with any, 
that have had the curiofity tomeafure that con- 
denfation ; wherefore I long fince attempted to 
do it, as I have related in another difcourfe ; 
but not having that by meat prefent, and re- 
membring in general, that I did it in winter, 
when it may be objected, that the air, being 
already pree-affected with the coldnefs of the 
feafon, was not capable of being fo confidera- 
bly contracted by an additional cold, as it 
would be at a time of ycar, whenit is wont to 
be in a ftate of greater laxity; I thought fit to 
make the experiment about the beginning of 
autumn, without tying my {elf to make it with 
the fame circumilances, that J had done before 
the cvent of this trial I find regiftered as 
follows. 

AFTER the midft of September, ona fun- 
fhiny day, and about noon (which circum- 
{tances we made choice of, that the air might 
be the more rare and expanded) we took a 
bolt-head or round vial furnifhed with a long 
ftem, and placed in a frame purpofely provided, 
fo that the ftem was perpendicular to the ho- 
rizon, and the globuious part was fupported 
by fuch a veffel, that thorough a hole, purpofely 
made at its middle, the fhank reached down- 
wards, till the oiitice of it wasa Jittle immer- 
fed beneath che furface af a wtafs full of water, 
that wes placed at the bottom of the frame. 
This done, we took 2 good proportion of ice, 
and having beaten it in a mortar, and mixed 
with it a due quantity of bay-falt, we net only 
Jaid it round abeur the lower part of the ball, 
but the veifel contiguous to that part, being 
purpofely made w.ch turncd-up brims, we 
wore enabled to heap up the trigorick mix- 
ture, fo as to bury the whole globulous part of 
the glais in it, and cover the very top of it 
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therewith to a confiderable thicknefs; upon 
which occafion, the air within being exceeding- 
ly refrigerated, the water, into which the fhank 
terminated, was made to afcend fomewhat fatt 
along the cavity of the fhank, till we perceived 
it would reach no higher, but after a while be- 
gan to fubfide again; which nick of time be- 
ing carefully watched, we made a mark at the 
higheft ftation of the water, and then taking 
out the bolt-head we filled it with water, mak- 
ing allowance for that {mall part of the ftem, 
which was immerfed at the beginning of the 
operation, This water we weighed, and found 
if amount to ninetcen ounces and fix drachms, 
then weighing as much water, as fufficed to fill 
the fhank up to the mark newly mentioned, 
we found that to be one ounce and three 
drachms, by which number the former being 
divided, tne quotient was fourteen drachms, four 
clevenths, fo that the proportion of the two 
quantities of water being as eleven to onc hun- 
dred fifty-eight, the fpace, into which the air 
was condenfed byrefrigeration, was, to the {pace 
it poffeffed in its former ftate of laxity, as one 
hundred forty-feven to one hundred fifty-eight, 
and confequently the greateft condenfation, that 
{uch a time of the year and infuch weather, fo 
higha refrigeration could bring the air to, made 
it lofe but +3¢ of its former extent. 

NB. First, the ftem of the glafs ought 
to be of a confiderable length, left by the 
great contraction made of the air in the ball 
by its high refrigeration, the water fhould af- 
cend into the cavity of the ball itfclf, and 
thereby become exceeding dificult to be mea- 
fured. 

SECONDLY, if one would be nice, one may 
take notice, that the height, to which the wa- 
ter afcended in the {tem, was about two foot; 
which cylinder of water, by its weight or ten- 
dency downward, might fomewhat hinder the 
liquor from afcending quite fo high as it would, 
and confequently keep the condcnfation of the 
air from appearing fully fo great as it was, 
but fo light a cylinder as that of the fufpend- 
ed water would fcarce be very confideral Je. 

TuirbDry, when the water was afcended 
near as high in the thank as it would nf., there 
was Obferved init an odd kind of fibfultu , ci 
rifing and falling alternatively, alm 1. th: 
mereury in the Porncellien expennent. birore 
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the mercury comes to fettle after its farft fub- 
fidence. [But.the confideration of this phzeno- 
menon belongs not ta this place; tor which 
reafon IJ infift not on this, and forbear men- 
tioning fome others. ] 

FourTHLy, that though it appears not by 
this experiment, whcther the cold thus pro- 
duced is equal to that of frefty weather in win- 
‘ter, and confequently capable of contracting 
the air as much as that feafon is wont to do; 
yet by preceeding trials, made with fit in- 
{truments, I had found, that by fuch an ap- 
plication of ice and falt as we had made in 
the late experiment, a greater degree of cold, 
and that in a warmer feafon, might be pro- 
duced, than had been found neceflary to make 
frofty weather in winter. The way of expe- 
rimenting for brevity fake I omit, but if you 
pleafe you may command it. 

Bur it is not chiefly to acquaint you with 
the condenfation, that nature ufes to make of 
air, that I have been entertaining you with 
thefe memorials ; for that, which makes it very 
pertinent to my prefent purpofe, is, that it will 
fhew you, that as to the condenfation or com- 
preffion of air, that I am to recite, though 
cold were employed about it, yet it was not 
really produced by cold, which could not can- 
tract the air to fo much as half that degree, 
you will find-it was reduced to by our opera- 
tion, prefently to be mentioned ; wherein the 
frigorifick mixture did not primarily or im- 
’ mediately comprefs the included air, but on- 
ly fo affected the water, that was fhut up with- 
in the fame veffel, as to make it fwell, and 
confequently crowd the aerial particles into lefs 
room: wherefore it now remains, that we pro- 
ceed to the experiment itfelf, a fhort account 
of which be pleafed to -take in the enfuing 
tranfcript. 

To convince fome ftrangers, we took a 
new olafs bolthead, witha neck not long, and 
filled it fo far with common water, that being 
hermetically fealed, the hquor reached within 
three inches of the top, as near as we could 
suefs by meafuring it with a ruler, and mak- 
ing an eftimate of the fharp end, made fo for 
the conveniency of fealing up the glafs, which 
fharp end we gueffed to be about a quarter of 
an inch in length, then applying {now and 
falt to the lower part of the bolt-head, we 
readily drove out the water further and fur- 
ther into the neck, till at length it was got 
up to the bafis of the fharp and conical end, 
where the glafs was fealed, anc then juft as I 
was looking upon it, the glafs flew with a noife 
about my ears, being broke into many pieces, 
which argued the compreffion of the air to 
have been very great. And Doctor Wallis, 
who was prefent, and meafured it from time 
to time, defired me to regifter the experiment, 
with his eftimate of the compreffion, which 
was, that the air was reduced into the fortieth 
part of its former extention. | 
~ [know fo great a condenfation of air will 
feem ftrange to thofe, that have taken notice, 
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that fome of the beft mathematicians of our 
age, that have made ufe of wind guns, and 
other forcible engines to crowd the air into as 
narrow room as poffibly they could, confels 
themfelves not to have been able, with all their 
{trength and induftry, to force the air into lefs 
than the fifteenth part of its ufuial extent; and 
befides, that this was done in countries, where 
the air may * well be fuppofed mere lax and 
rare thanin England. 1 confefs I faw no trials 
made with wind-guns, that convinced me, 
that the condenfation was fo great as that new- 
ly fpecified: (about which Aéerfexnus himfelf 
fomewhat hefitates, feeming to doubt, whether 
the air were indeed reftrained into a fifteenth, or 
but into one eighth part of its former rocm.) 
And he, that hath obferved and confidered, as 
I have done, that in wind-fountains, as they 
call them, of glafs, the air will feem to be 
notably compreffed, whilft, indeed, we could 
not find it compreffed into much lef than its 
third part, will be the lefs unapt to be diffi- 
dent of the great things, that are faid of the 
compreffion of the air: but becaufe experience 
has informed us, that our Enelifh air may in 
peculiar inftruments be forcibly crowded into 
a tenth, twelfth, or perhaps a fifteenth part 
of its former extent, I am content to take it 
for granted, what is related about the com- 
preffion of the air, into the ‘fifteenth part 
of its ufual dimenfions; and yet our experi- 
ment will be a confiderabler inftance of the 
great compreffibility, if I may fo fpeak of the 
air; for, according to the eftimate delivered in 
the foregoing narrative, our compreffion, which 
was without mechanical inftruments or engines, 
reduced the air into the fortieth part of the 
{pace it had lately poffeffed; and how great a 
force is requifite, when the air is once confi- 
derably condenfed, to furmount, though but a 
little, its great reffiftance to further condenfa- 
tion, may be gathered from the obfervations 
about the gradual renitency of the air to com- 
preffion, which we many years fince made 
with mercury, and afterwards publifhed in ano- 
ther treatife: but though upon the recited 
grounds, that great compreffion of the air pro- 
duced by our experiment may, as I was fay- 
ing, feem very ftrange, yet it would not feem 
incredible, if I fhould here borrow thofe ex- 
periments and obfervations from my already 
publifhed hiftory, and fome unpublifhed pa- 
pers about cold, that would countenance what 
I have been delivering, and efpecially if I 
fhould {tay to communicate to you the way, I 
not unfuccefsfully made ufe of, to eftimate by 
weight the great force of the expanfion of wa- 
ter upon its freezing. But fince an account of 
this contrivance is not here neceflary, and 
would require more leifure than I can fpare 
at this time, it remains only, that by way of 
corollaries from what has been hitherto deli- 
vered in this andthe two precedent writings- 
we rather point at, than difcourfe of fome 
obfervations, that it fuggefted to us, in the en- 
fuing paper. 


* See Alerfen. Phen. Pneum. Prop. 32, 
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NUS. 


OF THE ADMIRABLY 


DIFFERING EXTENSION 


OF THE 


Same QuANTITY of AIR, 


RAREFIED and 


AVIN G already declared, that what 

H I pretend to in the clofe, is but to 

fet down fome obfervations, that re- 

fult from, or are fuggefted by what hath been 

already delivered, I prefume I need not trou- 

_ ble you or myfelf, with any other preface 
to what follows. 

Tuat then, which feems firft worth taking 
notice of, is the differing alterations, that the 
air 1s fubjected to by cold and heat: for 
whereas we could not find in this our cli- 
mate, that cold ‘would reduce the air into 
near the twentieth part of its former exten- 
fion by condenfation, heat would advance it 
to near feventy times its ufual laxity by rare- 
faction. 

Next, we may obferve, that by engines 
and other artificial inftruments, the air may be 
two or three times as much compreffed, as na- 
ture is wont to condenfe it by cold; even in 
frofty weather; and fo on the other fide, the 
air may by the intervention of art and inftru- 
ments be much more rarefied and expanded, 
than it has been yet found to be by the bare 
application of external heat, though it were 
that of an intenfe fire itfelf. 

Ceeas to UC URTHERMORE, it may feem worth while 

the utmoftto obferve, how much the utmoft degree of 

expanfion rarefaction by heat, that experiment hath 

Menten . ,dnewn us of the air falls fhort of the degree of 

Cog.Phyf, €xpanfion, to which it has been advanced in 

Mathem. Our pneumatical engine, the proportion be- 
twixt thefe two expanfions being that of one 
to feventy, or thereabout. 

But, perhaps, it will not be neceffary to 
conclude, that the air is fo much more rarefia- 
ble than compreffible, as moft readers will be 
prone to infer, by comparing the greateft 
compreffion and expanfion of it, that are 
mentioned in thefe experiments; fince, if I 
miftake not, it ought to be confidered, that 
the air, we made our trials with, upon the 
furface of the earth, was not (no more than 
is the air we commonly breath) properly in a 
true natural confiftence, as they fpeak; or, if 
you pleafe, in a free and indifferent ftate. in 
reference to rarefaction and condenfation, but 
was already highly compreffed by the weight 
of the.atmofpherical pillar, that leaned upon it, 
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fo that is had already a very ftrone renitency 
to further compreffion ; whereas the air, that 
was to be rarefied, had, by virtue of its fpring, 
(ftronely bent by the weight of the incumbent 
air) a {trong propenfion or tendency to dilate 
itfelf; which difference I muft content my felf 
to have intimated, and leave you to confider, 
whether and how much it may alter-the cafe. 

Four THLY, To fome perhaps it will feem 
more fit to confider, than eafy to refolve, how, 
fince the corpufcles of the air are acknowledged 
to be heavy, and thofe, that remain, muft be 
fo wonderful thinly difperfed in the cavity of 
the receiver, they come to be fupported, and 
kept, as it were, {fwimming therein, and do not 
appear to fubfide by their own weight, the 
Materia fubtilis (though the prefence of that 
fhould be admitted) not appearing to have 
gravity, wherewith to fuftain them ; and the 
vacuum (if that be fuppofed wherever the aerial 
particles are not) being too near a-kin to no- 
thing, ta be able to oppofe their defcent : but 
though fomething may be fuggefted about the 
folution of this doubt, my hafte obliges me to 
leave it as fuch. 

Firtu ry, I will not make it my bufinefs 
to make mention in this place of the wonder, 
that may be juftly excited in thofe, that when 
they look on one of our well exhaufted re- 
ceivers, attentively confider, how {mall a pro- 
portion the common aerial corpufcles, which 
are very {paringly difperfed there, bear to the 
whole cavity of the veffe], which, before it was - 
exhaufted, was thought to be replenifhed with 
air alone. This, I fay, I fhall not follicitoufly 
obferve, becaufe’I think I need not ; for I lit- 
tle doubt, the thing will be obferved and laid 
hold of, both by the Cartefans and Epicuri- 
ans; the former of which will endeavour 
thereby to eftablifh the neceffity of their Mz- 
teria fubtilis, to maintain the plenitude of the 
world, and the circle they attribute to moving 
bodies ; and the latter will here triumphantly 
pretend to have a more illuftrious inftance than 
ever, of their vacuum coacervatum within the 
world, fince there ts an impenetrable veffel, 
out of which it is manifeft, that an almoft in- 
credible proportion of aerial fubftance hath 
been manifeftly made to iffue; whereas it Is 

no 
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no wiys manifit to any cf our fenfes, that 
any other body has got in to fucceed in its 
room: wherefure leaving them to debate, what 
it is, that is contained in that far greateft pare 
ot the veflel, that the air pumped out of our 
receiver has deferted, I take notice, 

Sixtruty, That to conclude with what 
was the main drift of this, and the foregoing 
papers, We are here invited to obferve, with 
wonder, the {tupendious mutability of the air, 
as to rarity and denfity, whereby the fame 
quantity of air, being fometimes compreffed, 
fometimes dilated, may change its dimenfions 
toa decree, that feems almoft to tranfcend 
the power of nature and art, and by confe- 
quence might probably be rejected as incre- 
ble, if it were abruptly and nakedly propofed : 
and therefore it will be convenient to do, 
though very briefly, thefe two things, 

Frast, To confider, what we have upon 
experience delivered in our defence againft the 
learned Linus, touching the condenfation and 
rarefaction of the air, as it is expofed toa 
greater or fmaller preffure ; without the inter- 
vention of either external heat or elaborate 
engines. For from thefe experiments, (that 
may be found in the lately mentioned detence*) 
eminent mathematicians have inferred, that one 
can fcarce fafely put determinate limits to the 
{tupendous rarity, which the upper part of 
the atmofphere, being almoft totally uncom- 
preffed by incumbent particles of air, may 
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be fuppofed to have by nature, un-affifted 
by art. 

Awnp this is the firft of the two things, I 
above defired to have taken notice of. But 
the other (which though it be but the fecond, 
is much the more confiderable) is to confer to- 
gether the {malleft extent; to which we have 
reduced it by condenfation, and the greateit, 
to which we have advanced it by rarefaction, 
after having taken notice, that according to 
the leaft eftimate of any recited in the fore- 
going experiments, the extenfion of the fame 
air, is as 1 to 2744, or thereabouts; and it 
inftead of the moderateft, we take the greateft 
expanfion of the air, being (leaving out the 
odd hundreds to make the rounder number) 
as 13000 to 1, when the uncomprefied air was 
highly rarified, that number being multiplied 
by 40, becaufe of the fore-mentioned compref- 
fion of the air, will emount to 520000, for the 
number of times, by which the air at one time 
exceeds the fame portion of air at another time ; 
which is a difference of expanfion fo great, 
that I hope it will keep you from thinking 
the title of the foregoing epiftle, where the 
expanfion of the air is called admirable, immo- 
deft, efpecially fince I have forborn to men- 
tion,what probable arguments might be offered, 
to prove it at leaft poffible, thar the induftry 
of men, and perhaps our own, may find means 
to make both the condenfation and rarefaction 
of the air to exceed the uttermoft, whereto 
we have yet been able to bring them. 


* Chap. V. Whofe Title is, Two New Experiments touching the Meafure of the Force of the Spring of the Air 


compreiled and dilated. 
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Touching an Obfervation to be inferted above, (Page 208) wnmediately 
after the Mark *. 


i CE the writing of this, the author 
chanced to find one of the lately men- 
tioned inftruments of a confiderable bignefs, 
which was prefumed to have mifcarried; and 
comparing it with a memorial made, when it 
was firft compleated, to keep in memory the 
heights, dimenfions, 8c. of the inclofed mer- 
cury and air; we found, that in about ten 
weeks, there was not any confiderable va- 
riation of them; and the little fhrinking of 


the air, which was difcoverable by an atten- 
tive eye, was not fuch, but that it might be 
probably afcribed to the change of the wea- 
ther to a far greater coldnefs which might be 
fuppofed, a little (and it did it but very little) 
to weaken the fpring of the included air, and 
confequently abate of its full refiftance to the 
preffure of the mercury in the longer leg of 
the fyphon. 


AN 


AN 


OBSERVATION 


OF 


A 


SPOT IN THE SUN. 
Firft Printed in the PuiLosopHicaL TRANSACTIONS, 
N° 74, p. 2216, for pri/ the 27th, 1671. 


Friday, April 27, 1660. 

BOUT eight of the clock in the 
A morning, there appeared a {pot in 
the lower limb of the fun, a little 
towards the fouth of its zequator, which was 
entered about zo of the diameter of the fun, 
itfelf being about rss, in its fhorteft diame- 
ter, of that of the fun; its longeft, about 
goof the fame. It difappeared upon Wed- 
nefday moming, May goth, though we faw 
it the day before, about ten in the morning, 
to be near about the fame diftance from 
the weftward limb a little fouth of its sequa- 
tor, that it firft appeared to be from the 
eaftward-limb, a little fouth alfo of its zequa- 
tor. It feemed to move fafter in the middle 


‘¢ It wasa very dark fpot almolt of 
“¢ a quadrangular form, and was 
*¢ inclofed round with a kind of 
“¢ dufkifh cloud, much in this form, 
‘‘ and in this proportion to the 
<¢ {pot. 


‘¢ of che fun than towards the limb. 


“© We firft -obferved this very fame fpot, 
both ‘for figure, colour and ‘bulk, to ‘be re- 
entered the fun, May 25th, when it feemed 
to be ih a part of the fate line it had for- 
merly traced; and was entered about +5 of 
its diameter about feven of the clock in the 
afternoon. At the fametime there appeared 
another fpot, which was juft entered, -and 
appeared to be entered not above riz part 
“< of the fan’s diameter. It appeared to be 
<‘foneeft towards the north and fouth, and 
“© fhorteft towards the eaft and weft. There 
“¢ feemed to be difperfed about it divers 
© fmall clouds here and _ there.’? 

{Tess obfervations were made, as the no- 


ble obferver told us, with an excellent te- 


lefcope, in the prefence of divets curious and 
ingenrous perfons, one of whom was Mr. Hovk. 
And difcourfing of thoughts he had enter- 
tained touching thé effects of firch fpots, he 
fuggefted this inquiry, whether they might 
not caufe a coffiderable alteration both in the 
body of the fun itfelf, and in our air, and the 
bodies in it upon their diffipation?] 
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Wherein are propofed and hiftorically illuftrated fome 
Conjectures about the Confiftence of the Matter of 
Precious STONES, and the Subjects, wherein their 


chiefeft Virtues refide. 


The PUBLISHER ¢@o the READER. 


HE philofophy and origin of gems, 
aswell as their ufefulnefs and virtues, 
will, I am perfuaded, be found, up- 
on the attentive perufal of this effay 
itfelf, fo rationally and warily delivered there- 
in, that there will need nothing to be faid in 
the praife of the compofure thereof. I dare 


venture, notwithftanding the noble author’s: 


modefty, to prefent it to the moft critical 
tafte, without hanging out a bufh to it. 

Aut I have to fay in the publifhing thereof 
fhall be the fame, that was alledged by the 
Englifh interpreter of the learned Steno’s Pro- 
dromus to an intended differtation of his, con- 
cerning folids naturally contained within folids, 
printed the laft year by Mojes Pitt in Little 
Britain; where in the Englifh preface occur 
paffages to this effect, w7z. 

‘© Tat the honourable author of this ef- 
« fay, before he would fee or hear any thing 
«© of that Prodromus of Stezo, did upon occa- 
<¢ fion folemnly declare to the author of that 
‘¢ Englifh verfion (who there protefts, that 
<< he fpeaks it dona fide.) the fum and fub- 
«¢ {tance of what is deduced at large in this 
¢¢ craét; the manufcript whereof the faid 
‘“‘ interpreter then faw, and received it into 
«¢ his cuftody for publication : which fum was 
« this; firft, that the generality of cranfparent 
«© gems have been once liquid fubftances, 
“< and many of them, whilft they were either 
«¢ fluid, or at leaft foft, have been imbued 
¢¢ with mineral unctures, that con-coagulated 


with them; whence he conceives, that di- 
vers of the real qualities and virtues of 
‘«¢ gems may be probably derived. | 
“© SECONDLY, as for the opacous gems, 
‘¢ and other medical ftones, as blood-ftones, 
“¢ jafpers, magnets, emery, &c. he efteems 
them to have, for the moft part, been earth 
(perhaps in fome cafes very much diluted 
and foft) impregnated with the more copious 
proportion of fine meta!line or other mine- 
“¢ ral juices or particles, all which were after- 
‘© wards reduced into the form of ftone by the 
‘© fupervenience (or the exalted action) of 
fome already inexiftent petrefcent liquor, or 
‘¢ petrific f{pirit, which he fuppofeth may 
‘© fometimes afcend in the form of fteams ; 
‘© from whence may be probably deduced, 
not only divers of the medical virtues of 
fuch ftones, but fome of their other qualities, 
as colour, weight, &c. and alfo explained, 
<¢ how it may happen, what he hath (which 
“¢ he doubts not but others have done aliv; 
“© obferved of ftones of another kind, or mar- 
chafites, or even vegetable and animal fub- 
‘¢ ftances, that have been found inclofed in 
‘© folid {tones ; forafmuch as thefe fubfiances 
may eafily be conceived to have been lode- 
edin theearth, whuilft it was but mineral 
earth or mud, and afterwards to have been, 
as it were, cafed up by the fupervenient 

petrific agents, that pervaded ir. 
“¢ Nor are tnefe petrefcent liquors the only 
ones, to which he fuppofes, thar many fof 
6s cne 


The 
c¢ fils may owe their origin, fince he thinks, 
“¢ there may be bath metallefcent and minera- 
‘¢ lefcent juices in the bowels of the earth, and 
“ that fometimes they, may there exift and ope- 
‘* rate under the fame {pirits and fteams.” 

_ So far the preface to that tranflation; which 


PREFAC EK. 


is here repeated, to do right to this noble au- 
thor, in the matter of the theory relating to the 
origin both of precious and other Stones, 
Which done, I fhall keep the curious reader 
no longer from the contentment, which he will 


doubtlefs find in the perufal of this effay. 


TT AT the fcarcity, the luftre, and 
- precioufnefs of gems have made them 
in all ages to be reckoned among the 
fineft and choiceft of nature’s productions, is 
generally granted. But whether ‘the books, 
that have been divulged of them, be anfwer- 
able to the noblenefs of the fubject, feems not 
to me fo unqueftionable. For, as for the ori- 
cin of gems; to fay with Ariftotle, towards the 
clofe of his third book of Meteors, that a dry 
exhalation, ned ava9upieoss, (whether) fiery or 
firing, (xwvpicx,) makes, among other foffils, 
the feveral kinds of unfufible ftones: or to tell 
us, according to the more received doctrine, 
that gems are made of earth and water finely 
incorporated and hardened by cold ; this, I fay, 
is to put us-off with too remote and indefinite 
generalities, and to found an explication upon 
principles, which are partly precarious, and 
partly infufficient, and perhaps alfo untrue. 
And as to the hiftory of gems, that has been 
fo fabuloufly delivered, that efpecially among 
the moderns, many learned men, philofophers 
and phyficians, have, for the fake of fo many 
improbable, and fometimes impoffible virtues, 
that have been afcribed to gems, been induced 
to deny them any virtues at all. It is true, 
that I am not altogether fo fevere, and that 
the efteem, that I find made by learned men 
of the inquifitive emperor Rudolfus’s phyfician 
Boetius de Boot, makes me difcriminate him 
and two or three modern authors, that in 
books profeffedly made on other fubjetts, 
have written incidentally of fome gems, from 
fuch notorioufly fabulous writers, as A4- 
zaldus, Albertus Magnus, (if his name be not 
injured by the imputation of a {purious book) 
Baptifta Porta, Kirannides.(and {ome others, 
that I forbear to name) from whofe learning 
one would expect more warinefs and judgment. 
But though, for reafons elfewhere mentioned, 
I do not unrefervedly think, that precious 
ftones, efpecially opacous ones, can have no 
medical virtues at all; yet when I confidered, 
how difficult it was to affign any thing, that is 

ofible and intelligible, (which I do not take 
f fabftantial form to be,) whence their virtues 
may probably be derived, without giving fome 
fuch account of the origin of gems them- 
felves, as was not to be expected from the 
followers of the peripatetick, that is, the re- 
ceived philofophy ; I could not but wifh, that 
fomething were attempted on that fubject 
according to the principles of the Corpufcu- 
Jarian. 


The PREFACE. 


Tuese things made me the lefs backward 
to comply with the curiofity of my friends, 
which put me upon the following difcourfe, 
wherein I was content to try, what, without 
ranfacking the authors, that had profeffedly 
written de Gemmis, the confideration of the 
fubject to be treated of, my natural propenfity 
to take notice of nature’s productions, and the 
trials whereto thefe confiderations and obferva- 
tions lead me, would fuggeft to my pen. 

WHETHER my conjectures and ratiocina- 
tions be as new to others, as to thofe I chiefly 
wrote for, it is not my part to determine: 
only I defigned to fuit my difcourfe to the 
phznomena of nature, without being foliici- 
tous, with whom I difagreed or complied. And 
therefore, though it fhould happen, that fome 
conjectures of mine fhould, unknown to me, 
be coincident with the opinion of fome claffic 
writer about gems ; yet I prefumié, the whole 
fubfequent hypothefis, and the arguments it is 
founded upon, will appear to have been fug- 
gefted to me by the nature of the thing icfelf, 
and my way of confidering it: not to men- 
tion, that fometimes one may meet with a 
good particular conjecture in an author, that 
underftands not the importance of, ir himfelf, 
and knows not how to make ufe of it, but 
builds it on fome fuch fabulous relation, or er- 
roneous principle, as 1s apt to difcredit it with 
wary readers, unlefs they be fuch, to whom 
its compliance with the opinions, they have on 
better grounds already entertained, happen: to 
recommend it. I know, it may be thought 
ftrange, that I have been fo very fparing in 
the citation of thofe authors, that have writ 
whole books about gems; but I have this to 
fay for myfelf, that I had neither them, nor 
fo much as my own papers about the origin 
of minerals at hand, when I writ the following 
effay. Which I was the lefs troubled at, upon © 
two diftin& accounts; the firft, becaufe I re- 
membered, that feveral paffages, that 1 had 


‘met with about the virtues of gems, cited out 


of divers of thofe authors, were fuch, as I 


fhould have much fcrupled to vouch; fome 


of them being fuch as I knew to be falfe ; 
others, that I fhrewdly fufpected not to be 
true ; and others, that appeared to me altoge- 
ther incredible: and the fecond, becaufe, to 


forbear tranfcribing what my friends might 


probably have met with in authors already, 
would beft comply, both with their defires, 
which was to know my particular thoughts ; 
and with my defign, which was partly to i 
now 
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how far I could make out thofe thoughts, by 
my own arguments and obfervations, affifted 
only by fome very few hiftorical paffages, that 
I lighted on in writers not claffic ; and partly, 
to take this occafion to profecute divers mat- 
ters of fact relating to the fubject I was treat- 
ing of, which probably would otherwife have 
been quite loft. And I doubted not, but if 
this firft draught of my conceptions were by 
my friends thought worthy of being inlarged, 
it would not be difficult for me, when I fhould 
come at my books and papers again, to inrich 
this traét with many hiftories borrowed from 
famous writers ; if that fhould be thought ne- 
ceffary by perfons, that were poffibly lefs diffi- 
dent of me than of them. {n fhort, I propofed 
this difcourfe but as a conjectural hypothefis, 
wherein I attempted to derive the ongin of 
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gems, and one of the main caufes, (I do not 
fay, the only caufe) of their qualities and vir- 
tues, from principles lefs remote, and more in- 
telligible than thofe of the peripateticks; and 
having delivered divers obfervations and expe- 
riments of my own about the phenomena of 
gems, to explicate fome of them by intelligi- 
ble principles, and illuftrate others by refem- 
bling things, that may be really obferved in 
nature, or eafily performed by art. Which 
way of handling my fubject permitted me to 
hope, that, whether or no I fhould be thought 
a lucky conjecturer about the fubject I at- 
tempted, I fhould, at leaft in fome meatfure, 
prove a benefactor to what is, perhaps, prefera- 
ble even to lucky conjectures themfelves, the 
natural and experimental hiftery of fuch neble 
fubjects as gems. 
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very difficult to propofe to you my 

conjecture about the caufes of the vir- 
tues of precious ftones ; yet I fear it will not 
be eafy for me to acquaint you fully with the 
grounds of it. For unlefs I fhould tranfcribe 
for you my whole difcourfe of the origin of 
minerals in general (of which you know ftones 
make a part) I cannot well lay before you all 
the confiderations, by which I have been in- 
duced to take up the conjecture or hypothefis 
I am about to propound: and confequently, I 
cannot well comply with your curiofity about 
gems, without either omitting feveral things, 
which might much countenance the following 
difcourfe, or propofing (without amply proving 
them,) fome things, that I confefs feem not 
clear, nor fome of them fo much as probable, 
by their own light. But fince you will have 
it fo; I will, rather than difobey you, prefent 
you in one difcourfe feveral things concerning 
gems, whereof fome belong to others of my 
little tracts about the origin of minerals from 
fluid, or at leaft foft bodies ; though fome tn- 
deed were more directly written concerning 


TT: OUGH it will not perchance prove 


gems: notwithftanding that they were deli- 
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vered not as an entire tract about that fubjedct, 
but as corollaries, that might be drawn from, 
and applications, that might be made of, what 
had been in a more general way difcourfed 
about the origination of {tones and other mi- 
nerals. And therefore prefuming, that you 
will fuppofe with me in this difcourfe fome 
few particulars, that, I think, I have elfewhere 
made probable, and might perhaps do fo from 
fome of the phanomena mentioned in this 
writing itfelf, I would immediately addrefs 
myfelf to the fubject of it, if I did not think 
a previous admonition very requifite. 

For, I muft, at the very entrance of this 
difcourfe, defire you to take notice, that when 
I propofe my conjectures about the virtues of 
gems, I do not fuppofe the truth of all, or fo 
much as the tenth part of thofe wonderful pro- 
perties, that men have been pleafed to afcribe 
to them. For not only fome- of the wniters 
of natural magick, but men of note, who 
fhould be more cautious and fober, have de- 
livered in their writings many things concern- 
ing gems, which are fo unfit to be credited, 
and fome of them perhaps fo impoffible to be 
true, that I hope the believers of them will, 
among the votaries to philofophy, be as great 


rarities, as gems themfelves are among {tones. 
And 


Sect. I. 


And thofe, that can admit fuch unlikely fables, 
will be as much defpifed by the judicious, as 
jewels can be prized by the rich. 

For my part, I never faw any great feats 
performed by thofe hard and coftly ftones, (as 
diamonds, rubies, faphires,) that are wont to 
be worn in rings. But yet, becaufe phyficians 
have for fo many ages thought fit to receive 
the fragments of precious {tones into fome of 
their moft celebrated cordial compofitions ; 
becaufe alfo divers eminent men of that pro- 
feffion, fome of them famous writers, and 
fome virtuofi of my own acquaintance, have, 
by their writings, or by word of mouth, in- 
formed me of very confiderable effects of fome 
gems, (efpecially cryftal,) upon their own par- 
ticular obfervations ; and laftly, becaufe, that 
(as I fhall fhew anon) I find no impoffibility, 
that at leaft fome coftly, and lefs hard, (though 
indeed more valuable) gems, may have con- 
fiderable operations upon human bodies, fome 
few of which I have had opportunity to be 
convinced of; I will not indifcriminately re- 
jeét all the medicinal virtues, that tradition and 
the writers about precious ftones have afcribed 
to thofe noble minerals ; contenting myfelf to 
declare in a word, that fufpecting moft of them 
to be fabulous, my conjectures aim only at 
giving one of the caufes of thofe virtues afcribed 
to gems, which experience warrants to be real 
and true. 

Havine thus explained in what fenfe my 
conjeéture about the virtues of precious {tones 
is to be underftood ; it follows, that I propofe 
the conjecture or hypothefis itfelf,; the tub- 
{tance of which may be comprized in thefe 
two particulars: firft, that many of thefe gems, 
and medical ftones, either were once fluid bo- 
dies, as the tranfparent ones ; or in part made 
up of fuch fubftances, as were once fluid: and 
fecondly, that many of the real virtues of fuch 
{tones may be probably derived from the mix- 
ture of metalline and other mineral fubftances, 
which (though unfufpectedly) are ufually in- 
corporated with them: and the greatnefs of 
the variety and efficacy of thofe virtues, may be 
attributed to fome happy concurrent circum- 
ftances of that commixture. The firft of thefe 
heads relates properly to the origin of gems. 
The fecond, partly to that, and partly to the 
kinds and degrees of their virtues. 

Bur that any gems, efpecially the hardeft 
forts of them, fhould have a later beginning, 
than that of the earth itfelf, will probably be 
thought to relifh of a paradox; and I doubt 
not, it will pafs with many for a great one, 
that fome of thefe hardeft of folid bodies 
fhould have been once fluid ones, or liquors: 
wherefore I fhall endeavour to countenance 
this hypothefis by the following confidera- 
tions. 

1, AND firft the diaphaneity of diamonds, 
rubies, faphires, and many other gems, agrees 
very well with this conjecture, and thereby 
feems to favour it. For it ts not fo likely, 
that bodies, that were never fluid, fhould have 
that arrangement of their conftituent parts, 
that is requifite to tranfparency, as thofe that 
were once in a liquid form, during which it 
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was eafy for the beams of light to make them- 
{elves paffages every way, and dilpofe the fo- 
lid corpuicles after the manner requifite to the 
the conftitution of a tranfoarent body. ‘Phere- 
fore we fee, that filver in aqua fortis, or lead 
in fpirit of vineger, having by that fulution 
had their particles reduced into a fluid form, 
thofe particles, though before opacous, are fo 
difpofed of, as to make, not only a diaphanous 
folution, but, if one pleafes, tranfparent cry- 
ftals, And what chemifts ufually try with 
thofe metals, I have had the curiofity to. try 
with feveral ftones, which I may hereafter 
have occafion to name to you. But this argu- 


ment I bring rather to confirm than evince 


my conjecture. 

SECONDLY, the origin affioned to gems 
may be alfo countenanced by the external figu- 
ration of divers of them. For we plainly iee, 
that the corpufcles of nitre, allom, vitriol, and 
even common falt, being fuffered to coagulate 
in the liquors they fwam in before, will con- 
vene into cryftals of curious and determinate 
fhapes. And the like I have tried in feveral 
metalline bodies diffolved in feveral men- 
{truums. But unlefs a concreting ftone, or o- 
ther like body, be either furrounded with, or in 
good part contiguous to a fluid, it is not eafy 
to conceive, how it fhould acquire a curious an- 
gular and determinate fhape. For concrefcent 
bodies, as I may fo fpeak, if they have not 
room enough in an ambient fluid for the moft 
congruous ranging of their parts, cannot caft 
themfelves into fine and regular fhapes, fuch as 
I fhall prefently fhow, that divers gems feems 
to affect ; but the matter they confift of muft 
conform to the figures of the cavity, that con- 
tains it, and which 1n this cafe has not fo much 
the nature of a womb, as of a mold. And 
fo we fee, that falt-petre, and divers other 
falts, if the water, they were diffolved in, be 
much too far boiled away before they are fuf- 
fered to fhoot, will, if the liquor fill the glafs, 
fometimes coagulate into a mafs, fafhioned 
like the infide of the containing veffel, or if 
a pretty quantity of liquor remains after the 
coagulation, that part of the nitrous mafs, that 
was reduced to be concreted next the glafs, 
will have the fhape of the internal furface of it, 
whatever that be; but thofe cryftals, that are 
contiguous to the remaining liquor, having a 
fluid ambient to fhoot in, will have thofe parts 
of their bodies, that are contiguous to the 
liquor, curioufly formed into fuch prifmatical 
fhapes as are proper to nitre. 

To apply this now to gems; that divers 
kinds of them have geometrical and determi- 
nate fhapes, though it be not vulgarly obferved, 
becaufe we are wont to fee them when they 
are cut, if not alfo fet in rings and jewels; yet 
I have often had the opportunity to take notice 
of it, by having had the curiofity to look upon 
many of them rough as nature has produced 
them, and the good fortune to take divers of 
them out of their wombs. For I remember, 
I have taken a good number of Indian gra- 
nats out of a lump of heterogeneous matter, 
whole diftinct cavities, like fo many cells, con- 
tained itones, on fome of whofe furfaces you 
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sight {ee triangles, parallelograms, &c. And 
being once near the rock, whence thofe ftones 
are chichy fetched, that are commonly called 
Briftol-ftones, I remember, I rid thither and 
procured a workman or two to dig me up a 
number of them, divers of which I found to 
be curioufly and determinately fhaped, much 
like fome cryftals of nitre, that I have taken 
pleafure to compare with them. And the like 
neuration I have alfo obferved in divers Cor- 
nifh diamonds, and ina fair and large one, 
which one, that knew not whatit was, found 
growing, with many leffer, in Ireland, and 
prefented me. And to let you fee, that it is 
not only in thefe fofter gems, that this curious 
figuration is to be met with, I fhall add, that 
I tound among many ftones I had, and took to 
be rubies (and thole the jewellers will tell you 
are excceding hard) a confiderable number, 
whofe fhapes, though not the fame with thofe 
of the ‘ ornifh and Irifh ftones, were yet fine 
and geometrical. And the like I have obfer- 
ved even in thofe hardeft of bodies, diamonds 
themfelves ; of which remembering, that in 
my collection of minerals, I had a pretty large 
one, that was rough, I perceived, that the fur- 
face of it confifted of feveral triangular planes, 
which were not exactly flat, but had, as it were, 
fmaller triangles within them, that for the moft 
part met ata point, and did feem to conftitute, 
asit were, a very obtufe folid angle : encou- 
raged by this, I examined feveral other rough 
diamonds, and found the moft of them to 
have angular and determinate fhapes, not un- 
like that newly mentioned. And having there- 
upon confulted an expert jeweller, that was al- 
fo atraveller, though he could not name to 
me the fhapes of the uncut diamonds, he had 
met with ; yct he told me, he generally found 
them to be fhaped like that I fhewed him ; 
infomuch, that fuch a fhape was a mark, by 
which he ufually judged a ftone to be a right 
diamond, if he hadnotthe opportunity to exa- 
mine it by the hardnefs. 

Awp this J fhall add in favour of the com- 
parifon, I lately intimated betwixt the coagu- 
lation of petre and that of gems, that having 
once made an odd menftruum, wherein I was 
able to diflolve fome precious ftones, there 
fhot in the liquor, cryftals pretty large, and fo 
tranfparent and well fhaped, that they might 
well have paffed for cryftals of nitre; and yct, 
if I much mifremember not, they were infipid. 
And I have divers times taken notice in fuch 
ftones, as the Brifto] diamonds, that though 
that part, which may be looked upon as 
the upper part of the ftone, were curioufly 
fhaped, having fix {mooth fides, which at 
the top were, as it were, cut off floping, fo 
as to make fix triangles, that terminated like 
thofe of a pyramid in a vertex ; yet that, which 
may be looked upcn as the root or lower part 
of the ftone, was much leds tranfparent (if not 
opacous) and devoid of any figuration ; of 
which the reafon feems to be, that this being 
the part whereby the ftone adhered to its 
womb, it was fullied by the muddinefs of it, 
and reduced to conform it felf to whatever 
fhape the contiguous part of the cavity chanced 


to be of ; whereas the upper part of the ftone 
was not only formed of the clearer part of the 
Japidefcent juice before the waterith vehicle was 
exhaled, but had rcom and opportunity to fhoot 
into the curious figure belonging to its nature. 
And this is much more conipicuous, where 
many of thefe cryftals grow, as it were, in 
clufters out of one mineral cake or lump ; as I 
have feen not only in thofe foft, but yet trani- 
parent concretions, which fome of the later 
mineralifts (for the ancients feem {carce to have 
known them) call fluores, and particularly ina 
very fine nuneral lump, that I had once the 
honour to have fhewed ime by a great prince, 
and no lefs great a virtuofo, to whom it was 
then newly prefented. For this mafs confitted 
of two flat parallel cakes, that feem compoted 
of a dirty kind of cryftalline fubftance, and 
out of each cake there grew, towards the other, 
a great number of ftones, fome of which, by 
their cohefion, kept the two cakes together ; 
and moft of thefe ftones, having each of them 
a little void {pace about it, wherein it had room 
to fhoot regularly, were geometrically fhaped, 
and, which looked very prettily, were colour- 
ed like a German amethiit. And I have my 
felf a pretty large ftone, taken up here in Exg- 
land by a gentleman of my acquaintance, 
which confifts, as it were, of four parts; the 
lowermoft is a thin and broad flake of coarfe 
ftone, only adorned here and there with very 
minute gliftering particles, as if they were, (as 
probably they may be) of a metalline nature ; 
over this is fpread another thin white, but o- 
pacous, bed, which is fo inclofed between the 
firft named bed, and the two others, that, with- 
out defacing theftone, [cannot well examine it: 
the third confifts of a congeries of minute 
cryftals exceedingly thick fet, which therefore 
look whitifh, having little or no tincture of 
theirown ; and this part, no more than ei- 
ther of the former, is not much thicker than 
a barley-corn. The fourth and uppermoft 
part, which, yet feems in great part to be the 
fame cryftals, which, as they grow higher 
and fpread, acquire a deeper colour, 1s made 
up of a great number of amethifts, fome 
paler, and fome highly tinéted, which are of 
very differing figures, and bigneffes, according 
(as one may guefs) as they had conveniency to 
fhoot ; thefe at one end of the ftone lying ina 
flat bed, as it were, and fcarce exceeding a 
barley corn in length ; whereas thofe at the o- 
ther end fhoot up to a good height into figured 
cryftals, fome of them as big as the top of my 
little finger, and thofe are the moft deeply co- 
loured, being alfo of a good hardnefs, fince I 
found, that they would eafily grave lines upon 
olafs. 

I remember alfo, that going to vifita fa- 
mous quarry, that was not very far from a 
fpring, which had fomewhat of a petrefcent 
faculty in it, I caufed divers folid pieces of 
rough and opacous ftones to be broken, out of 
hope I had to find in them fome finer juice co- 
agulated into fome finer fubftances ; and ac- 
cordingly I found, that in divers places, the 
folid and maffy {tone had cavities in it, within 
which, all about the fides, there grew concre- 
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tions, which by being tranfparent, like cryftals, 
and very curioufly fhaped, feemed to have 
been fome finer lapidefcent juice, that by a 
kind of percolation through the fubftance, that 
grofier {tcne was made of, had at length ar- 
rived at thofe cavities, and upon the evapora- 
tion of the fuperfluous and aqueous parts, or by 
their being foaked up by the neighbouring 
ftone, had opportunity to fhoot into thefe fine 
cryftals, which were fo numerous, as quite to 
overlay the fides of the cavities, as I can fhew 
youin fome large clufters of them, that I brought 
from thence. And enquiring of an ancient 
digger, whether he had not fometimes met 
with greater quantity of them? he told me, 
that he had, and prefented me a great lump or 
mafs made up of a numerous congeries of 
foft cryftals, (but nothing fo colourlefs as thefe 
other newly mentioned) fticking to one ano- 
ther, but not any of them to’ any part of the 
rock: fo that they feemed to have been hatftily 


coagulated in fome cleft or cavity, as it were in ~ 


a mold, where meeting and mingling before 
concretién, with fome loofe particles of clay, 
the mafs may thereby be difcoloured. 

Ovr argument, drawn from the figuration 
of tranfparent {tones, may be much ftrengthen- 
ed by the coalition I have fometimes obferved 
‘of two or more of fuch ftones, and the con- 
gruity inthefhape of fomeof them tothe figures 
of thofe parts of the others, that were conti- 
guousto them, and feemed to havebeen formed 
after them. But though this phznomienon be 
confiderable to the fcope of my difcourfe, yet 
perceiving, that I fhall have occafion to infift 
on it hereafter, I fhall not do it now. 

THIRDLY, nor ts it only the external fi- 
guration of thefe gems, but the internal tex- 
ture, that favours our hypothefis, fome of 
them feeming much to imitate in their coagu- 
lation feveral of thofe fubftances, which I have 
obferved to have once been fluid. That com- 
mon falt may be made up of {mall faline par- 
ticles, that by a convenient juxta-pofition may 
be affociated into great lumps, divers of which 
are cubically fhaped, is an obfervation eafy 
enough to be made. And that fuch coalitions 
of particles may conftitute folid and confidera- 
bly hard bodies, I have tried by breaking fome 
of the larger cubes of fal gem, and the lumps 
of the ifle of Mayo falt, whereof the firft is 
fomil, the other marine, and both natural. 
I have likewife found by trial, that, though 
filver diffolved in aqua fortis appears ufually 
to fhoot, if it be taken notice of, into flat 
and exceeding thin flakes; yet it 1s very pof- 
fible fo to order the coagulation, that many 
of thefe thin plates fhall, in their convention, 
have their flat fides fo placed over one another, 
as to make up pretty large and thick cryftals, 
whofe very outfides will be finely fhaped, as 
being fome peculiar kind of vitriol. Nor are 
thefe the only fluid bodies, which [ have re- 
duced to coagulate into conventions, of fuch a 
flaky texture; wherefore I began to fufpect, 

that divers tranfparent minerals may have the 
jike ; and infome diaphanous kinds of talk, 
whole outfides were mathematically figured, 
I found encouragement to try, whether even 
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fome gems themfelves, notwithfanding tie: 
hardnefs, might not have fuch an internal fiou- 
ration. Nor was I deterred by confidering, 
that it is taken for granted, that gums are of 
an uniform texture, and that there muft be a 
ftrange thinnefs inthe plates, that make up 
traniparent ftones, fince no fuch thing has 
been noted by the moft curious eye, bur men 
have taken it for granted, that the texture of 
all gems is uniform, without any grain or 
fibres, no more than there is in gold. But as 
to the thinnefs of the plates, 1 remember, I 
have feveral times taken pleafure to held a 
piece of good Mufcovia glafs againit the ight, 
when it was of fuch a thinnefs, that the {nec- 
tators, though provoked to look with curious 
eyes, could fcarce fee the plate itfelf, and 
would by no means be brought to think, that 
it was poflible to fplit it, till I did a€tually do it; 
and fometimes I then fubdivided it beyond 
even my own expectation. But to examine 
this conjecture, I took fome ftones, that had 
geometrical figures on part of their furfaces, 
and which Uhad other grounds to think to have 
been once fluid fubftances, ai.d having diligent- 
ly furveyed fome of them, which feemec like- 
heft to give me fatisfaction, 1 manifeftly enough 
perceived, not only with my affifted, but with 
my naked eyes, divers parallel commiffures, 
which feemed plainly to be made by the con- 
tiguous edges of little thin plates of {tone, that 
appeared to lie one over another, almoft like 

the leaves of a book, that is a little opened. 
Tremember, that holding a large and rough 
erizolette (as artificers call hard gems, of a 
blueifh colour, brought them from Eaft- India, ) 
againft the light, and curioufly obferving it, I 
have fometimes difcerned a grain, as they call 
it, in the ftone, and was anfwered by a {kilful 
artift, that ufed to make fealsof them, that 
fuch {tones would ufually {plit, according to 
the ductus of their grain. I will not urge, that 
in fome other precious ftones, that were cut 
and polifhed, as particularly the hyacinth, and 
even the faphire, by obverting them feveral 
ways tothe light, I have been able to obferve, as it 
were, commiffures, which were fo fine, as not 
to hinder, or call in queftion, the intirenefs of 
the ftone, for the lapidary’s purpofe. This, I 
fay, | forbear infifting on, becaufe the pheno- 
menon 1s far lefs confiderable, than what I 
have feveral times obferved in New-Enclith 
granats, wherein, efpecially when they are 
broken, the edges and commiffures of the thin 
plates or flakes, whereof they confifted, were ve- 
ry eafily difcernable. And to try, whether this 
obfervation would hold even in the hardeft 
ftones, I had recourfe toa pretty big diamond 
unwrought, which being placed in a mifcro- 
{cope, fhewed me the commiffures of the 
flakes I looked for, whofe edges were not fo 
exactly difpofed into a plain, but that fome of 
them were fenfibly extant like little ridges, but 
broad at the top above the level of the reft. 
And thefe parallel flakes together with their 
commiffures, J could in a fomewhat large dia- 
mond plainly enough difcern even with my 
unafiifted eyes. And for further fatistaction, 
I went to a couple of perfons, whereof the one 
was 
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c.anead yoweller, and the other an ar- 
“iele trade was to cut and polith dia- 
and they both affured me upon their 
repeat. and conftant cxperience, and as a 
known thing tn their art, that it was almott 
impollible, ‘though not to break, yet) to dphe 
diamonds, or cleave them {moothly crofs the 
crain, if I may fo fpeak, but not very difficult 
to do it at one ftroke with a {tccled tool, when 
once they had found out from what part of 
the ftone, and towards what part the {plitring 
inttrument was to be impelled: by which it is 
evident, that diamonds themiclyes have a 
erain, or a Haky contexture, not unlike the 
fillility, as the fchools call it, in wood ; which 
you will cafily grant co confift of affimilated 
water or juices; which having been once Huid 
bodies, were fit to have their particles fo ranged 
or difpoicd, as to conftitute a body far more 
ealy to be cleft according to the ductus of the 
fibres, or planes, than otherwife. And I re- 
member, that having, as I thougnt, okferved in 
a rough diamond, which I purpoiely examined, 
that the flakes, whofe edges were terminated in 
one plain, were far enough from being parallel 
to thole, whole edges compofed another plain, (I 
{peak of phyfical planes of the fame ftone, ) Iima- 
gined, that if this diamond were to be cleft, it 
would not be {moothly fpht into two pieces, be- 
caufe the commiffures did brobably make angles 
in the bocly of fhe ftone ; and accordingly I 
learned of the ancienteft of thefe diamond cut- 
ters, that fometimes he met with ftones, that 
eluciedall his fill, and would by no means be 
fplit ike others into two parts, but, before they 
were cleft quite through, would break in 
pieces ; which was a defect in the ftone he 
couid not certainly forefee, but was fain to 
learn from the unwelcome event. 
FourRTHLY, it feems not unprobable, that 
the colours of divers gems, (for I do not fay 
of all,) are adventitious, and were imparted to 
them, either by fome coloured mineral juice, 
or fome tinging mineral exhalation, whilft the 
gem or medical {tone was either in folutis prin- 
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| cipiis, or of a texture open enough to be pe- 


netrable by mineral fumes. Which argument’s 
confiderablenefs makes me hold it unfit to be 
lightly touched in this place; though I can- 
not difcourfe any thing fully of it in few words, 
becaufe it not only fuggefts divers obfervations 
and other particulars, but requires alfo the men- 
tion of jome of the chief of them; which 
therefore I fhall now fubjoin. 

1. Ano the firft fhall be, that many gems, 
not to fay almott all of them, have been ob- 
ferved to be deprived of their colour, if hav- 
ing fallen, or been put into the fire they have 
lain too long there; infomuch, that I have 
found it afhrmed uron the teftimony of the 
learned and experienced Boetius de Boot, that 
all gems will lofe their colour in the fire, ex- 
cept Bohemian granats. How far this may be 
true, I have not had opportunity thoroughly to 
examine. But I well remember, that having 
porpoilely expofed divers gems to the fire, 
though that were but moderate, and had a 
crucible interpofed between it and them, fome 
of chem ieemed to have their tinéture much 
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impaired, and others quite deftroyed. But I 
mutt be fo free as to admonilh you, that if 
thefe trials be not warily mace, they may cafi- 
ly impote upon us; elpecially if we do not 
confider the nature and caufe of whiteneis. 
For any diaphanous body, as far as I have yet 
obferved, being divided into a multitude of 
very minute parts, and conicquently acquiring 
a multitude of diftinct fuperficies, which do 
brifkly reflect the light every way outwards, 
will appear to have a white colour, that will be 
more or lefs vivid, as the particles are more or. 
lefs numerous, minute, and otherwife fitted to 
icatter the incident beams of light; as you 
may fee by reducing to powder fine Venice- 
glafs, which will be white; and even red ink, 
if fo fhaken or beaten as to be brought to a 
froth, confifting of many minute bubbles, will 
feem to have put on a whitenefs. So, that if 
by too hafty an ignition, or too hafty a cool- 
ing of the fired gems, they come to be flawed 
with innumerable little cracks, they may be 
thought to be made white, by having their 
tincture driven away, when their whitenefs 
really proceeds from the multitude of thofe 
little flaws which are fingly unperceived; and 
the rather, becaufe the body may itil] retain its 
former fhape or feeming intirenefs. To illuf- 
trate which, I have fometimes taken pleature 
to heat a piece of cryftal red hot ina crucible, 
and then quench it in cold water; for even 
when the parts did not fly or fall afunder, but 
the body retained its former fhape, the mul- 
titude of little cracks, that were by this opera- 
tion produced in it, made it quite lofe its 
tranfparency, and appear a white body. In 
making which experiment, the multitude of 
produced flaws may be pretty well difcovered 
to the incredulous, if, as I have fometimes 
done, the ignited cryftal be warily and dex- 
troufly quenched not in water, but in a very 
deep folution of cochineel made with fpirit of 
wine, in which operation, if it be well per- 
formed, but not otherwife, enough of the red 
particles of the folution will get into the 
cracks of the cryftal, to give it a pleafing colour. 

Tue other trials, thatI have made about 


the reducing of whitenefs or palenefs in bodies, 3 


either traniparent, or even femi-diaphanous on- 
ly, belonging to another paper, I {hall here 
forbear to mention them, having already faid 
enough for my prefent purpofe, which is not 
fo much to affirm pofitively, that no proof at 
all can be drawn from the operation of fire 
upon the colour of gems, as to make you cau- 
tious, what proofs drawn from thence you 
admit. 

2. WHEREFORE declining to fay any thing 
more about the firit, I fhall now proceed to 
the next circumftance, that belongs to our ar- 
gument, (which you may think to be more 
confiderable than the former) namely, that the 
colours of feveral gems, when they are not de- 
{troyed by fire, will be altered thereby ; which 
being a thing, that happens to divers foffil pig- 
ments (of which fome J employ to tinge glats; 
and other bodies conieffedly mineral, argues a 
commixture of mineral fubftances in thole 
{tones, whofe colour receives fome of the alte- 
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rations] ipeak of : which laft words I add, be- 
caufe I would not impofe upon you, by con- 
ccaling, that there may be a great change of 
colour, produced by the fire, without any altera- 
tion of the tinging parts as fuch. For by flaw- 
ing the heated gem in very many parts, a de- 
sree of whitencfs or palenefs emerging there- 
upon may fomewhat change the former co- 
lour. But this alteration being but a kind of 
dilution, is not that, which I here mean. For 
I remember, I have taken Indian granats, and 
having in a crucible expofed them to the fire, I 
found they had exchanged their reddifh colour 
for a dark and dirty one, like that of iron, that 
has been Jong kept in the air. And having 
taken fome pieces of agate prettily enough 
adorned with waves of differing colours, and 
kept them a competent time (for they fhould 
not be kept too.long) in the fire, I found, as 
I conjectured, that the greateft part of the a- 
gate feemed to be deprived of its tincture, be- 
ing reduced to a pleafant whitenefs. But in 
fome places, where there were ftains of a dif- 
ferent kind from the reft, and where there ran 
little veins, that I guefs to be of a metalline na- 
ture, there, I fay, the colour was not deftroyed, 
but changed, and the veins of pigment, thus 
coloured, acquired a deep rednefs, which they 
will retain, if let alone; though I was induced 
to think by fome trials made on other pieces 
of Indian agate, that even thefe metalline 
tinctures were not fo fixed, but, that a laftinger 
fire would drive them away, and leave the 
ftones purely white. Such a change of colour, 
as I lately mentioned in the veins of agate, is 
likewife found in thofe of fome other ftones, 
as alfo in fome pebbles, amongft divers of 
which, that loft only their tranfparency by ig- 
nition and extinction in water, one or two ac- 
quired fo much deeper a colour, than it had be- 
fore, that I thought it remarkable. 

3g. ANOTHER circumftance, that feems to 
favour our conjecture, may be this, that it has 
been obferved not unfrequently, that near ma- 
ny of the places, where coloured gems are 
found, fome mines or veins of metals are to 
be met with. And I think it not unlikely, 
that if fearch were fkilfully made, many more 
difcoveries would be made of veins either of 
metalline ore, or fome other mineral, liquid or 
concreted, whence, by way of juices or fumes, 
the gems may be prefumed to have received 
tinctures. But ufually, where precious {tones 
are found, men’s induftry and cuntofity is too 
much confined to thofe rich minerals, and does 
not make them folicitous to look after inferior 
ones. Befides that in Laft-India, whofe 
countries are beft for the moft gems, they are 
wonderfully unfkilful at digging mines; as I 
have gathered from the anfwers of fome, who 
purpoiely went to vifit the diamond mines, as 
they call them. To this may be alfo referred, 
that gems are feveral umes found in the me- 
talline veins themfelves, or very near them ; 
as I can fhew you divers amethyfts, that an in- 
genious gentleman of my acquaintance took 
himfelf out of a piece of ground abounding 


with the ores of iron and tin, the latter of 
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which was there plentiiully dug up. And in 
thofe colder countries, fuch as Germany and 
England, where hard gems are more unfre- 
quent, thofe foft ones, that mineralifts call 
fluores, are often to be found in,ornear metalline 
veins, fo finely tinéted by mineral juices, thar, 
Were it not for their foftnefs, they might pafs, 
at leaft among moft men, for emeralds, rubies, 
fapphires, &c. as I have been informed, not only 
by fome mineral writers of good credit, but alfoby 
eye witneffes, and partly by my own obfervation. 

4. THe fourth circumitance, which may be 
alledgedtothe fame purpofe with the three fore- 
going, is, that it feems poffible, from fome 
gems, by menftruums, to obtain tinctures, that 
feem rather extractions, than diffolutions, itriét- 
ly fo called. I will not urge tne chemical pro- 
ceffes, that may be met with in fome authors to 
this effect ; becaufe fome circumitances in the 
things, and in the writers, made me fo far fulpect 
thofe I could try, (and thofe, that required 
undifcovered menftruums, as they may be true, 
fo, for aught I know, they may not,) as to 
keep me from meddling with them. But I re- 
member, I once made a menftruum, (I fay 
once, becaufe its preparation is fo fubject to 
cafualty, that I have often failed init) which 
being poured upon well coloured granats, not 
only not calcined, but entire, was in no long 
time beautified witha high and lovely tincture, 
which was admired by very fkilful perfons, to 
whom I fhewed it, becaufe the menftrnuum was 
not more corrofive than white-wine ; and which 
yet I therefore took to be a genuine tin¢ture, 
partly becaufe it was drawn in the cold, part- 
ly becaufe the liquor would not tinge it felf by 
ftanding, if no body were put in it; and 
partly becaufe it drew a tincture from antimony 
of a very differing colour from this we {peak 
of. Norare granats the only gems, which I 
have made the liquor work on, in the cold. 

5- Tothefe four circumftances I fhall add 
this fifth, that fome gems, which. jewellers 
affirm, without fcruple, to berubtes, fapphires, 
&c. either are colourlefs, or have other colours, 
than thofe, that are wont to belong to them, 
That famous gold{mith Bexvenuto Cellini, in 
his little Italian tract of hisown profeffion, ad- 
monifhes his reader, that there are one kind 
of rubies, that are naturally white, (and not 
made fo by art) which he proves by the de- 
grees of hardnefs peculiar to rubies. And the 
fame author elfewhere tells us of beryls, to- 
pazes, and‘amethyfts, that are white. Andit 
feems, by what he fays not far from that place, 
that the Italian jewellers did not look upon the 
tin¢cturesof gems, as anything near fo effential 
to them, as they are commonly reputed, fince 
they reckon topazes and fapphires, whereof one 
is blue and the other yellow, but both extreme- 
ly hard in comparifon of other gems than dia- 
monds (and perhaps rubies,) to be of the fame 
fpeeies. The degree of hardnefs of rubies and 
fapphiresis oftentimes fo equal, that knewan ex- 
pert Englifh jeweller, who for that only reafon 
(for he knew not whence the difference of co- 
lour might proceed) took rubies and fapphires 
tobe of the fame kind of ftone. 
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Anpb that gems, referred by lapidarties to 
the fame kind, may be very differingly tinged, 
is atruth, whereof I have {een notable inftances 
in diamonds themfelves; which I therefore 
prefer to other inftances, becaufe the extreme 
hardnefs of diamonds is fuch, as keeps jewellers 
from miftaking any other ftone for a true dia- 
mond, if they are permitted to put them on 
their rapidly moved wheels employed to cut 
them. Now, of true diamonds I have feen 
tome, that were yellowifh ; others, that were 
more yellow ; and, among the reft, one that 
was lo perfectly yellow, that I at firft took it for 
a fair topaz, though it were a diamond valued 
at near three pound weight of gold. I have 
alio feen diamonds, and thofe rough, as they 
came directly out of the Judies, and were foon 
after bought by traders in diamonds for fuch, 
which were either blueifh or greenifh. And I 
particularly contemplated one ftone, which, 
if its fhape and other things had not convinced 
me of the contrary, was fo green, that I fhould 
have taken it for an emerald. 

I remember I had once occafion to buy a 
confiderable number of fmall rubies, divers of 
which were very curioufly fhaped ; andcoming 
to look upon the whole parcel more leifurely, 
than my hafte would permit me when I bought 
it, I found in a great number of other ftones, 
one, and but one, that was devoid of any 
colour; but in any other refpects was fo like 
the reft, as invited me to conclude, that it 
would have encreafed their number, but that 
it was coagulated and hardened before the mi- 
meral pigment had tinged it of the fame co- 
lour with the reft. In which guefs I was con- 
firmed, when, having met with a gentleman, 
who had been in the chief places of the Eaf- 
Indies, where rubies are found, and particularly 
at the river of Szam, or Pegu, near which he 
lived a good while, and where he frequently 
faw rubies taken out of the bottom of the 
water, and fometimes took them out himfelf ; 
I learned of him by enquiry, that he had there 
feen feveral ftones, each of which was partly 
a ruby, and partly colourlefs: and fometimes 
in the fame ftone, there would be two portions 
of one fort, and the third, though lying be- 
twixt them, of another; which has frequently 
obliged the jewellers confiderably to leffen the 
bulk of fuch ftones, by cutting off the un- 
tincted part. And, if my memory do not 
much deceive me, I faw, in a great and curious 
prince’s cabinet, among other rarities, a ring, 
in which was fet a {tone of a moderate bignels, 
whereof only one half, or thereabouts, was 
well tincted, the other being colourlefs. In 
gems, that are lefs precious, and not fo tran- 
{parent, efpscially in agats, and in opacous 
gems, I could eafily give a multitude of in- 
itances of the differingly tinéted parts of the 
Jame entire {tone. And I ufually wear in a 
ring a jimall fardonix, that was once a great 
prince’s, wherein there are three portions, one 
within another, the uppermoft black, the mid- 
dlemoft of a kind of chefnut colour, the other 
of a blue, almoft like a turquois; each of 
Which portions is exactly of a fine oval figure, 


and each of the two uttermo! is throughout 
of a very uniform breadth as well as colour, 
and exactly parallel cto the other. But it 
would not be here fo proper, as it will be here- 
after, to multiply inftances of opacous gems: 
wherefore (having mentioned only the iardo- 
nyx, becaufe it is not always opacous,) I fhall 
add concerning tranfparent ones, that jewel- 
lers reckon among fapphires not only that fort 
ofazure gems, which ulually pafs for fuch, but 
alfo another fort of ftones, becaufe of their 
fapphirine degree of hardnefs ; though for their 
want of tincture, they call them white fap- 
phires. 

6. Tue fixth and laft circumftance belong- 
ing to the foregoing argument or confideration 
is this, that fometimes one may find gems, 
that are partly tinéted and partly not; as if 
the tinging pigment mixing with one part of 
the matter; whereof the ftone confifted, whilft 
it was liquid or foft, were not copious enough 
to diffufe itfelf to the whole, nor to give an 
equally intenfe colour toall that portion, that it 
tinges. It istrue, that in fome cafes, the dif- 
fufion may be {topped by the petrefcent juices 
coagulating firft in another part than that, 
with which the tincture was mixed. And per- 
haps, in fome other cafes, the different colours 
may have belonged to differing portions of 
matter, coagulating upon or againft each other, 
at different times, yet fo as to feem one intire 
{tone ; as I may have hereafter occafion to de- 
clare. Yet fince, which foever of thefe expli- 
cations be admitted, it will, if it belong not 
to this place, at leaft, confirm our main hypo- 
thefis (of the origin of gems from fluid or foft 
materials, ) I fhaJl return to what I was faying 
about gems, partly tincted, and partly colour- 
lefs. And having only intimated upon the by, 
that in fome hard femidiaphanous ftones, Euro- 
pean and Eaft-Indian, I have obferved a very 
unequal and irregular diffufion of the tincture ; 
I fhall add to the things, that may be gathered 
in favour of the propofed conjecture from fome 
of the things before (as alfo fince) related, 
thefe two particulars : 

Tue one, that I have (as I think I elfe- 
where mentioned) feen in Jta/y, among rari- 
ties, a large piece of cryftal about the bignefs 
of my two fifts, whereof the pyramidal part 
was of a tranfparent green, the vertex being 
richly tinged like an emerald; but the further 
the colour {pread from the vertex, the fainter 
and paler it grew; fothat, before it came near 
the bafe, it was quite fpent, if I may fo {peak, 
leaving the bigger part of the {tone tranfpa- 
rent, but colourlefs, like ordinary cryftal. 
And by this, perhaps, we may explain an ex- 
preffion of Fofepbus Acofta, wherehe fays, that 
emeralds grow in {tones like unto cryftals ; and 
that he had feen them in the fame ftone fa- 
fhioned like a vein; and they feem, adds he, 
by little and little to thicken and refine. And 
in the fame place, this learned author has a 
memorable obfervation, that may confirm both 
what I have juft now related, and what we 
mentioned a little above, about colourleds 
gems: I have feen, fays he, fome, that were 
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half white and half green; others all white, 
and fome green and very perfect. And this 
is the firft particular I was to mention. 

Tue other is afforded me by the way I 
have ufed, and elfewhere defcribed, of giving 
to pieces of rock cryftal paffably good tinc- 
tures by mineral fumes. And fuppofing the 
thus coloured pieces to be as intire ftones, as the 
beholders have generally believed them, the 
inftance will be pertinent to our purpofe in 
fpite of an objection. For though the colours 
thus given are not wont to pervade them very 
deep, and have their penetration affifted by no 
faint degree of heat; yet it is to be confidered 
on the other fide, that thefe pieces of cryftal 
had attained their full hardnefs, and after their 
colouration, are cut and polifhed like other 
cryftals: whereas the gems, that our conjec- 
ture means, are fuppofed to have been tinged 
under ground, when they were yet fluid, orat 
leaft foft. That there are fometimes generated 
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capable of applying themfelves to the ftones 


fires, &€. they meet with there, I have, in another dif- 


courfe, fufficiently declared. That alfo fome 
hard and {tony fubftances have been actually 
tinged with fuch mineral fteams, I fhall, in 
the fubfequent part of this difcourfe, have oc- 
cafion to take notice. And I remember too, 
that even in fo hard a gem as a fapphire, I 
have obferved the efficacy of thefe fubterraneal 
fumes; having divers times feen one of thofe 
{tones, wherein a fine feal was cut, which con- 
tinued fo oddly tinged, notwith{tanding what 
had been taken off to reduce it to an exquifite 
fhape, that having inquired of a {kilful perfon 
of my acquaintance, by whom it had been 
engraven, he both affured me, that he had 
found it of the full hardnefs of afapphire, and 
confeffed to me, that the mineral fumes had 
fo oddly tinged it, that in his opinion, it 
might, by the looks, pafs rather for a Chal- 
cedonian, 

Anp now, Sir, I fear I may need your 
pardon, for having been fo prolix in difcourfing 
of one of the particulars belonging to our ar- 
sument; to excufe which, I have no other a- 
pology to make, but that I hope what hath 
been delivered will fcarce feem impertinent, 
and that I might eafily have made it more te- 
dious, if, to decline doing fo, I had not pur- 
pofely made fome omiffions. 

Havine then faid thus much about our 
fourth confideration, I proceed now toadd, in 
the fifth place, on the behalf of the hypothe- 
fis hitherto favoured, an argument, which | 
prefume you will not think inconfiderable ; 
namely, that folid gems may include heteroge- 
neous matter inthem. Several inftances of this 
fort, in opacous ftones, I elfewhere recite upon 
my own obfervation ; but in tranfparent ones 
they are very great rarities; and therefore it 
will not, I prefume,. be thought ftrange, if I 
mention but a few. | 

First then, on this occafion I remember, 
that a very ingenious and qualified lady, who 


had accompanied her hufband in an embaffy. 


to a great monarch, affured me, that fhe 


brought thence, among feveral rich prefents and things, of what I elfewhere recite my {elf to 
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other rarities, (fome whereof fhe fhewed me,) 
a piece of cryftal, in the midft of which there 
was a drop of water, which by its motion 
might be very eafily obferved, efpecially when 
the cryftal was made to change its pofture. 
And, if my memory deceive me not, I have, 
in fome pieces of rock-cryftal, taken notice of 
things, that feem to argue, that fomewhat or 
other was intercepted within the body of the 
{tone. : 

A curious perfon, that traded much, and 
was very {kilful, in Indian gems, particularly 
grizolettes, which he got from the [zdies, and 
whereof he fhewed me the largeft I have yet 
feen, being afked by me, whether he had ever 
found in them any heterogeneous fubftance, 
which fomething, I had obferved, made me 
fufpect, that fome of them might harbour, not- 
withftanding their hardnefs ; he averred to 
me, that among divers rough ones, that were 
brought from the Judes, he had with wonder 
feen one, that was about the bignefs of a phil- 
bert, in the folid fubftance whereof there was 
a cavity with a certain liquor init ; which, by 
changing the pofture of the ftone, might be 
made to move to and fro in the cavity : and 
when the drop was fettled, it was of the big- 
nefs of a round pearl, that he fhewed me, 
which wanted fomewhat of a moderate fize for 
a neck-lace. And when he had anfwered the 
queftions I propofed him, to clear my doubts, he 
added, that this rarity made the ftone, which 
was otherwife of a {mall value, prized at an 
hundred pound. And I have myfelf feen a 
monftrous gem, if I may fo call it, and little 
lefs a rarity then the former, that an acquain- 
tance of mine had bought, (as I afterwards 
learnt,) from this relator ; whofe narrative a- 
bout the grizolette I think the more credible; 
becaufe that having had the curiofity to break 
a ftone, that was brought asa rarity from the 
Eaft-Indies, where gems are often harboured 
in fuch ftones, I found in the folid fubftance of it 
(which was fo hardas to ftrike fire, like a flint, and 
in its little flakes was at leaft femi-diaphanous) a 
cavity, wherein were coagulated very minute 
but polifhed and cryftalline ftones, which 
feemed to have their points inwards ; which 
argued, that there had been fome liquor, in 
which thefegliftering particles had fhot, though 
in procefs of time the remaining and incoagu- 
lable part of it may have been imbibed by the 
ambient matter, if not have efcaped thorough 
it, by virtue of fome peculiar congruity of it 
with the pores of the ftone. Which need not 
be thoughtimpoffible, fince experience has af- 
fured us, that fome folid ftones, and even 
gems, may be, though flowly, penetrated, or 
have their texture altered by common water. 
Nor are thefe the only heterogeneous fubftances 
E found included in this ftone. 

Awp if, asamber is reckoned among gems, 
and is fometimes of a greater hardnefs, than 
one would expect, fo I could reckon it among 
true ftones, it were eafy for me to borrow 
thence a great confirmation of what I have 
been faying ; and, however, it willafford me an 
illuftration of it. For, not to mention many 
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have feen in amber, I have now by me a fine 
piece of clear and folid amber, (prefented me 
by a perfon no lefs extraordinary than it) in 
which is included a large intire fly, in fhape 
and fize much like a grafs-hopper, but variouf- 
ly and curioufly coloured, with his wings dif- 
played. 

To thefe obfervations I fhall add only this ; 
that I have had my felf, and fhewn to others, 
one of that fort of pale amethyfts, that fome 
call white amethyfts; which had been cut, to 
be fet in aring, or turned into a feal, and was, 
like that fort of gems, fo hard, that I could 
readily cut glafs with it; and yet in the bady 
of this {tone there appeared to be a confidera- 
ble number of things, that looked jyft as if they 
tad been hairs, fome of them lyjng parallel, 
and others inclining to one another; and hay- 
jng contemplated them, as well by day-light as 
candle-light, and in divers pofitions in refe- 
rence to the light and the eye, fome ef them 
feemed at times to be of a loyely reddifh co- 
lour, but refleéting the light, as if they were 
well filled -either with air or water: but for 
the moft part they did, as ] was faying, feem 
to be hairs of a brownifh colour, which made 
the {tone nat a little wondered at, even by cu- 
rious and fkilful men. I leaye you to judge, 
whether it will be ft here to add, that I have 
fometimes fufpefted, that even in diamonds 
themfelyes there may poffibly be found inter- 
cepted, or mingled with a pure lapidefcent 
fubftance, fome partigles ef heteragenepys mat- 
ter. .And that in this fufpicien I was fome- 
what confirmed, as by the add elouds I had 
obferved in an extragredinary diamond, and by 
fome hydroftatica], and other obfervations I 
made about thofe ftones, (fame of which I 
found heavier than either cryftal or white mar- 
ble 3) fo by my having purpefely demanded of 
an ancient cugter of diamonds ef great prac- 
tice and experience, whether he obferved not 
a fenfible difference of weight among diamands 
of the fame place: for to this he rephed, that 
he had, efpecially in thofe, that were eloudy- or 
foul; infomuch, that fhewing me a diamond, 
that feemed to me to be about the bignels of 
two ordinary peafe, or lefs, he affirmed, that 
he fametimes found in diamonds of that big- 
nefs abot a carrat (which is by commen 
eftimation four grains) difference in point of 
weight. . : 

SIXTHLY, the Jaft argument I fhall em- 
ploy to fhew, that the matter of divers gems 
may haye once been Auid, may be taken froma 
the proofs you will meet with (in the fgllow- 
ing part of this tract) of the fecond, member of 
our hypothefis. For if it fhall appear, that 
feveral even ef the tranfparent gems have me- 
_ talline or other extyanepug mineral bodies 
| mingled ‘with them, per minima, ig will be ve- 
ry. agre¢able to regfon, to fuppofe, that fuch a 
" mixture was made, when the mingled bodies 
were ig 4 fluid ‘form; fince, befide that one 
may well afk, how elf¢ the metalline corpufeles 
came to be gonyeyed into fuch compact and 
hard bodies as gems, it is very eafy to, con- 
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ceive, 1f our hypothefis be admitted, and ve- 
ry hard otherwife to apprehend, how among 
bodies, that differ tote genere, as metals and 
ftones, there fhould be made mixtures fo ex- 
quifite, as many of thefe appear to be, partly 
by the uniform coloration of the gem, and 
partly by the diaphaneity retained notwith- 
ftanding this difperfion of mineral pigments 
through the whole mafs; and in many in- 
ftances alfo by the curious Seuration, that we 
have lately been difcourfing of. 


POSTSCRIPT. 


To all the foregoing circumftences, I can 
now add fomething, that I met with, {ince { 
thought to conclude with the laft of them, and 
that tends highly to the confirmation of our 
hypothefis. Ina tract, that makes part of a 
{mall book frefhly publifhed in French, prin- 
cipally to acquaint men with the ways of efti- 
mating gems, according ta the rates of mo- 
dera jewellers, the anonymous, but curious au- 
thor, takes accefion, to give us, from the 
mouth, as he affirms, of the famous late tra- 
vellers he converfed with in divers places, and 
Whole relations are indeed the recentefit I have 
{een in print, an accgunt of the number, and 
names of the places, where diamonds and ru- 
bies are found in the Indies; adding fome 
circumftances and particularities about the qua- 
lities of the foil in thofe places, that I have 
notelfewhere met with. This author, then, 
{peaking of the firft of thofe three diamond. 
mines, which he makes to be the only ones 
in the Eaf-Ingies, having told us, that the 
ftones are there found, fome in the ground, 
and fome in the rock, fubjoins, that thofe 
that are drawn from the rock, or the -neigh- 
boyring parts, haye ordinarily a good water ; 
but for thofe, which are drawn aut of the 
cyound, their * water partakes of the colour 
or foil, wherein they are found. So that if 
the earth he clean and famewhat fandy, the 
diamonds will be af a goed water; but if it 
be fat or black, or of another colour, they 
will have fome tincture of it. Nay, he im- 
mediately annexes, that if there he fome 
black or red fand among the earth, the dia. 
mand will alfo have fome grain of it. And 
eHewhere mentiqning the fecand mine of dia- 
monds, which the natives call gems, he td- 
monifhes his reader, that in this, as in the 
mine of Vifapeur, which, is that formerly men- 
tioned, the fkomes partake of the quality of the 
foil, where they are found; fo that if that be 
hoggy or moift, the fone will incline to black. ’ 
nefs, and if it be reddifh, it will have an eye 
of that colour. Elfewhere he tells us, that of 
Jate years theye were found in the kingdom of 
Golcquda {tore of diamonds, which were brought 


to the Nababe, or firft minifter of ftate, who Page 18; 


forbad the making any further fearch after '?- 


them, finding not one in the whole number to _ 


have a good water, all of them being black or 


yellow. But by the way, whereas, this author Page 37: 


affiams it asa clear truth, that as gold is the 
heaviett 


* Que s'il y a quelque fable neir ou rouge parmi la terre, le Diamant auffien aura quelqu’un. P. 9. 
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heavieft and moft precious of metals, fo dia- 
monds are the hardeft, and heavieft of all 
ftones, he muft excufe me, if I declare, that 
what he afferts agrees not with my experience, 
who having tried the weight of an uncut dia- 
mond hydroftatically, have taken fuch a courle 
to eftimate its fpecifick gravity, as I find not. 
to have been yet taken by any other, and 
which you will eafily grant to be more exact 
than any other of the known ways can be. 

Tue argument, that hath detained us all 
this while, comprifed fo great a variety of 
matter, and may, I hope, perform fo great a 
part of my tafk in this difcourfe, that, though 
I fhall not much apologize for having dwelt 
fo long upon it, yet I fhall think my {elf ob- 
liged to make fome amends for my paft pro- 
lixity, by being fuccinct in the remaining part 
of this treatife ; and therefore, having left off 
with an intimated promife to fhew more fully, 
that divers gems contain metalline, or other mi- 
neral fubftances, in them; I fhould immediate- 
ly connect thofe arguments to what hath been 
lately faid, but that I think it altogether re- 
quifite, to make way for what is to follow, by 
firft taking notice of a main objection, that 
may be urged againft the do¢trine we have 
been propofing. 

Tuts is taken from the figuration of fome 
gems; and efpecially the prifmatical one of 
cryftal, and feems the more fit to be urged a- 
eainft us, becaufe we our felves have, in the 
fecond of the above-recited arguments, given 
feveral inftances of it, For it feems fcarce 
poffible, that fo curious a fhape fhould be fo 
uniformly produced in fuch a multitude of 
cryftals, great and fmall, unlefs there were fome 
feminal and plaftick power to fafhion the miat- 
ter after fo regular and geometrical a manner. 

Bur he, that fhall attentively confider, what 
I elfewhere fay concerning the figuration of 
falts, and of metalline and other magifteries 
diffotved by, and concoagulated with falts, 
tay be very much affifted to difcover the in- 
validity of this objection. But yet, becaufe I 
confefs it is very fpecious, if not important, I 
am. content here to confider it a little more 
particularly. _ 

To this plaufible objeétion then Fhave two 
or three things to. anfwer ; firft, that there 1s 
mo abfurdity to conceive, that, if there be a fe- 
minal and plaftick power in mineral bodies, it 
may be harboured m: liquid prineiples; a3 well 
as otherwhere. For we fee, that the feed of 
animals, which oftentimes, as in elephants, 
rhinocerofes; &c: produces hard and folid bones, 
teeth, and horhs, is at firft but a liquid fub- 
ftance; and the formative power in fome trees 
and their fruits does convert the alimental 
juice into woods, fhells, amd other bodies very 
folid and ponderous. | 

Bur fecondly, I elfewhere * thew, that e- 
ven im the figures of allom, vitriol, and other 
falts; that are fo curioufly and geometrically 
Shaped, there is no neceffity to fly toa diftinét 
architeCtonick principle ; but that thote bodies 
themfelves may receive their fhapes from the 
coalition of fuch fingly: invifible corpufeles, as 
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by the motion of the fluid, wherein they did 
{wim, and by divers affiftant circumftances, are 
determined to ftick together rather in that 
manner, than in another. That this may be 
applyed alfo to other bodies, I hall need to 
fhew in this place, by no other inftance than 
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that of the falt, that (in this or {cme other pa- 
per) I formerly told you I made of common’ 


falt, only by the help of oil of fulphur, or of 
vitriql and water. For though it be manifeft- 
ly a factitious body compounded of falt and 
fulphur, and fuch a body, that therein the fea- 
falt, whereof it was chiefly made; has had its 
own nature deftroyeds yet, by reafon of the 


figure of the refultant corpufcles, and their fit-- 


nefs to convene, whendiffolved in water; into 
curioufly fhaped bodies, this faétitious falt, 
when I have rightly prepared it, did fundry 
times {hoot into long cryftals with points like 
diamonds, that did emulate native cryftal as 
well in the regularnefs of the fhape, as in the 
tran{fparency of the fubftance. And to make 
it the more evident, that it was partly the fi- 
gure, that happened to refult from the opera- 
tion of the oil of vitriol upon the fea-falt, and 
partly other circumftances, that determined 
the fhape of the eryftals; I fhall add, that 
ufually, when the quality or proportion of the 
oil of vitriol was other than it fhould have been; 
or an error was committed in fome important 
circumftance or other of the operation, the 
faline concretions, though they did not fhoot 
at all like cubes, as the fea-falt, which they 
were made of, would alone have done; yet 
they did not fhoot any thing at all like rock- 
cryftal, as did thofe formerly mentioned ; and 
for all this did, by reafon of the curious fhapes 
of the corpufcles, they confifted of; fhoot in- 
to cryftals, for the moft part, finely figured 3 
though fometimes of one fhape, and fome- 
times of another. And that you may not have 
any fulpicion, as if the regular ficure, which 
fea-falt is naturally of, is any way neceflary to 
fuch figurations, I Will add an experiment, that 
I devifed to thew, that even out of a petref- 
cent juice fuch curioufly figured bodies may be 
made. I took then fome ftony ftirie, elfe- 
where mentioned to have been found in caves 
or grottos, where petrefcent liquors coagula- 
ted before they have time to fall down ; and 
and having diffolved them in fpirit of verdi- 
greafe, I put the clear folution to evaporate in 
a digeftive furnace, after the ordinary manner ; 
by which means, though I made the exper:- 
ment more than once; I had rather a coagula- 
ted mafs; than any thing like eryftals. Where- 
by you may learn the truth of what I was fay- 
ing, that a concourfe of divers circumftances 
may be requifite to determine the figuration of 
confiftent bodies, made out. of fluid ones 3 
fince here, for want of time for making occur- 
fions enough for the particles to concrete in af- 
ter the moft convenient manher, the experi- 
ment fucceeded not: wherefore it being agree- 
able to my notions, that fome forts of bodies 
may require a longer time to make fuch a con- 
vention in, than others, I allowed many days 
to another folution of {tiriz made in the fame 
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mentiwum ; after which there fhot, as I de- 
fired, zbouc the fid.s and bottom of the glafs 
+ numb-r cf diltinct cryttals, Jong, tranipa- 
rent, and curiouily fhaped, moift of which, I 
tninik, Tecan yet fhew you. 

Perwaps it will be faid, that the petrefcent 
iuicc, when broken, does oftentimes appear 
tc abound, within, with ftirie, or narrow 
fureaks like thofe of antimony; and that I my- 
iclf obferve fume gems to be made up of -thin 
Hakes or plates; which internal figuration 
feems to be much more difficult to be accounted 
for, without a plaftick form, than the external. 

I will not reply to this, that, for aught I 
know, divers known falts would, when broken, 
appear to be geometrically figured, even in the 
lefler corpufcles,as wellasthey are evidently foin 
their entire bulk, if we had eyes quick enough 
to difcern the fhapes of the minuter, as well as 
of the bigger bodies. And we have great in- 
ducements to think, that whether or no Carte- 
fius do rightly make the invifible particles, of 
which the {malleft vifible grains of fea-falt are 
made up, to be long and rigid like fticks ; the 
minute vifible concretions, of which the big- 
cer grains of falt confift, are, as well as them- 
telves, of a cubical figure ; I will not, I fay, in- 
fift on this reply, but proceed to alledge, that 
there are divers bodies fo luckily fhaped, that 
upon a flow ccalition, they will convene into a 
multitude of manifeft concretions; fome of 
which will confilt of ftreaks, and other be made 
up of flakes; as in the fal armoniack, com- 
monly fold in the fhops (for I fpeak not of the 
native, that is faid to come from Armenza,) 
though it be avowedly a faétitious body, you 
mv ofien obferve, upon breaking the bigger 
mailes, great multitudes of ftreaks, like thofe 
we may ufually obferve in the broken ftiria of 
petrifying water. And Ihave more than once 
jeen, and alfo made, artificial concretions (of 
whofe preparation I elfewhere fpeak) fome of 
which confifted of falts alone, and* others of 
{alts and minerals, as {tones or antimony, which 
look very like talk, being white bodies, made 
up of a multitude of very flender ftreaky par- 
ticles lying long-ways one upon another, as in 
that mineral. And as I have taken out of 
earth many concretions, which, as they were 
for the moft part outwardly fhaped like rhom- 
buffes or lozenges, were compofed of a mul- 
titude of flat and extremely thin plates; fol 
have fometimes taken pleafure to imitate fuch 
concretions by art. And though a folution of 
filver in purrified aqua fortis does ufually afford 
only a great company of {mall, thin, and feem- 
ingly fimple flakes, like fcales of fifh, becaufe 
men have not any defign like ours in procuring 
the concretion ; yet having diffolved a good 
quantity of the metal together, and fuffered it 
to fhoot leifurely, and with due circumftances, 
{ have obtained fundry cryftals, which both 
were geometrically figured without, and con- 
fitted of a multitude of exceeding thin flakes 
orderly fticking’ to one another. And I re- 
member, that whilft the objection, Iam an- 
fwering, was in my thoughts, I pitched upon 
a yet more pregnant experiment for the clear- 
ing ofit, For confidering how tin-glafs, though 
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a compact and ponderous body, does naturally 
confift of a multitude of fhining polifhed flakes, 
(which may be eafily perceived and diftinguith- 
ed by breaking a lump of it into three or four 
pieces ;) I found by trial what Texpected, that 
though a mafs of this mineral were beaten to 
powder, yetif it were melted and fuffered to 
cool of it felf, the difpofition of the compo- 
nent particles would determine them to ftick 
to one another in broad and fhining fakes, 
whereof many will be incumbent one upon an- 
other, and fome crofs to one another at various 
angles, according as the matter happened in its 
feveral portions to be diverfely refrigerated. 
And fome factitious: bodies may afford us the 
like inftances, as I have obferved in fome mix- 
tures of copper, iron, and other minerals; and 
very confpicuoufly in good regulus martis ftel- 
Jatus, whofe internal configuration may be 
found by breaking it; by which way I have 
obferved with pleafure, that the regulus, a- 
bounded with flat and fhining flakes of an al- 
moft {pecular polith. 

Ir it be urged, to confirm the former ob- 
jection, that fome lapidefcent juices, even of 
thofe we mentioned in thefe difcourfes, do con- 
crete, even whilftmen are looking on; and yet 
our {tony ftirize, often mentioned (which pro- 
bably may be alfo haftily coagulated) have in 
fome places a ftreaky, and in other places an 
angular configuration of parts ; I anfwer firft, 
that I have feen divers of that kind of concre- 
tions, which, as far as the eye took notice of, 
were made upof parts confufedly jumbled toge- 
ther. Andnext, that (to confider now thofe, 
whofe texture is more uniform) I have found 
by trials, that, if there be a due difpofition in 
the component corpufcles of bodies to fuch 
configurations, they may be brought to con- 
crete accordingly in a far fhorter time, than al- 
moft any, that have not tryed, would expect 
not to fay, believe. Having fometimes, for 
curiofity’s fake, warmed fix or feven ounces of 
aqua fortis, glutted with fine filver, ’till the 
mixture was all brought into a tranfparent li- 
quor; and having then put the clear, but 
{trong glafs, that contained it, into cold water, 
that the menftruum might be the more haftily 
refrigerated, I obferved, that when once the dif- 
folved metal began to fhoot, the coagulation in- 
to figured cryftals proceeded fo faft, thata naked 
eye could fee the progrefs of it. And having 
fometimes put a quantity of falt and fnow, 
or of fome other ftrongly refrigerating mix- 
ture, into a convenient glafs, and wetted the 
the outfide with a {trong folution of fal armo- 
niack, or fome urinous fpirit, though in lefs 
than a minute of an hour it would be coagula- 
ted; yet the falt, into which it fhot, had 
ufually a curious and determinate figure, accor- 
ding to the nature of the liquor, that afforded 
it; as I have often fhewn the curious. 

PERHAPs you will fay, that thefe inftances 
are taken from faline bodies, which are, for the 
moft part, difpofed to convene in fmooth fur- 
faces, and angular fhapes, and eafy enough to 
be wrought on by the external cold; and it 
may yet feem ftrange to philofophers them- 
felves, what in fome cafes muft have happened, 
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if our hypothefis be admitted, namely, that 
external cicumftances and accidents, fuch as rhe 
figure of a mold or womb, the coldnefs of the 
ambient, &c. fhould vifibly, and fometimes 
not a little, diverfify even the internal figura- 
tion of clofe and folid minerals and gems, 
without excluding all thofe, that are fuppofed 
to be of a quicker concretion. 

WHEREFORE to Clear this difficulty, it 
may not be amifs to fubjoin an experiment, 
that I devifed to fhew, that if the corpufcles 
of a body be fo fhaped, as to be fitted by their 
coalition, to conftitute fmooth (and if I may 
fo fpeak) gloffy planes, though they be va- 
rioully fhuffed and difcompofed, as to their 
priftine order, yet, if they be but a little kept 
in a ftate of fluidity, that they may the fitlier 
place themfelves, or be placed by other agents, 
they will prefently be brought to convene into 
{mooth and fhining planes, and the fituation 
of .thofe planes, in reference to one another, 
will be more uniform and regular, than almoft 
any one would expect in a concretion fo hattily 
made ; notwithftanding which, their internal 
contexture willbe much diverfified by circum- 
{tances, as particularly the figure of the veffel 
or mold, wherein the fluid matter concretes. 

ConsIDERING then, that, according to 
what I noted already, if we break tin-glafs 
(taken for the bifmuth of the ancient minera- 
lifts) as it 1s wont to be fold in lumps inthe 
fhops, it will difcovera great many {mooth 
and bright planes, larger, or leffer, according 
to the bignefs of the lump; which fometimes 
meet, and fometimes crofs one another at very 
differing angles: confidering this, I fay, E 
thought it probable, that a body, that had al- 
ready been melted, and was apt to convene in- 
to fuch planes, not only would do fo upon ano- 
ther fufion, but might have the order and big- 
nefs of thofe planes, diverfified by the figure 
and capacity of the veffel, I fhould think fir 
for my purpofe. .Wherefore having beaten a 
fufficient quantity of it.to powder, and, when 
it was well melted, caft it into a good pair of 
iron molds, whofe cavity was an inch in dia- 
meter, we had. a bullet, which being warily 
broken, did, as we expected, feem to be, as 
it were, made up of a multitude of little 
fhining planes, fo fhaped and placed, that 
they feemed orderly to decreafe more’and more, 
asthey were further and further removed from 
the fuperficies of the globe ; and they were 
fo ranked, that they feemed to confift of a 
multitude of thefe rows of planes reaching e- 
very way, almoft like fo many radius’s of a 
{phere from the center or middle part, to the 
circumference : whereas, if we melt tin-glafs 
ina crucible, and let it cool there, the matter 
being taken out and broken, will appear in- 
deed full of fmooth planes, but (as was lately 
intimated) very irregularly and confufedly af- 
fociated or placed. 

I will not now ftay to enquire, whether the 
orderly compolition of the planes in our bullet 
(which fome curious perfons, that I fhewed it 
to, looked on, as a not unpleafant fight,) may 
be derived from this, that the matter was 
cooled firft on the outfide, by the contact of 
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the cold iron mold, and the neighbourhood of 
the ambient air; and that the coagulation being 
once thus begun, the parts of the remaining 
fluid, as they happened to pafs by this already 
cooled matter, with a motion, which, by rea- 
fon of their removal from the fire, was now 
flackened, they were eafily faftened againft the 
already ftable parts, (as may be illuftrated by 
the concretion of diffolved nitre and allom, 
both about the injected fticks, and the grains, 
that firft concrete againft the fides of the veffel) 
and the refrigeration ftill reaching further in- 
wards, till it came laft of all to the middle of 
the globe, that being the remoteft part from 
the refrigerating agents ; the appofition was fuc- 
ceffively and orderly made, till the whole matter 
wasconcreted. But, (as Iwas faying) I muft not 
now ftay to inquire, whether the figuration of 
our bullet may be explained after this or fome 
fuch way ; or whether we are not to take in 
fome fubtle or pervading matter, or fome other 
catholick, agent ? For though fuch points may 
be well worth difcuffing, and we may poffibly 
elfewhere fay fomething of them ;_ yet here it 
may fuffice to fay, that we have varied the fore- 
going trial, by cafting bullets of fome other 
bodies, (and particularly the fimple regulus of 
antimony) wherein it fucceeded well enough, 
though the produced contexture were not fo 
uniform as in tin-glafs. And I alfo tried, that 
having caft melted fulphur itfelf intoa globulous 
body of about five or fix inches in diameter, 
and warily broken it, though one would think 
it an unlikely mineral to make any other, than 
a confufed concretion, it prefented me great 
fibres, almoft like little ftraws, whofe number, 
and, in great part, orderly fituation, afforded 
me a much lefs unfit inftance for my prefent 
purpofe, than one would have lightly expected. 
But what Icame from faying, may ferve to 
make out what I propounded to my felf ; which 
having named already, I need not here repeat. 
But one thing more there 1s, that may be 
pertinent on this occafion, namely, that I have 
broken divers marchafites of a peculiar fort, 
that were either of aroundifh, or of an almoft 
cylindrical figure, to obferve their internal 
ftructure and qualifications ; whereupon, I found . 
in more than one of them (for I remember 
not, that I didin all) a great many rows of lit- 
tle planes orgliftering corpufcles, reaching from 
the innermoft tothe external {urface, and in thofe, 
that were fomewhat cylindrically fhaped on the 
out-fide, thefe ranks of gold-coloured parti- 
cles in the feveral planes of. the broken mineral 
feemed like femi-diameters iffuing out from 4 
row of phyfical points, conceived to be placed 
on an imaginary line, lying almoft like the axis 
of a cylinder between the oppofite ends, 
(though I do not well remember, how. near it 
reached to them;) as if the cavities of the 
chalk orclay, wherein thefe marchafites were 
found, had made the foil like a mold, wherein 
the matter of the marchafite being detained, 
whilft it was ina fluid form, did afterwards 
concrete much after the manner, that the bul- 
lets of tin-glafs, regulus, &c, did in our 
molds. But the profecution of this conjecture 
belongs to another difcourfe. : 
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{ tha!ll therefore now proceed to a further 
anfwer to the formerly raifed objection: where- 
fore, as to the exquifite uniformity of fhape, 
which is fo admired in gems, and is thought to 
demonftrate their being formed by a feminal 
and geometrizing principle; though I have, in 
the fecond of the above-mentioned arguments, a{- 
cribed to them fuch curjous figures, asargue their 
having been generated after the way propofed 
in our hypothefis ; and though alfo I willingly 
allow their fhapes to deferve from us a delight- 
ful wonder atthe curioufnefs of nature’s, or ra- 
ther her author’s, workmanfhip ; yet, upon a 
more attentive furveying of them, I do not 
find the uniformity to be near fo great as 1s 
wont to be imagined ; but have rather met 
with fuch diverfities, as agree well with our hy- 
pothefis about their figuration. 

In feveral tranfparent gems, it feemed ma- 
nifeft enough to me, (as I Jately alfo noted) that 
the fhape was, in great part, due to the ficure of 
the womb, or mold, wherein the matter, 
whilft liquid or foft, happened to fettle. In 
fome other tranfparent and well figured gems 
of the fame kind or denomination, and fome- 
times growing very near one another, by a di- 
ligent infpection I found a manifeft and fome- 
times very confiderable difference in their 
fhapes, either as to the number, or the figures, 
or the bignefs of the fides or planes, that made 
up the refpective gems; or as to two, or all, 
of thefe; comparing thefe deviating particu- 
Jars with what would have been in a ftone of 
that kind or denomination, that were perfectly 
fioured. ‘This t had opportunity to take notice 
of, particularly in two forts of ftones ; the 
firft granats, of which I had a confiderable 
number brought me out of America growing 
in one lump of matter ; but in diftinét parts of 
it, and without touching one another : among 
which I took notice of a manifeft difparity of 
fhape, and foIdidin fome African ones, that 
were prefented me; as alfo in others, that 
were European, one of which, that was of an 

extraordinarily large fize fora figured gem of 
a tran{parent kind, (for it weighed above ele- 
ven drachms and a half,) J confidered witha 
particular attention, and found, that though it 
feemed to have been coagulated in a Auid me- 
dium, and to confift of twelve planes, at the 
concourfé of two or three of which it feemed 
to have been broken off from the womb or 
root ; yet it was very far from the dodecahe- 
dron of geometrictans. For, whereas that 
confifts of twelve equilateral and zequi- 
angled pentagons, almoft all the planes, that 
mace up our granat, were quadrilateral and ve- 
ry different from what regularly they fhould 
have been, not only in magnitude, but in 
fhape: for one of them feemed to have five 
fides, andof the reft, fome were moft of kin 
to a rhombus, others to a rhomboides ; but 
the molt were but little better figured, than 
thofe, that the geometricians call the trapezia. 
And thus much for the firft fort of gems, 
whofe fhapes I obferved to be not regular. 
The fecond confifts of thofe cryftalline ftones, 
which they call Cornifh diamonds, and which 
are fome of them much harder, than the 


Briftol diamonds, or perhaps, than rock cryftal 
it felf ; ic being ealy to write upon glafs with 
them. Of thefe ftones having procured a 
good number (many of which I have yet by. 
me) I took notice, by comparing them heed- 
fully together, that though fome of them were 
geometrically and curioufly fhaped like rock- 
cryftal, having each fix fides, whereof every 
two, that were oppofite, were throughly like 
and equal enough to one another ; and though the 
{tone had a pyramidal termination, made up of 
feveral refembling and curioufly figured planes, 
that terminated in a folid angle or apex; yet 
the greateft number, by much; of thefe titular 
diamonds was made up of ftones, far from be- 
ing fo exactly and uniformly fhaped, as thofe 
newly defcribed. For though moft of them 
had fix long planes; yet oftentimes the oppo- 
fite ones (befides that they were not fo parallel 
to one another, as they fhould have been) were 
unlike and exceeding unequal; and thofe 
planes, that were to make up the apex, though 
apart, they were ufually angular; yet being 
compared to one another, or to the regular 
patterns abovementioned, their figures, their 
bigneffes, and their manner ‘of concurring: 
(which was fometimes not in a point or apex, 
but in a line,) was fo remote from being uni- 
form, that this great diverfity and irregularity 
agreed far better with our hypothefis, than 
with its rival, And yet in thefe ftones, the 
want of room to coagulate freely in, could 
not with probability be pretended; for they 
feemed to have been formed feparately in a 
fluid ambient, fave at the bottom, where they 
were faftened to the rock, as appeared by an 
opacous root, if I may fo call it, which ftil 
adhered to moft of them. And, if I much 
mifremember not, I have more than once in 
diamonds, newly brought from the Indies; and 
fome of them very fair ones, obferved a great 
want of uniformity in the areas of the fuper- 
ficial planes, or in their figures, or both ; and 
fometimes too in thé very number, as well as 
fituation, of their folid angles or corners: about 
which I hope to recover fome notes. And fo 
I have done with the firft part of my anfwer 
to the abovementioned objection ; whereby it 
may appear, that there is no fuch regular and 
conftant uniformity in the fhapes of gems, but 
that their real likenefs may be reconciled to our 
hypothefis. | 
But now in the fecond part of ray .anfwer, 
J fhall endeavour to fhew, that the figuration 
of gems may not only confift with our conjec- 
tures, but confirm them. For I have, more 
thanonee, taken notice in the Cornith diamonds 
I have been mentioning, that fometimes a 
fmall ftone of the fame kind has made up, as 
it were, one body witha greater ; fo as that 
the leffer ftone did not only adhere clofely to 
the other; but was, if I may fo fpeak, fet or 
bedded init, So that when the feparation was 
made, there remained in thegreater ftone a ca- 
vity, whofe figure did curioufly anfwer that of 
as much of the fmaller ftone, as chanced to be 
harboured there. And, as fometimes I ob- 
ferved, that there was fuch an adnafcency, (if 
you will pardon the word,) of a leffer ftone to 
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a much greater; fo at other times, I met with {uch a number of carrats, or of grains, yet they 
the like of a greater to a much leffer, witha compare only the weight of this and that ftone of 
cavity in the leffer, anfwerable to that part of the fame kind in reference to one another, as the 
the greater, that had been lodged in it. Which, _ greater or leffer weight argues the greater or leffer 
for aught I know, allows us with high proba- bulk, without looking after, or knowing how 
bility to conjecture, that the ftone, to which _ to difcover the fpecifick gravity of feveral gems, 
the other grew, was firft formed and hardened; which depends not on the greater or Jeffer bulk , 
fince it retained its own fhape, and that, whilft as (if you know it not already ) you will gather 
this remained adherent to the rock or foil, fome from what Iam now going to relate. 
more liquor, either, that came afterwards by ConsIDERING then with my felf, that for. 
chance into the fame cavity, or (in cafe it were my purpofe, it was requifite to have a gem as 
there before,) that was lefs difpofed to an early free as I could get from the metalline mixtures, 
concretion, began to be coagulated by faftening that I fufpected many precious {tones to have ; 
itfelf againft the folid body, that was already and remembring, that rock-cryftal, as it is by 
concreted : upon which account thefe two dia- mineralifts reckoned among gems, fo it is hard 
monds mutt ftick clofe together, and yet be enough, as I tried, both to cut glafs, and to 
but contiguous, anda cavity, fuchasI frefhly  ftrike fire ; and that its having fo great a tran- 
mentioned, muft be left in the laft concreted fparency, and its being devoid of colour, makes 
gem, Which may be illuftrated by putting in- it exceeding likely to be free from adventitious 
to a ftrong folution of pure nitre, or rock-allum, mixtures; I pitch’d upon it as the ftandard, 
fome little fticks of wood or any folid body, whereby to make a probable eftimate of the 
that may be kept fteadily in the pofture ; for weight of gems; and having hydroftatically, 
you will fee many coagulations kegin to be and with a tender ballance examined the weight 
made againft them, and the cryftals thus con- of it, firft in the air, and then in water, [ 
creted will neceMarily have theirfiguresincom- found its weight to be to that of water, of equal 
plete, and have in them cavities correfpondent bulk, as two and almoft two thirds to one: 
to thofe parts of the ftick, whereto the faline which, by the way, fhews us, how groundlefsly 
corpufcles faftened themfeves. ‘To which I many learned men, as well ancient as modern, 
fhall only add, that though I have given in- make cryf{tal to be but ice extraordinarily har- 
ftances of the adnafcency of figured ftoneson- dened by a long and vehement cold ; whereas 
ly in Cornifh diamonds, yet they are not the ice is bulk for bulk lighter than water, (and 
only tranfparent minerals, wherein Ihave been therefore {wims-upon it) and (to add that ob- 
able to obferveit. And particularly Tremem- jection againft the vulgar error) Madaga/fcar and 
ber, that I obferved among fome minerals, other countries in the torrid zone abound with 
left by a gold-fmith to his widow, a fine tranf- — cryftal. 
parent and neatly figured ftone, which feemed Havine thus found the ponderoufnefs of 
to be pure cryttal, but was coagulated about a cryftal in reference to water, when I met with 
kind of branching wire, whereof a good part a coloured gem, whofe fpecifick gravity I guef 
was inclofed by-the ftone, that feemed to grow {ed to be fenfibly greater; I fometimes gave 
out of a piece of ore, that looked like filver- my felf the trouble (for a trouble ’tis) to weigh 
ore, and which the woman, that was acurious them in the air and in the water, afid fo dif- 
perfon, upon the ftri€t enquiry, that I made, cover, whether I conjectured aright. And if 
affirmed to be, together with the abovemen- its fpecifick gravity did much exceed that of 
tioned branch, good filver, produced by na-  cryftal, I thought it a probable argument, that 
ture in that form, (which ] thought the more _ there might be fome metalline or mineral cos - 
credible, becaufe of the odd and almoft hair- pufcles mingled with the ftony ones of the 
Jike fhape, wherein I have feen filver-ore to gems, and that alfo it may probably derive its 
have, as it were, grown ;) which will excellently  tinéture thence. I will not tell you, that [ then 
agree with the refemblance, I was juft_ now found many forts of tranfparent ftones much 
propofing betwixt the coagulation of diffolved heavierthan cryftal: for, befides that the tryals 
falts and the liquid matter of gems, about were troublefome enough to make, I chanced 
{table bodies partly immerfed in thofe fluids. to fall upon them in a place, where I had not 
Tre very many circumftances belonging to any ftore and variety of gems to examine, But 
our firft argument, and the laft anfwered ob- one inftance among thofe that occurred to me, 
jection, have fo long detained us, that Idoubt, I fhall here fet down, becaufe, being fo notable, 
you now think it more than time I fhould ad- it may fuffice to fhew, that, as to fome gems 
vance to, and difpatch the fecond of thofe at leaft, my opinion of their having an adven- 
grand confiderations, whereon I at firft inti- titious gravity, and confequently ingredient, is 
mated our hypothefis was founded ; and this very probable. I had fome American granats, 
is built upon the weight of fome gems, which which I had & great and peculiar reafon to be- 
being greater than that, which feems to belong lieve had been once liquid bodies, and there- 
to them, as hard and tranfparent ftones, I'think fore thought them the more worthy to be ex- 
we may probably derive it from metalline or amined; and finding their colour to be fo deep, 
mineral mixtures. . that they were almoit opacous, and judging 
I queftion not, but as you will think this al- by my hand, that they were much heavier than 
legation new, fo you will be apt to queftion, pieces of cryftal of the fame bulk would be, I 
how I come to know the truth of what I here weighed them in a pair of nice fcales in the air, 
deliver; fince, though gems are wont to be and in the water, and found them, as I expected, 
eftimated by lapidaries, as they weigh fuch or to be almoft four times as heavy as water of the 
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fame bulk, and confequently heavier by about 
a third part than; pieces of cryftal, equalling 
them in bignefs, would be. Whence fo great 
an acceffion of ponderoufnefs proceeded, I thal] 
tell you, when I come to my next argument 5 
to which I fhall advance, as foon as I have no- 
ted, that though, when coloured gems have a 
greater gravity than cryftal, *tis a probable ar- 
gument, that they have fome metalline pig- 
ment, or other mineral fubftance, mingled with 
them ; yet, iffuch gems have no fuch furplufage 
of weight, it will not follow, that their colour 
cannot proceed from any mineral tincture ; 
fince tis not unreafonable fo conceive, that a 
mineral fubftance may be prefent in a liquor 
(fuch as the lapidefcent juice,) that we fuppofe 
gems to be made of, even when it adds no ma- 
nifeft weight to the body, that harbours it; fince 
I have obferved (what is odd,) that a mineral 
water, which by its tafte, its effects, and the 
colour it would ftrike, appeared to be richly 
impregnated with iron, being carefully by me 
examined hydroftatically, did appear very lit- 
tle, if at all, fenfibly heavier than common 
water. | 

Tue third and laft aroument, I fhall now 
make ufe of, is taken from hence ; that out of 
divers medicinal ftones, and even out of fome 
fine gems, real and corporeal metals, or other 
mineral fubftances, may be extracted. 

Or this argument, I fhall at prefent fay the 
lefs, becaufe the further profecution of it will 


be more proper in the fecond part of this dif-. 


eourfe, where I fhall be obliged to handle it, 
with reference to opacous gems, in which its 
force will beft appear. And therefore I fhall 
defire you to take notice, when you arrive.at 
that part of the fubfequent difcourfle, of thofe 
particulars, that may ferve to ftrengthen the 
newly propofed argument: and if it be ob: 
jected, that the bodies, there treated of, are 
opacous ftones, not gems, I have thefe things 
to an{wer. 

- First, that divers ftones, that are reck- 
dned amoneit precious ones, are opacous too ; 
as the turquoife, the onyx, the fardonyx, &c. 
not to mention divers others, as cats-eyes, 0- 
pales, &c. which are as it were femi-opacous. 
Befides [ much queftion, whether diaphaneity 
be abfolutely neceffary to: the effence, though 
it be to the beauty, of thofe precious ftones, 
wherein ’tis ufually found. And I might heré 
make it probable by difcourfe, that tranfparency 
and opacity oftentimes depend but upon the 
manner of the pigment’s difperfion thorough 
the ftony matter of thé gem, and the conve- 
iiient or inconvenient fituation of the pores, in 
reference to the beams of light. But waving 
this fpeculative argument, IJ fhall rather take 
frotice, that feveral ptecious ftones, and even 
diamonds themifelves, have fometimes great 
clouds, which male them in thofe parts almoft 
(if not quite) opacous, without being thereby 
hitidered from being true diamonds or gems; 
of this or that kind; to which their Hardnefs, 
colour, &c: makes them appertain: and not 
td mention cornelians, agats, and fome other 
ftones; that we may obferve to be'(as the ting- 
ing corpufcles happen to be, in a due or an over 
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great proportion, mixed with the petrefcerit 
matter, and to be uniformly or inconveniently 
mingled with it,) fome of them tranfparent, ~ 
and fome .of them femi-diaphanous; I have 
feen worn in a ring a fardonyx itfelf, that was 
tran{parent, as unlikely a gem as that is to be 
fo. And as for granats, though you know, 
that both of them are diaphanous, yet I have 
had fome figured ones, that feemed quite opa= 
cous; and I have others by me of feveral coun 
tries, €¢whereaf one very remarkable for its 
Jarge fize and geometrical fhape,) that are in 
fome places diaphanovs, but, as to the main 
bulk of their bodies, appear at leaft almoft as 
dark as ordinary ftones. 

I further add, that I little doubt, but that 
experiments, not unlike thofe I fhall hereafter 
tell you, I try’d to obtain mineral or metalline 
fubftances from load-ftones, native cinaber, 
blood-ftones, &c. might fucceed in {everalk 
other of the more ponderous gems, if it were 
not, that the glaffy nature, or exceeding com- 
pactnefs of many of them, makes the minerat 
corpufcles, that are harboured in the ftony and 
infoluble parts, to be inacceffible to our com= 
mon menftroums. And when the metalline 
and mineral ingredient is very abundant, and 
the tincture of the ftony parts not fo very clofe, 
I queftion not, but even from tranfparent gems 
the adventiticus ingredient may, in part at - 
leaft, be diffolved. And to fatisfy you about 
this matter, I fhall now inform you, that hav» 
ing by the ponderoufnefs of the lately men- 
tioned kind of granats been induced to con« 
clude them impregnated with fomewhat me- 
talline, and for that reafon to think it fit to try, 
whether I could feparate it from them, or other- 
wife difcover it in them; I kept fome of them 
(in a crucible) for a competent time in the fire; 
and found, that they had exchanged their co-+ 
Jour, for one not unlike that of unbrightned 
iron; and having reduced them to very fine 
powder, and digefted fome acid menftruums 
and particularly rectified fpirit of falt upon them, 
they afforded me a rich tincture: encouraged 
by which, I hoped, that, without their being 
previoufly burnt, they would in aqua regis afford 
a tincture, and accordingly I obtained from 
crude granats, (only reduced to very fire pow- 
der) a rich folution, which though in colour 
it fomewhat emulated a folution of gold; yet 
partly by the colour of the burdened granats 
and partly by the tafte of this folution, I fup- 
pofed, that another metal was likelier than gold 
to be the predominant mineral; and having 
gently evaporated part of that menftruum, I 
obtained from fome of the reft certain cryftals, 
whofe fhape, by reafon of their fmallnefs and 
diforderly coagulation, 1 could not well deter- 
mine; and touching with the tip of my little 
finger the uncoagulated portion of the liquor, 
this part of a drop being put to a great many 
drops of the infufton of gall, did fo immediately 
turn it into a, fubftance, that feemed full as 
black, if not blacker than ink, as you would, 
I think, have been fomewhat furprized to be- 
hold. 

Wruricu trial I made to examine the con- 
jeCtures I had, that one mineral (for perhaps 
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it was not the only, that helped to contftitute 
thefe granats, was of a martial nature; which, 
if it were, I fuppofed it would, like other bo- 
dies, that participate of iron, afford with galls 
and inky colour. I tried alfo with a parcel of 
imall and red tranfparent ftones, which fome 
gueffed to be granats, others, more probably, 
rubies, that being finely powdered, they would 
in an appropriated menftruum, (made extra- 
ordinary ftrong) give a colour like that of dif- 
folved gold. And that there were really fome 
parts of the gem difiolved in the menftruum, 
appeared not only by the above mentioned co- 
Jour, but by thefe two indications 3 the one, 
that having put fome of this liquor to fome of 
the fame folution of galls, I juft now fpoke of, 
it produced indeed, at the very firft, a dark 
colour, but not near fo black as that of the gra- 
nats, and ina trice let fall a copious precipitate, 
that was almoft white: the other, that I was 
able to precipitate from it, by an urinous fpi- 
rit, a reddifh fubftance, which being fuffered 
to dry in air, feemed to grow into bodies, in 
fhape not unlike mofs, and here and there finall 
mufhrons, all of them prettily coloured. And 
from certain granats, that were in fome places 
opacous, as well as in others diaphanous, I ob- 
tained a‘ folution, from whence the fuperflucus 
liquor being abstracted, the refidue, which was 
deeply coloured, did in the cold afford mea 
kind of faline concretions, which yct were not 
Jarge enough to enable one to determine their 
figures. 

AnpD on this occafion, I hold it not unfit to 
intimate, that perhaps, if men had _ curiofity 
enough to make trials, there would be other 
tranfparent minerals found capable of being 
wrought on by appropriated menftruums. -or 
I donot think, that every feemingly glaffy con- 
texture of a mineral makes it unfit to be 
wrought on: fer though the clear fpar, which 
in moft of our weftern Icad mines in England 
is found next. to the metalline veins, be at Jeaft 
{emi-diaphanous, and be of fo glaffy a contex- 
ture, that it ufually breaks into fmooth and 
gloffy fuperficies, and looks like a talk, and 
alfo, for the moft part, is made up of, and 
prefently reducible into geometrically figured 
bodies, fhaped like rhombuffes or rhomboides ; 
yet fome other trials, that I have made with 
this fpar, inducing me to fufpeét, chat it, was 
not indeed a talk, but a body of a much more 
open texture, I found I could diffolve it in fe- 
veral liquors, and particularly in good {pirit of 
falt, which would prefently work upon it, even 
Wwhilft it was in lumps, and that without the af- 
fiftance of heat; which obfervation may per- 
haps give fome encouragement to fuch a cu- 
riolity as yours. 

Burt by what I have faid of the ufefulnefs 
of menftruums, I would not have you think, 
that they are the only inftruments, where 
with fomething metalline may be obtained from 
fome gems: for in an other paper of mine 
(to which fuch trials more properly belong) you 
may find an account of fome attempts of that 
kind by fufions and appropriated additaments. 
And however fuch trials may fucceed with you, 
that aim at feparating from a gem a metalline 
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or mineral body of a determinate fpecies ; I 
can teach you an eafy way, whereby I have 
(by the help of fufion) more than once mani- 
fefted in the general, that there may be fub- 
ftances, partaking of a metalline nature, in 
fome kinds even of tranfparent gems. And 
partly by the fame way, and partly by fome o- 
thers, I have been able to determine probably 
enough, in fome cafes, that the mineral fub- 
{tance is predominant in it. 

Anp here, before I difmifs the firft part of 
our effay, I think, I may poffibly fomewhat 
illuftrate our hypothefis, if I briefly mention 
to you an experiment, I remember I once 
made to that purpofe. And it was this: I re- 
duced to powder fome of thofe fliria, that I 
have often fpoken of, of water petrified, as it 
were, {pontaneoufly. Lalfo confidered with my 
felf, that I had found fpirit of verdigreafe, 
(which I make without the tedious preparations, 
that Bafiius and others prefcribe, by barely 
diftilling, without additaments, good French 
verdigreafe, and rectifying the obtained li- 
quor) I had, I fay, found this menftruum to 
be, not only, as I elfewhere obferve, a good 
folvent for many bodies, but alfo to be diftil- 
able from many of them, without leaving 
near fo much of itfelf behind, as other faline 
folvents are wont to do: confidering this, I 
fay, I diffolved the ftony f{tirize in this liquor s 
and having fuffered fome of it to evaporate a- 
way, and put the reft into a cool place, I ob- 
tained, as] expected, {tore of finall, but finely 
fioured and tranfparent cryftals, that fhot much 
after the fafhion of thofe of the purer fort of 
nitre. With fome part alfo of the ftony folu- 
tion I mixed, in a convenient proportion, a 
high coloured folution of copper, made like- 
wife in f{pirit of verdigreafe ; and thefe two fo- 
lutions being made with the fame menftruum, 
and warily enough put together, did not pre- 
cipitate one another, but afforded me, upon 
the evaporation of the fuperfluous moifture, a- 
mong divers cryftals, that were tranfparent and 
colourlefs, fome, that were richly adorned with 
a ereenifh blue tincture of the diffolved metal. 
What trials I. made by this way, little varied, 
to imitate nature, by affociating into tranfpa-. 
rent bodies {tony and metalline fubftances, I 
cannot now give you a full account of; fince I 
neither have by me the notes I fet down a- 
bout thofe trials, nor think it ft to make this 
firft part of our difcourfe more prolix, than I 
now perceive it to be already. 
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Containing a conjetture about the caufes of the 
virtues of gems. 


HAT has been hitherto delivered in the 

firft part of our difcourfe, will, I fup- 

pofe, make it allowable for me to be more fuc- 

cinct in the fecond. I fhall now, therefore, 

proceed to thofe other confiderations, which, 

being affifted by what has been already faid, 

may, I hope, fuffice, to keep our conjecture 

about the caufe of the virtues of gems from 
feeming unreafonable. 

AND 
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Anp iy firft obfervation fhall be, that not 
only there is in the earth a great number and 
variety of minerals, already known by parti- 
cular names; but probably there are very ma- 
ny others, that are not yet known to us. 

Tre former part of this propofition will not 
be doubted by thofe, that confider, how great 
a multitude of metalline ores, marchafites of 
feveral forts, antimonies, tinned glafs, fluores, 
talks of various kinds, fpars, fulphurs, falts, 
bitumens, &c. are mentioned partly by che- 
mifts, and other minerahfts, and partly by 
thofe, that have given us accounts of mufeums 
and other collections of natural rarities; info- 
much, that of only one kind of foffils, the di- 
ligence of fome modern writers hath reckoned 
up between two hundred and two hundred 
and fifty; befides animal ftones, as lapis be- 
zoar, lapis manati, oculus cancri, lapis por- 
cinus, &c. 

Anp as for the fecond part of our propofi- 
tion or obfervation, you will fcarce deny it, 
though you confider with me but thefe two 
things, 

Tre firft is the fmalland inconfiderable pro- 
portion, that the perpendicular depth, that the 
generality of mines bears to the femidiameter 
of the earth, reckoned to be above 3500 
miles; fo that, though our globe were inha- 
bited by fome hundreds of millions of men 
more than now it is, and they had curiofity 
enough to dig mines every where, and confe- 
quently there were millions of inquifitive and 
Jaborious men, more than really there are, their 
fpades and pickaxes would, except here and 
there, penetrate fo little a way into the earth, 
that a vaft multitude of foffils might, by lying 
deeper in the bowels of it, continue undif- 
covered. 

Anp to this firft obfervation I fhall fubjoin 
this fecond ; that, as far as I have obferved, 
almoft every region affords minerals of its own, 
differing from thofe, that are taken notice of in 
other regions. And in particular countries, as 
in fome fhires of Exgland, a curious and heed- 
ful eye may, I doubt not, obferve feveral, that 
are not taken notjce of by the inhabitants 
themfelves ;  efpecially, if well-made borers 
were diligently and fkilfully employed to pierce 
the ground, and bring up famples of divers 
foffils, that lic hidden under it. But having 
elfewhere difcourfed of this matter, I fhall 
here only tell you, in general, that in fome 
parts of England, where I had more opportu- 
nity than in others, to exercife fome curiofity 
about minerals, I met fometimes, in a {mall 
compafs of ground, with a much greater va- 
riety than I expected, and feveral of them un- 
defcribed, that I know of, by any writer; of 
which fort I have received divers others from 
Several parts, both of the old world and the 
new. 

In the next place, I confider, that nature 
has furnifhed the earth with menftruums, and 
other liquors of feveral forts, and endowed it 
with divers qualities. This I have already ma- 
nifefted in the difcourfe of fubterraneal men- 
{truums, whereto I fhall therefore refer you ; 
only taking notice in this place, that whereas 
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water 1s abundantly to be met with under 
ground, and, for the moft part, very copioufly 
in mines, by which it is capable to be variou/ly 
impregnated ; this liquor itfelf, efpecially be- 
ing thus altered, may, in fome cafes, act the 
part of no defpicable menftruum, and, on fome 


-occafions, otherwife concur to the production 


of mineral bodies. 

I further obferve, that the fubterranea] ]i- 
quors, upon one account or other, (for we need 
not now particularly determine it) are qualified 
to work, either as corrofive menftruums, or as 
other folvents, upon many of the medicinal 
earths, and other minerals they meet with un- 
der ground: which minerals, having never 
been expofed to our fires, have their texture 
more open, and their parts more foluble, than 
thofe, that have been melted by the violentheats 
of our furnaces. 

Anp that even common water will fuffice 
to diffolve and impregnate itfelf,€ both with 
the faline, and, oftentimes, with metalline parts, 
that it meets with in its pafflage, is obvious 
enough in the differing taftes, and other qua- 
lities of liquors, that all pafs for common wa- 
ter, whereof fome is found better, and {ome 
worfe than others, to brew, fome to wath linen, 
fome to dye fcarlet, or other determinate co- 
lours; fome to temper fteel, and fome for 
other ufes, 

But others, unqueftionably more eminent 
inftances, are given us by the mineral fprings, 
whether therme or acidulz, as authors diftin- 
guifh thofe, that are actually hot, (as at Bath) 
and thofe, that are faline, and, for the moft 
part, fourifh (like thofe at Tunbridge, and the 
Yorkfbire Spa; ) of which two forts, good 
{tore are enumerated by phyficians and geogra- 
phers; and of which a far greater number 
would be difcovered, if men wanted neither 
fkill nor diligence. And here I fhall defire 
you to take notice, that, though common 
water do the moft readily diffolve the falts 
more properly fo called, though not altogether 
pure, it meets with in the bowels of the earth, 
as we fee it happens in thofe falt-{prings thar 
come not from the fea; yet there are alfo 
many other fubterraneal bodies, which, upon the 
{core of their abounding with faline particles, 
will be diffolved by water, though they be cf 
a compounded nature, and contain very dif- 
fering fubftances ; as it is plain in thofe waters 
of Hungary, and other regions, which, by the 
evaporation of their fuperHuous moifture, will 
yield vitriol, a mineral not only compounded, 
but decompounded, as containing in it a faline, 
a fulphureous, a metalline, and an earthly part, 
(which, itfelf, I have found to be none of the 
fimpleft bodies ;) every one of which may be 
made diftinctly to appear. 

Lastiy, I confider, that the petrific juice 
or fpirit coming to be ina fufficient propor- 
tion mingled with thefe impregnated waters, 
{fo as to coagulate them, and concoagulate with 
them ; from their coalition may refult thofe 
precious ftones, that we call tranfparent g-ms. 
For it is certain, that bodies, that were a 
while before in the form of waters, may co- 
agulate into ftony ftirie, of whofe odoroufnels 

and 
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and reduciblenefs into lime, I have already 
given an account in my difcourfes of lapidef- 
cent juices; of which you may command a 
fight. And that even diamonds themfelves, 
the hardeft of gems, were once fluid fubftances, 
the firft part of this difcourfe has, I hope, e- 
vinced, © 

To which I fhall now add, that procuring 
fome petrified bodies to be brought me from 
a place in England, which I could not be ad- 
mitted to, I found, that the petrific juice or 
{pirit, that abounded in the earth of that {pot 
of ground, was fo penetrating, and fo opera- 
tive, that it made fome of the vegetable fub- 
{tances, that were found in it, in their priftine 
fhape, and, for ought I could perceive, big- 
nefs, hard enough to cut glafs, as well as grave 
on iron. And it was among thefe rarities (if 
Z much mif-remember not) that I picked up a 
(moderately) tranfparent body (which, I think, 
I have yet by me) that, by the fhape, and o- 
ther circumftances, I judged to have been a 
diaphanous gum, belonging to one of the pieces 
of petrified wood, that had been brough me, 
and was hardened to a degree, that made it ca- 
pable of fcratching glafs. 

Anp now to bring home thefe things to 
my prefent fubject, I conceive, that fome, at 
Jeaft, of the real virtues of divers gerns, may 
be derived from this, that whilft they were in 
a fluid form, or, at leaft, not yet hardened, the 
petrefcent fubftance was mingled with fome 
mineral folution or tincture, or with fome o- 
ther impregnated liquor ; and that thefe were 
afterwards concoagulated, or united and _har- 
dened into one gem, as a diamond, a fapphire, 
a granat, an onyx, a blood-ftone, &c. And 
as divers of the virtues of gems may be, ina 
general way, deduced from the commixture of 
thefe mineral corpufcles; fo the greatnefs of 
thofe virtues, and the variety of thofe proper- 
ties, in particular, may be afcribed to the pe- 
culiar nature of the impregnating liquors, to 
the diverfity of them, and to the greater and 
Jeffer proportions, wherein they are mixed with 
the petrefcent juice. 

To render this conjecture (for I propofe it 
as no other) thus fummarily ‘and briefly ex- 
preffed, the more probable, it will be fit to re- 
call to mind the arguments, whereby we have 
-already fhewn, both that gems were once fluid 
or foft bodies, and that clivers of them were 
not fimple concretions of a petrefcent liquor, 
but conlifted alfo of other mineral adventitious 
corpuicles : which may appear, ‘partly by the 
feparableneis of fuch fubftances from fome 
gems, (as we exemplified in granats) partly 
by the fpecific gravity of others, and -partly 
by the differing tinétures (whereof one, at Jeaft, 
anay well be fuppofed adventitious) to be met 
with in gems of the fame {pecies, as rubies, 
fapphires, granats, and even the hardeft ftones, 
that we yet know of, diamonds themfelves ; 
of which (as is before noted) I have feen fome 
yellow, and that to a great degree, fome of 
other colours, but nor fo vivid; and fome 
green, almoft like emeralds. 

Now fince there may be in gems, .and, in 
fome of them, abundantly fuch -adventitious 
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corpufcles ; and fince there is caufe to think, 
that fome may be endowed with divers pro- 
perties, and medicinal virtues ; fince alfo there 
is a great difference among thefe impregnating 
particles, and, probably, of a greater variety 
of them, than is known to us; fince, laftly, 
divers gems are not {paringly, but richly im- 
pregnated with thefe ennobling corpufcles, I 
fee no fufficient reafon, why fome of the vir- 
tues of divers gems are not more likely to pro- 
ceed thence, than from thofe unintelligible 
and precarious fubftantial forms, to which they 
are wont to be referred, 

But becaufe there are fome difficulties, that. 
the objections of others, or my own thoughts, 
have fuggefted againft our hypothefis ; though 
Ineither have time, nor do think it very ne- 
ceffary, to difcourfe amply of them: yet to 
clear the way for what Iam afterwards to re- 
prefent, I fhall (though I can but briefly do 
it) fay fomething to each, that may, perhaps, 
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appear no infufficient anfwer ; efpecially after - 


I have declared, as I here do once for all, that 
I {peak of the true and medical virtues, that 
belong to gems; and that, as to thofe magi- 
cal, and other extravagant properties, that 
either notorioufly fabulous, or other credu- 
lous writers have made bold to deliver, I am 
fo far from pretending to afford them an ex- 
plication, that I do not allow them the leaft 
degree of affent. 

Tis premifed, let us confider the chief 
difficulties themfelves ; among which, I doubt 
not, but it will be objeéted, that it is-not cre- 
dible, that the mineral fubftances, wherewith 
-our hypothefis would have gems to be impreg- 
nated, fhould have any medical operation at all 
on the human body, in regard, that they are 
fo locked up, that they can communicate no~ 
thing to it, efpecially being indigeftable and 
unconquerable by fo fmall a heat, as that.of the 
ftomach and other parts of the bedy. 

Bur to this {pectous objection I have feveral 
things to return by way of anfwer. And firft 
of all; shad there yet never been any actual 
trial made, whereby to know, whether a gem 
be capable of having any medical virtues, I 


confefs I fhould find probability enough in the- - 


objection to fufpend my judgment, till experi- 
ence fhould determine the queftion. But fince 
upon the very credible teftimony of eminent 
phy fictans and patients themfelves.of my ownac- 
quaintance, I find much lefs caufe to difbelieve, 
than to affentto fome matters of faét about 
the operations of gems 3 and fince fuch mat- 
ters of fact do{trongly argue, in the general, 
that a precious ftone may have medical virtues ; 
J think, the objection, as it 1s propofed in ge- 


-neral, is fufficiently enervated by fuch particular 


inftances, and ought not to Keep-us from ‘be- 
leving upon experience the poflibility of the 
thing dented ; efpecially fince there are other 


things ‘befides, that may be alledged in favour 


af our hypothefis. | 
For it may be confidered inthe next place, 
that vigorous Joad-ftones emit copious and very 
filly effiuvia; and yet, belides that or- 
dinary magnets are-ufually a very hard-fort of 
ftones, I ‘have met with fome load-ftones 
Goo much. 
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much harder than ordinary ones, and poffibly. 
than divers gems. Andit is farther confidera- 
ble, that there are load-ftones, (fome of which 
I can fhew you) which do not only work up- 
on iron, and other magnetical bodies, but 
have a manifeft and inconvenient operation 
upon human bodies, by being worn in men’s 
pockets, or long held in their hands; as thofe, 
that have refented fuch operations themfelves, 
and obferved them in others, have complain- 
ed to me; which I might confirm by fome 
analogous obfervations, if I ‘had time to relate 
them. 

But now I proceed to obferve, that among 
tranfparent pebbles, fome of which, you know, 
are, by being barely well cut and fet, made to 
counterfeit diamonds, I have found feveral, 
that may be brought, ina trice, to emit co- 
pious, and even ftrongly-fcented fteams. And 


-if you allow the opinion of the generality of 


modern philofophers, who afcribe electrical at- 
tractions to the effluvia of bodies excited by 
rubbing, you will, I prefume, allow me to in- 
fer, that very light alterations may fuffice to 
procure expirations, even from  tranfparent 
gems: many of which are electrical, and fo 
are the hardeft of them, diamonds themfelves ; 
one of which I keep by me, that, upon a lit- 
tle friction, attracts vigoroufly enough to be 
wondered at by the-{pectators. 

ANp as to that part of the objection I am 
anf{wering, which contends, that gems are not 
to be digefted or conquered by the heat of 
the ftomach ; I will not ftay to examine, whe- 
ther, and how far, the digeftion of things in 
the ftomach be to be afcribed to heat, con- 
tenting myfelf to fay at prefent, that, to make 
the objection valid, it fhould be firft proved, 


-that fuch bodies cannot have any operation 


upon the human body as pafs .thorough it, 
without any fenfible change of bulk, figure, 
&zc. as gems, that are {wallowed down, are fup- 
pofed todo. For, we know, that fome che- 


-mifts make bullets of the regulus of antimony 


(which we alfo have made, and obferved fome- 
thing odd about them) which they call pi- 
lula perpetue, becaufe, when they have per- 
formed their operation in the body, and have 
been ejected with the excrements, ‘they are by 
fome more thrifty, than cleanly perfons, wafh- 
ed, and employed again and again to the for- 
mer purpofes. Nor do we know, what ana- 
logy there may be between fome juices in the 
body, and fome of the mineral fubftances, that 
impregnate gems with their virtues. 

For, though the oculus mundi be reck- 
oned, by claffic authors, among the rare gers 
(as indeed good ones may be juftly accounted 
rarities; ) yet, if one of the beft fort be but 


-a while. kept in common water, it will, as ex- 
: perience affures me, receive an alteration ob- 


“vious to the eye. 


I might here alledge the 


‘concurrent authority of ‘many, and the com- 


mon practice of moft phyficians, who, in their 
publick difpensatories, as well as private pre- 


‘{criptions, ordain the fragments of precious 


{tones to bé taken inwardly, upon the {core of 


“the cordial, and other virtues, they.afcribe to 


them. -But.I-thall rather make ufe of lefs. quef- 


4 /- 


ciate, than his adverfary in that point. 


tioned arguments, and, without infifting on 
the manifeft operation, that the juices cf the 
body have not only on the chalibeat prepara- 
tions, where the metal is prefumed to be o- 
pened, but upon crude fteel itfelf; or urging 
the examples of Lazarus vitri-vorax, or the 
devourers of ftones, as being rare idoulepactas 5 
I fhall proceed to acquaint you, that with a 
faint liquor, diftilled from a vegetable fub- 
ftance, as temperately qualified, and as plen- 


‘tifully eaten as bread, I have obtained, and 


that without heat, from divers hard bodies, 
and amongft them, from a tranfparent fort of 
‘gems, a manifeft tincture. And whether fome 
juices of the body, affifted by the natural hear 
of it, may not, in reference to fome gems, 
ferve for extracting menftruums, though it 
may well be more than either I, or the ab: 
jectors, certainly know, yet the in‘tance, «I 
come from alledging, favours our hypothefis 
more than theirs. 
AND even the natural heat of a human 
ftomach, nay, perhaps, the outward parts of 
the body may be able, though nor to digeft 
precious ftones, yet to folicit out fome of their 
virtues ; fince I am fure, it makes a fenfible 
alteration in the hardeft fort of them. For I 
have a diamond, whofe electrical faculty may 
be excited not only by rubbing, but, withouc 
it, by a languid degree cf adventiticus heaz. 
And I have had in my keeping a diamonc, 
which, by water made a little more than luke- 


-warm, I could bring to fhine in the dark. 


Odjec?. If it’ be further alledged, thar, 
though. fome virtues may be conceded to gems 
upon the account of the minerals, that impree+ 
nate them, yet it will be no way likely, that 
their virtues fhould be fo various and great, as 
even the modefter fort of authors pretend : if 
this, I fay, be alledged, I fhall readily acknow- 


‘ledge, that Ido not think others, or myfl§ 
‘obliged to believe all the ftrange things, that 


even fome learned writers do fometimes afcribe 
to gems: And if any man will think, that 
fome of them are fabulous, and more of them 
hyperbolical, he may fooner find me his affo- 
For 
the rarity of tranfparent gems, their luftre, and 


‘the great value, which their fcarcenefs, and 


men’s folly fets upon them, imboldens fome to 
fay, and inclines others to believe, that fuch 
rare and noble productions of nature muft be 
endowed with proportionable, and confequent- 
ly, with extraordinary qualities. 

But this being freely granted, I anfwer to 
the objection ; firft, that *tis not improbable; 
that there may be in the earth a much greater 
variety of minerals diffoluble by the fubterraneal 
menftruums, and capable of concoagulation 


-with petrefcent juices, than authors have yet 


taken notice of: to which conjecture divers 
fubterraneal productions, that I have met with, 
do ftrongly incline me. And from the number 


‘and various mixtures of thefe may proceed, 


not only a great variety of operative particles 
in precious {tones, but a high degree of energy 
in fome of them. : 
Anp next I confider, that the eficacy of 
thofe mineral tinctures or folutions, that are 
already 


Sect. 


IT. 


Seét, 


See Unze- 
gus de ne- 
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already known to us, and may be concoagulated 
with the petrefcent juice, may be reafonably 
prefumed to be much greater in fome gems, 


whereof they became ingredients, whilft they — 


were (as chemifts fpeak) in folutis principits, 
than may be expected in our fhops, or labora- 
tories, from the vulgar folutions of the fame 
metals or minerals, after they have, by vehe- 
ment fires, been reduced into gold, or filver, 
or lead, or antimony, &c. , For whereas, in 
thefe vehement fufions, requifite to bring me- 
talline or other ores into fuch fubftances, the 
volatile and fpirituous parts are wont to be dri- 
ven away, and the remaining body becomes 
more hard and compact, and has his virtues, as 
it were, locked up; in the ftate of Auidity thofe 
fubtle and efficacious parts are preferved,- and 
united to the other ingredients of the gems, 
whence fome emanations of them may be ea- 
fily enough drawn out ; as in the inftance I not 
long fince mentioned, of the eafy eduction of 
ftrongly fcented ftreams from pebbles fo hard, 
that I found them more difpofed to ftrike fire, 
than flints themfelves, that are ufed in guns. 
And from the greater or lefs plenty, and natu- 
ral activity of the impregnating particles in this 
or that gem, may, probably, be deduced the 
difference in colour of fome, and in virtue of 
other ftones of the fame denomination: of 
which we have, in a learned writer or two, emi- 
nent examples given us, of the great virtue of 
fome, and the inefficacy of other, that expe- 
rience has difcovered, among thofe ftones, that 


go under the title of lapis nephriticus. © For, 


though they be not properly tranfparent gems, 
yet the analogy betwixt them, and thofe that 
are, feems fufficient to warrant the mentioning 
of them on this occafion. 

Anpv here we may fubjoin two things, in 
favour of both the foregoing anfwers: the firft, 
that for aught we know, the petrefcent juices 
themfelves may have all, that isrequifite to make 
them fuch, and yet have diftinét natures, and 
be endowed with peculiar qualities, abftracting 
from thofe, which they acquire upon the fcore 
of their coalitions with adventitious liquors. 
This I cannot ftay to make probable by the 
differences I have obferved in petrefcent fluids, 
and therefore I haften to the fecond. | 

Tue next thing, which I would reprefent, 
is, that having obferved petrific liquors, or 
fpirits, to pervade and give a high degree of 
hardnefs to bodies, that chanced to lie within 
their reach, though one would have thought 
them fuficiently indifpofed to receive fuch an 
induration; I fee no abfurdity in fuppofing, 
that, fomctimes, fuch a liquor may invade, per- 
meate, and fubdue tranfparent minerals, a- 
bounding in faline, fulphureous, aad bitumi- 
nous particles ; which confequently being duly 
excited, may be made to emit their more fub- 
tle and more active parts. And asI have caufe 
to think, that fubterraneal fires and menftruums 
do divers times make various compofitions and 
decompofitions in the earth, (as it were not 
hard for me to fhew, if I had leifure ;) fo it is 
net impoffible, but that the fpinit, we have 
been {peaking of, f{upervening, may mingle it- 


{cli with fuch bodies, and petrify them toge- 
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ther with itfelf into gems. On which occafion 
Y remember, that I have had falt, made by na- 
ture in the bowels of the earth, juft like that, 
which chemifts compound by art on the furface 
of it. “And I have fometimes made, by an 
eafy operation, and a moderate degree of fire, 


-a certain compofition of volatile particles of 


falt and fulphurs (fome of which I have yet by 
me) which, after diftillation, did, in a fluid 


-medium, fhoot into cryftals tranfparent, and 
.more curioufly figured, than I have feen divers 
-natural gems to be. So that, if either beneath, 


or upon the furface of the earth, fuch kind of 
fubftance happen to be pervaded and fubdued, 


- by a clear petrifying liquor ; we may well pre- 
-{fume, that the refulting concretions may be in- 
.dued with qualities, as well uncommon for the 
‘kind, as confiderable for the degree. 


Ojed. If it.be yet objected, that it is very 
unhkely, that gems fhould part with any efflu- 


.Via, of portions of themfelves, -fince they lofe 


not of their weight, and fome of them are very 
little heavier than cryftal itfelf, and confequent- 


_ly are not like to have much adventitious fub- 


{tance to’part.with ; I might leave the anfwer- 


-ing of one part of the objection to phyficians 
-and chemifts, who teach, that the antimonial 


glafs and cup.imbue wine, and other liquors, 
with a {trong emetic quality, without any fen- 


fible lofs of weight. But having elfewhere fpo- 


ken of thofe things, I fhall rather here demand, 


-whether the objectors have tried the truth of 


what their argument fuppofes by any way fuf- 


ficiently accurate? For I much doubt, that that 


has neither been attempted, nor would be found 


eafy to be performed. And till due trial be 


‘made, let me reprefent, that though they will 
_ not allow common water to be a menftruum fit 


to draw any thing with, from fuch a body as 
mercury, which is wont to mock the chemifts 
aqua fortis and aqua regis; yet both He/mont, 
and others, inform us, that mercury kept for 
a day or two in common water, or boiled a 
while in it, though it be taken out without any 
fenfible diminution of weight, or bulk, will 
have imbued a confiderable quantity of water 
with a virtue of killing worms ; for which pur- 
pofe, it is much ufed, and often with good 
{uccefs, ina great hofpital in London, as the 


‘chief phyfician of it (a very judicious and ex- 


perienced man,) has more than once informed 
me. 

Ano as for the lightnefs, that is objected 
againft fome gems, befides that it may fafely 
be granted, that, ceteris paribus, fuch may 
have.fewer or more languid virtues, than others 
of the fame kind; it may alfo be anfwered, 
that the adventitious fubftance, that impreg- 
nates the petrefcent juice, may be of fo {mall 
{pecifick gravity, as not to make the gem at 
all heavier in fpecie, than cryftal itfelf. For 
this, (as we have formerly obferved,) being a- 
bout two times and a half heavier than com- 
mon water of the fame bulk, I have hydro- 
{tatically found, that divers falts and fome o- 
ther mineral fubftances are of lefs fpecific gra- 
vity ; and confequently, if they were concoa- 
culated with the petrefcent juice, that hardens 
into cryftal, need not increafe the ponderoutnels 
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of it, and yet may embue it with confiderable 
virtues : nor is it neceffary (to add that 7 tran- 
fitu. an this occafion) that, not to alter even 
the colourleffnefs of cryftal, or the colour of 
another gem, the adventitious fubftance fhould 
be purely faline: for [ have divers times made 
bodies, which though tranfparent and colour- 
lefs like cryftal, and fometimes curioufly and 
regularly figured, were yet of a compounded 
nature, and particularly abounded with an ea- 
fily feparable and ftrongly f{cented fulpnur. 
But to give yet a farther and more direct an- 
{wer to the objection; I fhall add, that though 
when a gem has much more {pecifick gravity, 
than cryftal, or will fuffer an adventitious mi- 
neral to be feparated from it, it is a very pro- 
bable argument, that the petrefcent juice 1s 
that body compounded with an adventitious 
fubftance ; yet it will not neceffarily follow, 
that, when neither of thefe figns appear, the 
gem is quite devoid of any fuch fubftance. 
For, (according to what I elfewhere declare,) 
the petrefcent liquor, it mainly confifts of, may 
be impregnated, not with the groffer fub{tance, 
but with the finer and more {pirituous part of 
the mineral, without having the f{pecifick gra- 
vity fenfibly encreafed. Of which I remem- 
ber, I fhewed a notable inftance to fome curious 
petfons, at a mineral fpring, which many 
were then drinking of by the advice of learn- 
ed phyficians for feveral difeafes. For, though 
this water, both by its inky tafte, by its black- 
ing the excrements of thofe, that drank it, and 
by other figns appeared to participate richly e- 
nough of iron ; yet the ferruginous particles, 
it abounded with, were fo light and fpirituous, 
that not only they would, asI tried, be eafily 
foft, if the liquor were kept too negligently 
{topped ; but when I came, whilft the fpirits 
were yet there, (it being but newly taken from 
the fpring it felf) to examine it hydroftatically 
with very good fcales, and much diligence, I 
convinced the virtuofi, that affifted, that this 
ferruginous water was very little, if at all, 
heavier in fpecie than other water, which was 
brought as common water to be compared with 
it, and examined with the fame fcales, and af- 
ter the fame manner. 

AND now, if you recal to mind what I have 
elfewhere faid, partly of the atmofpheres of 
folid bodies, and partly of the great efficacy of 
effuviums; I hope you will not think it ab- 
furd to conjecture, both, that fome precious 
{tones may have medical virtues, and, that di- 
vers of thefe may be a{cribed to the mineral fub- 
ftances, whereof they participate or confift ; 
and efpecially to thofe, which are beft fitted to 
exert their powers, by the copious effluxions of 
their more agile and fubtle parts. 

Anp by this time it may be feafonable to 
tell you, that though what I have hitherto dif- 
courfed do chiefly belong to tranfparent gems ; 
yet divers of the things already delivered may, 
with no great alteration, be apphed to opacous 
gems: of which 1 fhall fpeak much more 
briefly, not only for the reafon juft now given, 
but becaufe, if we have fhewn, as I hope we 
have, that even diaphanous gems may be en- 


dowed with virtues by the mineral fubftances 
they contain or are in part, made up of; the 
arguments will hold more ftrongly as to opa- 
cous gems: both becaufe thefe are, for the moft 
part, much lefs hard than the others, and be- 
caufe it is far more eafy to fhew, by their fpe- 
cific gravity, and the compoundednefs of di- 
vers of them, that the dark ones, than it is, 
that the clear ones, may partly, and fome- 
times plentifully, confift of mineral fubftances, 
embodied with, and hardned by petrefcent 
juices, or petrific {pirits. 

In favour of this doctrine, I fhall endeavour, 
in the firft place, to fhew, that what has been 
delivered is poffible; and afterwards, fet down 
fome particulars to make it very probable. 

Tue firft part of my tafk might be eafily 
performed, or, perhaps, would be needlefs, if 
I were fure you had no need to be told of any 
thing I have written about lapidefcent juices. 
But for greater fecurity I fhall, in this place, 
briefly intimate, that, among the kinds of thofe 
liquors, I have obferved a fort, that is of fo 
fine a fubftance, and yet of fo petrifying a 
virtue, that it will penetrate and petrify bodies 
of very differing kinds, and yet fcarce, if at 
all, vifibly encreafe their bulk, or change their 
fhape or colour. To which purpofe, I re- 
member, that I have feen divers animal and 
vegetable fubftances fo petrified, as fcarce, at 
all, to be taken notice of, by their appearance 
to have been altered by the operation of the 
petrefcent liquor. I have, wih pleafure, feen 
a thin cream-cheefe turned into ftone, where 
the fize, fhape, and colour, even of the 
wrinkles, and the blueifh mold (which, it feems, 
it began to have, when the liquor invaded it) 
were fo well preferved, that an hungry man 
would not have fcrupled to have fallen upon ir 
for a good bit. And as for the hardnefs, that 
this petrefcent juice can give to the body, that 
it penetrates, I fhall now only remind you of 
what I lately told you; that I have had, and, 
I think, yet have, in another place, a pretty 
quantity of wood petrified in England, which 
retaining its former figure, and grain, and 
fcarce at all vifibly encreafed in bulk, was fo 
very hard, that I could make impreffions with 
It upon iron, and glafs it felf,’and make it 
{trike fire like an excellent flint. To which I 
fhall here add, that the ftony parts did not 
fuffer the wood, which they had penetrated, to 
be reduced in the fire, either to afhes or char- 
coal, And I have by mea lump of mineral 
fubftances, wherein a petrefcent liquor, that 
fills the large intervals between them, is tranf- 
parent enough, and harder than moft ftones, 
as far as we could guefs by fome trial of it 
made by a fkilful engraver of gems. 

AnD to thefe inftances might be added ma- 
ny others, if it did not by theie few fufficiently 
appear, that petrifick agents may infinuate 
themfelves into the pores of various bodies, 
and turn them into ftone, without otherwife 
deftroying their priftine nature, or fo much as 
their former figure. 

WHEREFORE having in general fhewn our 
hypothefis to be poffible, we may now defcend 

To 
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to four or five particular arguments, that it is 
hoped may help to render it very probable. 
And thefe I fhall fetch, partly from the great 
fpecific gravity of: divers opacous and me- 
dicinal ftones ; partly from the fitnefs: of cur 
hypothefis to render a reafon of divers phzeno- 
mena relating thereunto, fome of them fcarce 
at all, and others much lefs probably to be ac- 
counted for without it; partly from the me- 
talline fubftances to be manifeftly feparated or 
obtained from the ftones we are treating of ; 
and partly from the nature of the bodies, where- 
of medicinal ftones feem to be compounded. 
Arg. 1. Tuart the fpecific gravity of divers 
opacous ftones, whereunto medicinal properties 
are afcribed, is very confiderable, is a truth, 
which if thofe, that have written of fuch con- 
cretions, had been verfed in hydroftaticks, and 
had had the curiofity to examine them that 
way, they might have eafily-difcovered ; as 
will quickly appear by particular examples: 
before the mention whereof, it will be fit for 
me to take notice to you, that confidering with 
my felf, that white marble is generally allowed 
to be a pureand folid ftone, and upon the fcore 
of its whitenefs is likelier, than moft others, 
to be free from mineral mixtures; I thought, I 
might at leaft as well pitch upon that, as on any 
other, for the ftandard of the fpecifick gravity 
of opacous ftones, as they are merely fuch. 
And accordingly having weighed a piece of 
white marble in air and water, I found :t to be 
in weight to an equal bulk of that liquor very 
near 2 743 to 1, or, that the proportion with 
very little error may be the better remembered, 
as two and feven tenths to one. And to make 
trial in a {tone uncoloured, but, becaufe har- 
der, fuppofed to be of a clofer texture, we 
examined a fine white pebble, which we found 
to be to an equal magnitude of water, as two 
and above fix tenths to one. This being de- 
termined, it was not difficult for me to think, 
both that divers bodies, that commonly paffed 
for mere ftones, are more ponderous than white 
marble of the fame bulk; and that if there 
were any fuch great furplufage of fpecific 
weight, as I gueffed, many will be found to 
have above that of marble, it might proceed 
from fome metalline body, though not vifi- 
bly, yet really, and perhaps plentifully min- 
gled with the petrefcent matter of thefe ftones, 
The latter part of this conjecture will hereaf- 
ter be confirmed in the third argument; which 
makes it unneceflary for me to give you now 
of the former more than a few inftances: 
which | fhall foon difpatch by telling you, that 
I quickly found by weighing the following 
minerals, firftin the air, and then in the wa- 
ter, that a blood-ftone (bought at the druggift) 
was in weight to water of the fame bulk 
at 5 to 13 the load{tone, I then tried, (for 
all are not equally heavy in fpecie) as 4 and x, 
to 1; lapis calaminaris, ufed for rheums in 
the eyes, and to turn copper into brafs, as 
4 Ys to one; lapis tutia, as they call it, which 
is alfo much employed in rheumatick eyes, as 
very near 5 tot. ) : 
BuT here I muft advertife you, that I have 
not found the proportion of each of thefe bo- 
Vou. Il. 
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dies and water to be any thing near conftantly 
the fame, but fometimes to differ very much 
in particular ftones of the fame kind; which 
agrees very well with our hypothefis. For, 
according to that, thofe particular ftones, that 
happen to partake more plentifully of mineral 
{ubftances, heavier in f{pecie than ftone, as fuch 
needs ta be, ought to be more ponderous than 
others of the fame kind, that are not fo quali- 


fied: I faid, heavier in fpecie than a ftone, as: 


fuch need to be, becaufe there are fubftances, 


that are reckoned among minerals, and are ca- 


pable of endowing the ftony matter, where- 
with they are coagulated, with medical virtues, 
and yet thofe fubftances may make the ftone 
or azoregate, whereof they are made, not to 
be heavier, but lighter in fpecie. From jet, 
which in fome parts of Europe being found in 
quarries of mines, is indeed a foffil, which is 
wont to be reckoned among ftones, and by 
many worn as a gem, [ obtained no incon- 
fiderable proportion of oil; and having weighed 
choice jet itfelf in water, I found it to be, 
bull for-bulk, to that liquor, but as 1 +83 to 1. 
And there are fome other foffils, hard as ftone, 
and polifhable as marble, from which I have 
by diftillation obtained rwo kinds of oil, where- 
of one was lighter than common water; which 
fhews, that even bituminous and light fub- 
{tances may be ingredients of a ftone: and that 
falts, which are moft of them lefs heavy in 
fpecie than white marble, may plentifully con- 
cur to the making up of ftones, I fhall have 
occafion to manifeft at the clofe of this dif 
courfe by thofe ftones, whereof we in England 
ufe to make vitriol. The foregoing reflection 
I have here touched upon, becaufe I would 
intimate to you, that ftones, that are lighter in 
{pecie than white marble, may be compounded 
of foffils, whence they may derive peculiar 
qualities, at the fame time, when I tell you, 
that in my opinion fuch ftones, asare confidera- 
bly more heavy in fpecie than marble, may af- 
ford us a {trong prefumption of their owing 
their gravity to the mixture of metalline or mi- 
neral fubftances, And this may fuffice for our 
firft argument. : 

4rg. UW, THe next fhall be taken from the 
confideration of fome phazenomena, (relating to 
medicinal {tones) which agree very well with 
our hypothefis, and will fcarcely be very well 
explicated without tt. 

AND, firft, as to tranfparent gems them- 
felves, Ihave learned by inquiry of travellers, 
that have vifited thofe parts of the Eat Indies, 
where they grow, that fometimes one fort of 
gems, fometimes another, and fometimes alfo 
diamonds themfelves, are found included ‘in the 
rocks where they are digged for, or in the 
midft of hard loofe ftones, which muft be 
broken in pieces, to take out the diamond, or 
other inclofed gem: which phenomenon will 
be hard to be accounted for, unlefs by our hy- 
pothefis ; according to which it may rational- 
ly be fuppofed, that the gem was firft formed 
either in earth, or fome other foft and eafily 
permeable fubftance, which being afterwards 
pervaded by fome petrific juice or fpirit, was 
turned into rock or loofe ftones, according as 
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the earth, and other ambient matter, chanced 


‘to be an intire and coherent mais, or divided 


into clods and other portions. And I remem- 
ber, that thé governor of an American colony, 
having fent me among other rarities, digged 
up in his country, an odd kind of mineral, 
that feemed more ponderous than at firft fight 
it promifed, I had the curiofity to break it, 
and found in it, here and there, feveral gems, 
which by their figurarion and fome other: cir- 
cumftances, were concluded to have been formed 
there, before the ambient mineral had ob- 
tained the nature it then appeared to be of. 
And in opacous ftones, it may hence happen, 
that a great lump of medicinal earth may be 
invaded and petrified after the newly men- 
tioned manner ; fo that it may not be thought 
incredible, that fome of thefe medicinal ftones 
fhould be very large in comparifon of others: 
AsI remember, that an ingenious phyfician 
told me of a fpleen-ftone, as they call them, 
in the hands of an acquaintance of his (where 
I might have feen it, if my occafions had 
permitted,) amounting to about fourfcore 
pound weight. Andon this occafion, I alfo 
remember, that even in a medicinal ftone, 
much harder and heavier than marble, and 
whereof I have feen lumps tar greater than I 
could lift; I remember, I fay, that having had 
the curiofity to caufe a pretty big piece, vio- 
lently broken off from the mafs, whereto it 
belonged, to be fawn afunder, that I might 
confider the internal textures, as far as it was 
vifible ; I found feveral empty cavities of dif- 
fering fizes and figures in the folid fubftance 
of the ftone, (which I think I have not yet 
loft :) which feems to argue, that this com- 
pact and ponderous body was made of a ftony 
nature, by the fupervening of fome petrefcent 
liquor or fpirit upon porous earth, or fome 
other confiftent fubftance. For if it had been 
a mere liquor, wherein thofe cavities muit have 
been fo many aerial bubbles ; itis not like, that 
fome of them fhould have fuch irregular 
fhapes, and that all fhould have continued, 
without einerging to the top. 

SeconpLy, our hypothefis will alfa help to 
render a reafon of what feems excecding difh- 
cult to be explicated; namely, how fome 
gems, that feem to be intire ftones, are in 
part of one colour, and in that, which is con- 
tiguous to it, of a quite differing: of which 
fort we have the fardonyx, and fome other 
epacous gems. And I have obferved the like, 
though very rarely, in diaphanous ones. For, 
according to our hypothefis, it may be faid, 
that’ a portion of matter, imbued with one of 
the tinctures of the parti-coloured gem, was 
firft- formed, and afterwards, fome petrefcent 
juice, endowed with another colour, came to 
fettlé: contiguoufly to it, and fo by accretion 
‘made up one ftone with it. I might illuftrate 
this by telling you, that though fire do make 
afar greater agitation of bodies melted by it, 
than need be fuppofed in cold petrefcent h- 
quors, yet I have found in making artificial 
gems, that by fome mifchance or error in the 
operation, the mineral pigment has richly 


" tinged one part of the tranfparent mafs, with- 


out at all imparting that colour to the very 
next.part toit; fo that if I fheuld fhew one 
of thofe I-have yet by me, you would judge 
it to confit ef two differing gems fubtlely 
glewed or faftened together, unlets you thould 
in vain try, as others have done, to difcover by 
the eye or otherwife, fome naked commifure, 
which may keep thofe fo differingly coloured 
bodies from making up one intire mafs, 

But let us leave thefe artificial gems, and 
add to what I was faying about our natu- 
ral ones, that the union of parts in thefe re- 
fulting ftones (if I may fo call them) I was 
{peaking of before, might be the more perfect, 
if the fupervening matter found not the firft 
formed itone to have attained to its full indu- 
ration: though, for aught I know, even in 
this cafe, the appofition may be fu clofe, and 
the two matters fo near of kin, that both may 
pafs for one ftone, and be polifhed both toge- 
ther, without any blemifhing difcortinuity of 
furface at thofe parts, where one would expect 
commiffures, For I have by me a lump, 
wherein there plainly appear {tones of colours 
very different from each other, that were once 
diftinét and incoherent; but by fome petre/- 
cent liquor have had all their intervals fo ex- 
quifitely filled up, that neither the touch, nor 
the artincers tool, the lump being now fawn 
afunder, difcovered any commifTures ; but the 
whole mafs bears an uniform polifh, and is 
harder than divers gems, that are worn in 
rings, readily enough itriking fire with a ftecl. 
And to conirm this the more, I fhall add, 
that in a place, where: a prying perfon of my 
acquaintance hghted on this portion of petri- 
fed matter, he found not only cther lumpe, 
but divers loofe ftones, that feemed altogether 
of the fame nature with thofe, that by the fu- 
pervention of the petrefcent liquor were united 
into {tony maffes. T have alfu. had a curious 
agat fo formed, that it feemed -highly proba- 
ble, that the opacous parts ef its matter had 
been fome thin, but not altogether contiguous, 
beds of fine clay, or earth, lying almoft pa~ 
raltel to each other (but not to the horizon) 
which by fome petrefcent liquor, that chanced 
to fettle there, was reduced to coagulate with 
it into a partly opacous and partly diaphanous 
ftone. And offuch clays or mineral earths, } 
have fometimes with pleafure obferved more 
than one or two, which, though diftin&, and 
perhaps of differing colours, were fo very thin, 
that che thicknefs of them all did fcarce ex- 
ceed an inch, nor did they always lie flat os 
harizontally, but in differing poftures, both in 
reference to the horizon, and onc another, and 
now and then the exterior ones did faccefiively 
alnioft furround the interior: and of thele thin 
couches or layers of earth, Lremember, I have 
oblerved a confiderable number within a very 
{mall compa{s of ground, I mutt not in this 
place ftay to fhew, how probable it is, thas 
much after the fame way may be explicated 
the production of divers other gems befides 
agats, as chalcedonians and jafpers, which are 
for the moft part opacous, but oftentimes have 
fome parts, that are not Jo, But I am content, 
before I go further,, to mind you, on this occa 
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fion, of what I elfewhere deliver, that by pur- 
polely calcining, without breaking, fome of 
thefe ftones, whofe greater part was diaphanous, 
J found, chat the taniparent parts turned 
white; and that iome of the thin layers, or 
couches cf mineral earth, had retained their co- 
Jour, as well as pofition, and had it much heigh- 
tened; fo that one of thefe layers, after cal- 
cination, was of a very rich and permanent red. 
And this difference of colours I obferved not 
only in layers, but in the fpecks, and irregu- 
larly fhaped clouds, if I may fo call them, of 
other colours, as greenifh, blueifh, &c. I 
might here add, that I have found fhining 
marchafites, not only in other folid ftones, but 
‘in marbles ; as alfo flints themfelves, inclofed 
in great maffes of marble, and likewife wood ; 
in ftrong ftones imployed to build a wall, and 
fhells, at leaft as was judged by their fhapes 
and fizes; in a great mafs cf ftone, that ] met 
with almoft on the top of a hill remote from 
the fea, together with divers other fuch phzeno- 
mena, which I think may probably be account- 
ed for by our hypothefis, and fcarce without it. 
But being willing to difpatch this difcourfe, and 
unwilling to intrench upon the difcourfe of the 
effects of the petrefcent juice, to which the 
confideration of thefe and divers other phzeno- 
‘mena, to be met with about the generation of 
ftones and petrified bodies, efpecially in wombs 
or molds, more properly belongs; I fhall in 


‘this place only point back to one obfervation, _ 


and anfwer one objection; becaufe both of 
them are pertinent to our prefent difcourfe. 

Tue obfervation is this: that even in tran- 
{parent gems, and which is more, of the felf- 
iame fpecies, I have fometimcs taken notice of 
fuch an aggeneration, or accretion of ftones, 
to .one another, as argues their having been 
produced at feveral times. For proof of this, 
‘Eneed no more than refer you to what I have not 
Jong fince related about thofe Cornifh diamonds, 
wherein, fometimes, a leffer ftone, though geo- 
metrically fhaped, was found in good part in- 
clofed in a greater, as well as in part alfo extant 
above it. Whence I argued, that the produc- 
tion of this aggregate of two cryftalline bo- 
dies was not made all at once, but fucceffively, 
and that the leffer was Arf{t formed, which I fhall 
now confirm by this confideration. That if 
the greater ftone had been firft hardened, the 
matter of the leffer muft only have exteriourly 
ftuck to it, and been, as it were, imboffed upon 
‘it; but could not have made itfelf, in the fub- 
{tance of the greater, a bed or mold, efpecially 
of fuch a geometrical figure as itfelf had not 
yet received. 

Anp though this fucceffive generation of 
the parts, of feemingly entire gems, may ap- 
pear to you fomewhat new and ftrange; yet, 
that its fitnefs and requifitenefs to explain the 
foregoing phenomena, and others, to be here- 
‘after mentioned, may the more recommend it 
to you; I fhall add, that, perhaps, you may 
be affifted to conceive, if not invited to admit 
it, by a mechanical illuftration. For we fee, 
in divers chymical folutions, as of falts, and 
other bodies, that there are certain flages, or 
feriods, of coagulation ; fo that, when fuch 
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a quantity of the fuperfluous moifture is ex- 
haled, efpecially upon any confiderable re- 
frigeration, or other favourable circumftance, 
thofe particles, that are moft difpofed to coagu- 
Jation, will convene, and fhoot into cryftals ; 
after which, no more will do fo, till a farther 
and more confiderable evaporation of the water, 
or other menftruum, be made; upon which 
will enfue a new cryftallization of the parts. 
And I can fhew you the productions of a 
metalline, but uncommon folution, that I fo 
made in an appropriated liquor ; that the firft 
fhooting afforded me a layer, or bed of curi- 
oufly figured cryftals, and the following an- 
other layer of fine cryftalline bodies, that have 
faftened themfelves to the former, but differ 
notably from them, both in fhape and pofture. 
And in this experiment, the diffolved body was 
but one, as the menftruum but one; but if 
there be a diverfity of nature in the liquors, that 
make up a menftruum, or in the bodies, that 
are diffolved in it, fome of the corpufcles may 
convene either a part with thofe of the fame 
nature, or mingled with thofe of and differing 
nature s but yet at the fame time, and fo make 
up cryftals, of a compounded nature ; and fome 
of them may convene with homogenecus par- 
ticles, but at differing times; and fo mifs of 
fuch uniformity as might elfe appear in their 
concretions. Which may be illuftrated by 
what I have elfewhere related concerning the 
cryftallizations of falt-petre, and fea-falt, dif- 
folved together in ordinary water; where, moft 
commonly, grains of falr of refulting figures 
are produced ; and alfo a confiderable part of 
the fea-falt coagulates in the form of imperfect 
cubes, about the bottom, before the nitroys 
corpufcles fhoot into cryftals of their own al- 
moft prifmatical fhape. And I might further 
add, that it matters not, whether the fuper- 
fluous water be wafted .by exhalation, or by 
being drained by a body fit to foak it up; as 
we have had occafion to obferve in accelerating 
the cryftallization of fome bodies, where I was 
not willing to employ the heat of the fire, by 
placing, underneath the folution, dried earth, 
or fome other porous and foaking body. 
WitH fome analogy to fuch inftances as 
thefe, we may conceive, that where there are 
petrefcent liquors, mingled with common wa- 
ter, there may, by divers accidents, and par- 
ticularly an hot fummer, a jufficient difcharge 
be made of the fuperfluous moifture, to make 
the more difpofed parts of the petrefcent liquor 
to coagulate’; and afterwards the coagulation may 
be fulpended, either by the fupervening of a 
colder feafon, as Winter; or even in furnmer 
itfelf,‘ by a plentiful rain, or the effect of it, 
a land flood, which might check the progrefs 
of coalitions, by 6vermuch diluting the liquor, 
that might elfe have turned into ftone. Not 
to mention, that trial hath affured me, that 
there are bodies, and thofe of very differing 


‘kinds, which will, in tract of time, efpeciaily 


if their coalition be furthered by cold weather, 
coagiilate, ‘after they have long remained ina 
fluid form, though the water, or other men- 
ftruum, by being inclofed in {topped glaffes, be 
kept from wafting. And firce the —_ har- 

ours 
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bours differing kinds of thefe liquors, as I have 
elfewhere fhewn, and divers of them may be 
copioufly impregnated, fome of them with one 
fort of mineral, and fome with another; we 
may conceive, that they may have diftinct 
periods for their refpective coalitions, and yet 
may ftick clofe to one anather ; in regard that, 
though in our chemical cry{tallizations the ar- 
tifts are wont to take out of the veficl, what 
fhoots the firft time, before they make a frefh 
exhalation of the water for a new cryftalliza- 
tion, and by this means, have the coagulated 
bodies, that they obtain at one time, more 
uniformly fhaped; yet ui the hollow recepta- 
cles, that the earth affords to petrefcent li- 
quors, the veffels continuing the fame from 
firft to laft, the uniformity of the bodies pro- 
duced by coalitions, made at feveral times, muft 
be lefs regular ; and the manifeft accretions or 
agoregates of coalefcent bodies muft, in all 
likelihood, be more frequent. And accord- 
ingly having fuffered the exhaling of fome ll- 
quors to be continued in the fame veffel, I had 
coalitions of very differing bodies at the bot- 
tom. , 

Wuat I was not long fince faying, makes 
me remember, that, in order to a fatisfaction, 
which the event gave me, of the conjectures I 
had about the fucceffive concretions of fome 
folid fire-ftones, that were not fufpected to be 
other than intire and uniform mafies, I caufed 
two or three, that I thought likely, and of 
very different fizes and fhapes, and brought 
from diftant places, to be warily broken: 
which trial gave me the pleafure of obferving, 
that the internal texture of the leaft of thefe 
minerals, which was almoft {pherical, was very 
differing from that of the more internal part of 
the fubftance of the ftone; and that in the 
other, and greateft mineral, there was a little 
elobulous ftone, that manifeftly was not of the 
fame piece with the invironing mafs, differing 
from it not only in texture, but here and there 
by a difcernable commiffure: though in moft 
places, their adhefion was fo ftrict, that we 
could not make any feparation of the two mi- 
nerals by the help of this commiffure. The 
ereateft part of this double fire-ftone I keep by 
me, and fhall fay nothing of what I further 
obferved in it, having mentioned what I faid 
already but upon the by. | 

{ might add, that in fome circumftances, 
even in clofe veffels, and therefore without 


any manifeft exhalation of the water, or other: 


menftruum, and, fometimes, where the diffol- 
ved body was homogeneous, I have, in pro- 
cefs of time, had coagulations, where the laft 
formed cryftals feemed plainly to have been 
generated by way of accretion to the firft. 
Difficulty, Having now done with my ob- 
fervation, I fhal] endeavour to clear a grand 
difficulty, which, I forefee, may be objected 
againft our hypothefis ; namely, that thefe ag- 
generations, if I may fo call them, of medici- 
nal, and other ftones, are fometimes found in 
places, where there are no petrifying {prings, 
and perhaps, no {prings, or other waters at 
all; nay, little or ncthing but quarries, or a- 
ther maffes of fflone = | 
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Bur to this J aniwer, farft, that 1f we ad- 
mit of the relations, that I elfewhere mentiorr 
out of approved authors, concerning men and 
beaits turned into ftone by a petrifying fpirit, 
that fuddenly invaded them, it will not be ab- 
folutely neceffary, that there fhould be any pe- 
trefcent fprings, or other-like water, to pro- 
duce fuch minerals, as we are now difcourfing 
of. _ 

SECONDLY, for aught has yet been fhewn 
to the contrary, we may fuppofe, that rain- 
water does fometimes bring along with it fuch 
petrifying particles, as may ferve our turn. In 
confirmation whereof, I fhall add, that having, 
of a learned and judicious perfon, enquired after 
divers particulars relating to a famous bath, by 
him vifited in Hungary, whofe water abounds 
very much with petrefcent particles, over which 
there is very high building ereéted, I learned 
by his anfwers, among other remarkable things, 
that to the roof, or upper part of this tall ftruc- 
ture, there were faftened many long ftony 
concretions, (like thofe wont to be employed to 
adorn grotto’s) which he affirmed to be, from 
time to time, generated there; not, as I at firft 
fufpected, by the dafhing up of any drops of 
water; (which he averred, could not reach any 
thing near fo nigh) but by the copious petri- 
fic tteams, that being there checked in their 
afcent, did, according to their natural propen- 
fity, coagulate into ftone. Whether this rela- 
tion may warrant me to guefs, that, in fome 
places, {tones may be generated, without the 
help either of rain, or {prings, by the afcent 
of petrific particles, in the form of exhalations, 
from fome lower parts of the earth ; which 
exhalations, fuffering the lighter fteams, that 
accompanied them to exhale, may operate up- 
on fome difpofed materials, that they find in 
their way, and turn them into ftone: whe- 
ther, I fay, this narrative may well fuggeft this 
conjecture, I fhall not now ftay to examine, 
though the earthy, and fometimes fulphureous 
fediments, that have been obferved at the bot- 


‘tom of rain-waters, fuffered to fettle in clean 


veffels, may feem to favour it; and though 
alfo I might illuftrate it by what I obferved in 
a bottle of diftilled liquor, whereof no part 
would naturally afcend in a dry form ; for hav- 
ing kept this vial well ftopped in a fafe anc 
quiet place for a year or two, I obferved, that 
the afcending {teams had quite pervaded the 
cork, and had formed, at the top of it, nu- 
merous whittfh ftiriee, flender, but of a length, 

that furprized me, | 
THIRDLY, there is no neceffity, that in 
all foils, where petrific waters are to be met 
with, there fhould be petrifying fprings, at leaft 
above ground. For J have caufed to be digged 
{tore of figured and tranfparene ftones in a 
certain earth, that lay upon the upper part of 
a rock, and feemed to be a very dry foil: per- 
haps you will allow me to tell you,, that I have, 
by pouring a folution of ftony ftiria, made 
with fpirit of verdigreale, on a convenient 
quantity of bolus Armenus, and fuffering the 
foft mixture to remain in a glafs in che open 
air, till the fuperhuous moifture was exhaled ; 
I have, I fay, by this means, imitated in ‘a 
little, 
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httle, what I have been now relating, and found 
fmall, but untinged and figured cryftals dif- 
perfed through the little cavities of the red 
earth. But it will be more confiderable to our 
prefent purpofe to add, that the faireft and 
hardeft petrifying wood, that I ever had, or 
tried, was taken up by an ingenious perfon | 
employed in a plot of fandy ground, where 
he could not find any petrifying, or fo much 
as any other {pring. To which I know not 
whether I fhould add, that fuppofing the ground 
to have been once moiftened with a lapidefcent 
liquor, whether brought thither by fprings, or 
any other way 3; one may, in our hypothefis, 
well enough account for this difficult phezeno- 
menon, that now and then, not only in the 
furface of the ground, and perhaps upon rocks 
themfelves, there are found aggregates of 
ficured ftones, that feem to grow upwards, as 
it were, from a root ; which much puzzle men 
to know how they came there, and may in- 
cline them to their opinion, who afcribe vege- 
tations to ftones. But to this may be anfwered, 
that many of the concretions, we are fpeak- 
ing of, may have been formed in wombs, that 
lay, though not deep, yet under ground, or 
in fhallow cavities in the furface of it ; and that 
after their formation, the loofer earth, that fur- 
rounded them, may have been wafhed off by 
rains, blown off by winds, or otherwife re- 
moved, leaving behind them thefe {tones that 
adhered firmly toa folid body. Befides, if I 
had time, I think it were poffible for me to 
fhew, that ftony concretions might be pro- 
duced by the mechanical action of the air, up- 
on the ftony particles that fucceffively apply 
themfclves to the matter, that firft begins to 
coagulate, when they are ready to be forfaken 
by the moifture, that accompanied thofe par- 
ticles, and was neceffary to their due applica- 
tion to the cafual rudiments (which pafs for 
roots) in imitation whereof, I have, more than 
once, obtained both from faline and ftony fo- 
lutions, dry tufts of prettily fieured, and dia- 
phanous or white, but very flender, ftiria, if 
I may fo call them, that feemed to grow out 
of the folid glafs, and made men wonder how 
they came thither, no water, or other liquor, 
appearing near them. 

FourTHLy, It may very well happen, 
that the petrefcent liquor may be fo mingled 
and diluted with ordinary water, as not to be 
diftinguifhed from it by the gencrality of men, 
nor to be capable of difclofing it felf by its ef- 
fects, till either by the copious exhalation of 
the common water, or by fome peculiar ad- 
vantages, it has to operate upon bodies, it has 
opportunity todifcover it felt. On which oc- 
cafion I fhall add, that there is a Jake in the 
North of Jreland,. wherein I could never hear 
but that fifhes lived as well as in other lakes, 
and yet there are fome rocks near the bottom 
of it, to which there faften themfelves divers 
miaffes and other pieces of a finely figured fub- 
ftance, and tranfparent as cryltal; of which 
an eminent perfon, the chief owner of the 
lake, prefented me with fome, and promifed 
me more. Now, if we fuppofe, that either 
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by {iprings of petrefcent water, or by rains, 
or by fubterraneal fteams, or otherwife, wa- 
ters, refting in any hollow place, though upon 
the top of rocks and mountains, fhall be fuf- 
ficiently impregnated with petrifick particles ; 
and that afterwards, in procefs of time, the merely 
aqueous parts fhall be, by degrees, by the heat 
of the fun, the foaking of the grounds, the 
winds, or the continual aétion of the air, 
brought to exhale away in the form of va- 
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pours, the petrifick particles, which are not fo 


volatile, will turn the foil beneath them, and 
on the fides of them, as far as the fphere of 
there activity reaches, into ftone harder or 
fofter, of this or that kind, according to the 
particular nature of the petrefcent liquors, and 
the ftructure and other difpofitions of the foil 
they invade: in which foil, if there chance 
to be lodged bodies heterogencous to it, whe- 
ther vegetable fubftances, as roots, pieces of 
wood, gums, &c. or the whole bodies of ani- 
mals, as toads, frogs, ferpents, fifhes, &c. or 
their parts, as fhells, bones, &c. or minerals 
of an open texture, as boles, unripe ores ; or 
elfe gems or {tones of another kind already 
formed ; any of thefe things, or any other, 
that fhall chance to be lodged there, muft be 
found either petrified, or enclofed in ftone, 
whenthis changed and hardened fhall foilcometo 
be broken up. Nor is itat all neceffary, that 
this petrefaction of the extraneous bodies, and 
of the foil or bed, be made at once ; for it 
may well be made fucceffively at feveral times, 
according as fome parts of the petrefcent juice 
happen to be more copious and penetrant, and 
confequently more fit to be foaked in further 
than other. For, as the poroufnefs happens 
to be greater in one part of the foil, than in 
another; or, as the texture and difpofition of 
particular bodies, lodged in the earth, gives 
advantage to the petritick particles to work on 
fome of them, fooner, or in a differing man- 
ner, than in others ; fo the induration of the 
pervaded matters may be very unequally made 
in point of time, as well as in other circum- 
ftance. So that (to omit many other things 
explicable by it) we may, from what hath 
been already delivered, conceive, how it may 
happen, that medical ftones of very differing 
colours, confiftencies, and operations (of which 
I have feveral by me, that I had from the fame 
mineral mafs,) may be generated, and feem en- 
tire bodies, though (as in fome, that I found) 
the difference is great, that fo one part of the 
medical ftone ts dark, heavy, and opacous, 
and the other much lighter, tranfparent, and 
quite otherwife coloured. And upon the fame 
principle may be explained, what I lately men- 
tioned to you about the finding of diamonds 
enclofed in loofe ftones and even in rocks; of 
which we have credible teftimony: which 
feems not more ftrange to me than a {ftone, 
which I have by me, which being a kind of 
pebble, contains in it a perfectly fhaped fer- 
pent, coiled up, but without a head, which 
appears to have been formed before the ftone, 


.In regard, that in the upper and lower parts 


of the folid ftone there are cavities left, which 
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together make up one cavity, juft of the fize 
and fhape of the contained body ; to which, 
as it was eafy for the matter of the ftone, 
whilft it was yet a foft body, to accommodate 
it felf exaétly ; fo it is fcarce conceivable, how, 
if the pebble had been firft formed, the in- 
clofed animal, if ic were one, or the matter 
whereof the feeming animal afterwards was 
formed, fhould not only get in; but finda 
cavity fo curioufly fhaped, and fo fitted to 
its bulk. And that this variety was produced 
at feveral times, might be further argued from 
this, that the feeming ferpent is plainly of ano- 
ther and clearer kind of ftone, than that of 
the mold, that encompaffes it; and of the 
mold itfelf, one part, contiguous to the in- 
cluded body, is whitifh, and abounds in fhining 
grains or flakes ; in both which, it differs 
from the other and far greater part. And 
now it will be time to haften to the 

FirtH confideration, which 1s, that, for 
aught ‘we know, in thofe very places, where 
now there is nothing to be feen but loofe 
ftones, and perhaps beds of ftones themfelves, 
that in thofe very places, I fay, there may in 
times paft have been petrefcent liquors, whe- 
ther ftagnant or running. For, I elfewhere * 
fhew, (to another purpofe) that earth-quakes, 
inundations of feas and rivers, finkings of 
ground, encroachments of the land on the 
water, fiery eruptions and other fuch accidents, 
(fome related by authentick authors, and others 
happening in our own times, in places, fome 
of which I had the curiofity to fee) have, a- 
mong other odd effects, been able to dry or 
choke up pools and lakes, and to ftop and 
quite divert the courfe, not only of fprings, 
but of rivers, fo as to leave no foot{teps of 
them, where they plentifully flowed before. 
Upon the fcore of which tranfpofitions of no- 
table quantities of terreftrial matter, and other 
great changes of the ftructure and difpofition 
of the foil in divers places, it may well be 
fufpected, that*the ftony wombs or molds, 
wherein the above-mentioned bodies were 
found, were heretofore, at fome time or other, 
of a muddy or earthy nature, and were recep- 
tacles of petrefcent liquors, which, at feveral 
times, turned the whole mafs of the foil into 
{tone, before the fprings, or other waters, con- 
taining the petrific liquors or fpirits,~vere quite 
confumed, or had their courfe altogether di- 
verted. But though I could fay much more 
to confirm and apply this, and the preceding 
confiderations, yet having {pent fo much of my 
time already, I fhall not only leave all that un- 
faid, but, to make fome amends for having 
ftaid fo long in clearing this difficulty, I fhall 
do little more than name the two remaining ar- 

ments. 

Arg. WI. It agrees very well with what we 
were formerly faying (in the firft argument) 
about the great fpecific gravity of fuch, as the 
newly-mentioned ftones, in comparifon of that 
of white marble, or tranfparent pebbles, that 
it fhould be poffible, out of thofe minerals, to 
extract fome of that fubftance, whether me- 


talline, or of kin to it; upon whofe account, 
I told you, I fuppofed them to be fo ponde- 
rous. And accordingly we have, by appropri- 
ated menftruums, obtained from the foremen- 
tioned bodies, and not from thofe only, folu- 
tions or tinctures, which, hefides that, by their 
colour or tafte, they difcover themfelves, did, 
upon their being dropped upon a folution of 
galls, or fome other convenient liquor, or up- 
on their being examined by other proper ways, 
produce fuch changes of colour, or fuch de- 
terminate phenomena, as argued them to a- 
bound with metalline, or mineral particles, 
which, for the moft part of them, I obferved 
to be of a vitriolate nature; fo I found, that 
the folution of a blood-f{tone, which tafted very 
rough upon the tongue, would, with the in- 
fufion of galls, make an inky mixture; and 
the like would alfo be made with load-ftone, 
emery, marchafites, &c. opened with corro- 
five menftruums. But the folution of lapis ca- 
Jaminaris, which was of a golden colour, did 
not operate like the reft on the infufion of 
galls; but yet by its tafte, as well as colour, 
fufficiently difcovered itfelf to have copioufly 
impregnated the menftruum. And now the 
mention of lapis calaminaris minds me, to take 
thence an inftance of what I lately intimared, 
that there may be other ways, befides that of 
diffolutions in proper menftruums, to fhew, 
that fome medicinal ftones participate of me- 
talline and mineral fubftances. For it is by 
melting lapis calaminaris with copper, and 
keeping them together for a competent while 
in fufion,. that brafs is made; wherein the red 
colour of the copper is changed into a golden 
one, and the abfolute weight (for I fpeak not 
of the fpecific gravity) confiderably increafed. 
Nor is this the only mineral ftone, from which 
I have, by a way quite differing from thofe J 
have yet mentioned, namely, with running 
mercury, obtained a metalline fubftance. And 
though native cinabar, ufed by eminent phy- 
ficians both inwardly and outwardly, be look- 
ed upon by the vulgar as only a red ftone; yet 
it is known, in the quick-filver mines of 
Friuli, and fome other places where it abounds, 
that it is a mercurial ore, whence, by vehe- 
ment fires, they diftil running mercury, which 
we, by moderate ones, have foretimes done. 

But here perhaps it may not be improper 
to tell you, that though before any admoni- 
tion given men of the expediency of examin- 
ing {tones hydroftatically, I could not receive 
from others, yet I made againft myfelf the fol- 
lowing objection, that there are fome ftones, 
to which ufeful qualities are afcribed, which 
are either not at all heavier in fpecie, than is 
requifite for a ftone, as fuch, to be ; or fo lit- 
tle heavier, that it is no way likely, that me- 
tals, or any fuch ponderous minerals, fhould 
contribute either to their productions, or their 
virtues. 

In anfwer whereunto; I thought it may be 
{aid in the firft place, that our hypothefis does 
no way oblige us to deny, that there may be 
{uch ftones. For though it afcribes the virtues 
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of moit gems, and metalline ftones, to the me- 
talline aud ponderous mineral fubftances they 
partake of, yet the conceffion agrees very well 
with our doctrine ; which (as will in the fourth 
argument be more manifefted) {peaks in ge- 
neral, when it teaches, that the virtues of 
ftones may, in many cafes, depend upon their 
confifting not of a pure petrefcent iubftance, 
but a fubftance impregnated with other mine- 
rals, which, though moft commonly they 
prove Specifically heavier than the petrefcent 
matter, as fuch, without being the lefs, but 
rather, in fome cafes, the more operative and 
communicative of their virtues ; yet, in divers 
{tony concretions, the adventitious ingredients 
may be fpecifically lighter than the genuine 
mattcr of the {tone ; as may be eafily gathered 
from fome pafflages of the foregoing difcourfe. 
For, not here to urge, that divers bodies, that 
pafs for ftones, do abound in particles of falt, 
which may be much lefs heavy than pure 
{tone of the like bulk, I have obferved, that 
fome other hard foffils abound with a kind of 
bitumen, which, when by diftillation brought 
to an oil, is much lefs heavy than a ftone of 
the fame bulk. And, as I remember, I have 
had fome portions of fuch oil, that would fwim 
even upon common water ; and, left this fhould 
be afcribed to the fubtilization, the bitumen re- 
ceived from the fire, I will add, that having 
hydroftatically weighed a piece of good afphal- 
tum, we found it to be to water of the fame 
buik, but as 1, and fomewhat lefs than +$ to 1. 
Which was within a tenth of the proportion 
to water of a ftony, though a bituminous fof- 
fil, commonly called in Euglaud Scots-coal. 
And becaufe fulphur, as well as bitumen, is very 
apt, (and indeed, more apt, than before trial I 
expected) by even a moderate heat, or attrition 
to diffule its fteams, (ufually rank-fcented e- 
nough)I fhall add, that there are variety of hard 
ftones, which abound in fulphur : (witnefs, that 
in fome places they obtain their common brim- 
{tone by fublinaation thence) and yet having 
weighed a roll of brimftone in air and water, 
I found it to be but a fraction fcarce worth 
mentioning above double its weight to the li- 
quor ; which fhews it to be much lighter in 
fpecie than cryftal itfelf. 

AN improvement ef this firft anfwer may 
furnifh me with the fecond. For hence we 
may argue, that it is not impoffible, that the 
principal virtue of a light medical f{tone, fhould 
be due to fome mixture of a metalline, or the 
like ponderous fubftance ; fince, if fome of the 
ingredients, that are plentifully mixed with 
the true ftony matter, be of the lighter fort, 
though there be alfo fome metalline, or other 
heavy mineral particles mingled with the fame 
matter, yet the fpecific leviry of the one, in 
comparifon of this matter, may compenfate 
the fpecific gravity of the other ; and they 
may all compofe a ftone, either lefs, or not 
more. ponderous than white marble. On which 
occafion, I remember, not only that I found 
a blackifh Eaft-Indian flint, and likewife a 
black Enghfh one, to have to water not full 
the proportion of 273 to one, but that one of 
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of the firft pieces of black marble, that I ex- 
amined hydroftatically, was found, notwith- 
ftanding the darknefs of its colour, to be to 
water of the fame bulk, fcarce any thing more 
than 2 72 to 1, which, you may remember, was 
the proportion I found between white marble 
and water, unlefs we fhould fay, that this 
blacknefs of colour proceeded, not fo much 
from any grofs bituminous matter, imbodied 
with that of the ftone, but from fome minc- 
ral {moke that had pervaded it. And this puts 
me in mind of fpeaking fomething in this 
place about what might properly enough have 
been difcourfed of long ago. 

WHEREFORE I fhall fubjoin, in the third 
place, that it feems not impoflible, that the 
matter, which medical ftones are made of, may, 
before it comes to be hardened, derive various 
colours, and be imbued with virtues by fub- 
terraneal exhalations, and other ftcams. This, 
I fear, you will think fomewhat ftrange, and 
therefore I fhall briefly endeavour to confirm 
it by the mention of two or three particulars. 

TuHaT then many places of the lower part 
of the earth emit copious exhalations into the 
upper, and even into the air itfelf, 1 prefume 
you will grant, and J have elfewhere proved 
it. That alfo fuch fubterraneal fteams will 
eafily mingle with liquors, and imbue them 
with their own qualities, may be inferred from 
the experiment of mixing the gas (as the 
Helmontians call it) or the fcarce coagulable 
fumes of kindled and extinguifhed brimftone, 
with wine, .which is thereby long preferved. 
And I have elfewhere mentioned, how I have 
incorporated this {moke with other hquors, 
wherein I obferved its operations to be no- 
table. 

TuatT beneath the furface of the earth 
there may be fulphureous, and other fteams, 
that may be plentifully mixed with water, and 
there, in likelihood, with lapidefcent liquors, I 
have alfo manifefted in another * difcourfe. 

THat quick-filver may be in part refolved 
into fumes by lefs fires than many of thofe that 
burn under ground, will be readily acknow- 
ledged by chemifts and gilders, and is obvious 
in the fumigations employed in the cure of the 
lues venerea. And that mercury may in the 
bowels of the earth be fo difguifed, and well 
mixed with itony matter, as to fuffer the whole 
concretion to pafs for ftone, may be obferved 
in fome kind of native cinaber. 

Tuat fal armoniac, of which, in fome 
places, there is to be dug up ftore, will, with 
a moderate fire, be made to afcend in form of 
exhalations, is vulgarly known, as to the fac- 
titious falt of that name ; and I have found it 
to hold in the native. That common {fal ar- 
moniac, fulphur, mercury, and tin, will be 
fublimed into a gold-like fubftance, that par- 
ticipates of moft, if not of all the ingredients, 
may appear by the account I have elfewhere 
given of the way, I ufed, in making aurum 
muficum: and that even gold itfelf, the hea- 
vieft and fixedeft of the bodies we know, may, 
by no great proportion of additament, and that 
with but a moderate fire, be made to afcend > 
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the form of fumes, or even of flame, I have 
f{everal times tried, by ways elfewhere deliver- 
ed. And that mineral exhalations may be met 
with in the bowels of the earth, is witneffed 
by the relations of divers credible perfons, con- 
verfant about minerals, that affirm themfelves 
to teftify what they write upon their own ob- 
fervation, to which fome things, that I had feen 
myfelf, did the more incline me to give cre- 
dit. And this copious afcenfion of mineral 
fumes, and even of metalline ones, may be 
much confirmed, not only by what ts written 
by profeffed chemifts, but by the learned and 
curious ‘fobannes Kentmannus, who, in the ufe- 
ful catalogue of the M@/nian foffils he had col- 
leéted, amongft the pyrite or fire-ftones, reckons 
one, whofe title is, Pumicofus, 8 ab exbala- 
tione ardenti nigro colore tinéfus ; and another, 
whofe infcription is, Coforis argenti, qui ab ex- 
halatione virofa colore cinereo eff tinétus. ‘The 
fame may be further confirmed by what I 
have fomewhere met with, as related zm termi- 
nis by the learned Cadeus, that he found in 
the territory of Modena, 

To bring this home to our purpofe, fince 
there are mineral exhalations of very differing 
kinds, difperfed in divers places under ground, 
and fince there are feveral volatile minerals, as 
arfenic, orpiment, fandarach, &c. that are 
very actively hurtful; there may be others en- 
dowed with medical qualities, and the exhala- 
tions of fuch minerals, either alone, or mixed 
with petrefcent liquors, pervading duly-dif- 
pofed earths, and boluffes, and other fluid, 
foft, or open fubftances, before their indura- 
tion, may endow them with medicinal and 
other qualities. 

Nay, when I recall to mind the old phe- 


nomena, that I have partly obferved, and part- 


ly received from credible teftimony, about the 
coalitions, mixtures, tinétures, and the ema- 
nations, as it were of thofe tinctures; in metal- 
Jine, flony, and other foffile concretions; I 
dare not peremptorily deny, but that, even after 
fubterraneal bodies have obtained a confidera- 
ble degree of induration, and perhaps great e- 
nough to make them pafs for ftony ones, there 
may be fubterraneal {teams fubtle enough to 
penetrate, tinge, and otherwife impregnate 
them. Which you would think the lefs im- 
poffible, if you reflect upon what I juft now 
related out of Kentman; and efpecially, if I 
had time to add here, what I remember T elfe- 
where delivered about my trials to tinge native 
cryftal with differing colours, by the fumes of 
volatile minerals, And that a very {mall pro- 
portion of a metalline fubftance, refolved into 
minute particles, may fuffice to impart a tinc- 
ture'to a greater quantity of other matter duly 
difpofed, may appear, by thofe factitious gems, 
wherein, with three or four grains of a {kilfully 
calcined metal, or fome fuch mineral pigment, 
we may give the colour of a natural gem to a 
whole ounce, or more, of vitrified matter. 
And I remember, that in fubtiler fluids, I have 
made the inftance by vaft odds more confpicu- 
ous, having tinged with one grain, or lefs, of 
a prepared metal, as gold or copper, as much 
fucceffively generatied phlegm, as, if it could 
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have been all preferved, would have amounted 
to a bulky lump of deeply-coloured matter. 

But your allowing the hefitancy I have ex- 
preffed in this laft paragragh is not neceffaty 
to my prefent purpofe; wherefore I fhall not 
borrow any thing to countenance it from ano- 
ther paper, but pafs on to what remains. 

4rg. IV. Tue laft thing, that I fhall re- 
prefent to fhew, that the virtues of opacous 
gems, and medicinal ftones, may be more ea- 
fily, than thofe of tranfparent ones, accounted 
for in our hypothefis, is this, that the main in- 
gredients, whereof many fuch opacous ftones 
confift, were complete mineral: bodies before 
they became ftones ; fome of them having been 
medicinal boluffes, or the like earths ; fome 
earths abounding with metalline or mineral jui- 
ces; fome, ores of metals, or minerals of kin 
to metals ; and fome, in fine bodies of other 
forts, or natures, differing from thefe and one 
another. For all thefe feveral kinds of foffils 
may, by the fupervening and pervafion of pe- 
trific {pirits, be turned into ftone; and con- 
fequently retain many of the virtues, they 
were indowed with by the mineral corpufcles, 
that had copioufly, either under the form of 
liquors, or exhalations, impregnated them, 
whilft they were yet earths, or other bodies of 
a more open or penetrable texture. 

J might illuftrate this by the way I elfewhere 
mention, whereby I made fuch mixtures, even 
of ftony and metalline ingredients, that, not- 
withftanding their coalition, were tranfparent; 
though you will grant that to be more difficult, 
than to compound fuch concretions when one 
is allowed to make them opacous. 

But here [ muft obviate an objection, which 
I forefee may be made againft our prefent 
fourth argument, unto which, even what I 
have been now faying, may afford a rife. For 
fince it feems by our dottrine, that gems may 
be but magifteries, and confequently but fuch 
compofitions, as, though made in the bowels of 
the earth, might be made or fmitated by hn- 
man fkill, it may feem very improbable to 
many, that bodies fo near of kin to artificial 
ones fhould be endowed with fuch peculiar, 
and, fome of them, with fuch ftrange virtues, 
as are afcribed to divers gems, and are thouglit 
to be capable of flowing only from certain fub- 
{tantial forms, and thofe very noble ones too. 

To this I might reply, that I admit not 
any fuch imaginary beings as the Peripatetic 
forms, which, I fear, they will never be able 
to demonftrate. But to avoid unneceflary dif- 
putes, I will rather anfwer in fhort, that fuch 
compofitions, as are called artificial, may, for 
all that, be endowed with great virtues, and 
fuch as are called fpecific ; witnefs the virtues 
of many chemical preparations, even of thofe, 
that are ufed by phyficians of all forts. And 
left you fhould think, I need to fly to chemi- 
{try, of which fome learned men are pleafed 
to have a great diftafte, I will name a couple 


‘of inftances out of Galen himfelf; the one is 
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poifon. infufed by the biting of a. mad dog, 
than he does either to the fifh itfelf unburned, 
or to any medicine of nature’s own providing ; 
and I hope, you will grant a virtue of that 
kind and degree, to be fpecific enough. My 
other inftance fhall be taken from treacle, 
which, though allowedly a factitious body, and 
confifting of I know not how many ingredi- 
ents fhuffled together, was yet, in the days of 
Galen, to whom a book is attributed about it, 
and ever fince has been, the famoufeft antidote, 
in thefe parts of the world, and has been cele- 
brated, notonly for its alexipharmical virtues, 
which alone are fufficient to intitle it to fpeci- 
fic ones, but for divers others, which are ge- 
nerally afcribed to it, fome indeed upon the 
{core of manifeft, but others alfo upon that of 
occult qualities. 

Tue objection being thus difpatched, we 
may return to our medicinal ftones, about 
which I fhall venture to add, that, according to 
our way of explicating the production of 
them, a not impoffible folution may be offered 
of this difficult phenomenon; that fome- 
times ftones, that are thought, without {cruple, 
to be of the fame kind (as hath been particu- 
larly obferved by learned men of the lapis ne- 
phriticus) are of fuch different qualifications, 
that fome of them prove very confiderable re- 
mediesin cafes, where others prove almoft ut- 
terly ineffectual. AndI have obferved alfo, 
though very rarely, that a medical {tone may 
have virtues, that are taught to be the proper- 
ties of ftones of another kind. For, according 
to our hypothefis, when the ftony matter is 
impregnated, as it ought to be, with thofe mi- 
nerals, that in the ordinary courfe of nature 
belong to that fpecies, its virtue will be fuch, 
as it fhould be for kind, but for degree may 
be very various, an{werable to the plenty, pu- 
rity, fubtlety, 8cc. of the mineral, that im- 
pregnates it. But if the ftony matter chance 
to be inbued with fome other fubftance of a 
contrary nature, though, perhaps, the propor- 
tion of it may be fo fmall, and the colour of 
it fuch, as not to make an alteration in the 
ftone obvious to fenfe, and great enough to 
make it judged to be of another fpecies; yet 
it may fo vitiate the matter, wherein its ex- 
pected quality refides, or check and infringe 
its operations, as not to leave the ftone any 
confiderable degree of virtue. And on the 
other fide, if it happen, that the mineral cor- 
pulcles, that are wont to impart a certain vir- 
tue to the ftony matter of one gem, fhould, 
by fome lucky hit, be fo united with that of 
another fort of gems (of which cafe I former- 
ly gave an inftance in green diamonds) though 
the quantity of this unufual ingredient may be 
but very fmall, yet, if its efficacy be great, it 
may innoble the ftone with a notable degree 
of fome fuch virtue, as is firppofed not to be- 
long to that fpecies, but to another. 

Anp on this occafion I fhall add, that I 
know a gentleman, a profeffed {cholar, who to 
the eye feems to be of a complexion extradrdi- 
narily fanguine: this perfon was for a long time 
fo troubled with exceffive bleedings at the 
nofe, that, notwithftanding all the remedies 
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he could procure in an academy.of phyfick, 
where he lived, he was divers times brought 
to death’s door; till at length his cafe growing 
very famous, there was fent him by an ancient 
gentlewoman a blood-ftone, about the big- 
nefs of a pigeon’segg, with an affurance, that 
it had done fcarce credible curesin his difeafe, 
by being worn about the patient’s neck. Up- 
on the ufe of this ftone he quickly recovered 
his health, and had long enjoyed it, when. I 
converfed with him, but yet fo, that when he 
left it off any confiderable time, his diftemper 
would return. And when I feemed to fufpeét, 
that imagination might have an intereft in the 
efficacy of this remedy, he anfwered, that he 
was very well fatisfied of the negative; and 
particularly upon this trial, that he had, by 
the hands of a third perfon, that lived not far 
off, and whom he named to me, ftopped a 
hemorrhage in a neighbouring gentlewoman, 
whom the violence of the diftemper kept from 
knowing, that any thing had been applied to 
her, tilla pretty while after the blood was 
ftanched. I fhall not here mention other in- 
ftances, though very remarkable, of the effi- 
cacy of this ftone, which I had, both from the 
gentleman himfelf, and an intimate friend of 
his, who is a very learned man and a phyfi- 
cian; becaufe I have faid enough to make it 
feafonable for me to tell you, that notwith- 
ftanding all the odd operations of this ftone, 
when I came to look upon it, it was fo differ- 
ing in colour and texture from what I ex- 
pected, that I fhould have taken it much ra- 
ther for a gem of fome other fpecies, than a 
blood-ftone. 

To confirm fome of the particulars com- 
prized in this our fourth argument, and fhew 
the variety, and fometimes great plenty of mi- 
neral and other fubterraneal matters, that may 
concur to the compofition of bodies, that pafs 
for ftones; I fhall obferve, that the fubtilry 
and penetrancy of fome liquors, if duly con- 
fidered, may evince it to be poffible, that fuch 
bodies fhould be petrified by them, and with 
them, as may in part confift of animal and ve- 
getable fubftances, as in petrified fkulls, bones, 
and pieces of wood: and we fee, that foft 
ftone, which is plentifully found near Naples, 
and commonly called the lapis lyncurius, being 
rubbed a little and moiftened with water, and 
then expofed to the fun in a due feafon of the 
year, will, in a very fhort time, (as eye-wit- 
neffes have affured me,) produce mufhrooms 
fit to be eaten; as if even the feminal prin- 
ciples and rudiments of vegetables may be fo 
preferved in a petrified earth, as to be able to 
difclofe themfelves, when they find an oppor- 
tunity. To which agrees well what an emi- 
nent perfon, mafter of fome of thefe ftones, 
informs me, that they now and then find them 
of a vaft bignefs, as if whole maffes of earth, 
pregnant with the prolific principles of muth- 
rooms, were, by fome fupervening, but not 
very potently hardening petrefcent liquor, 
turned into ftone. 

Anp not only there may be bolufes, fealed 
earths, and fuch like foffils, that are com- 
monly known to be medicinal, hardened into 

Rrr ftone, 
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{tone ty petrifying agents; but alfo other 
earths, fubject to be petrified, may have me- 
dicinal and fubtle particles of fuch a kind in; 
them, as fcarce any body would-expeét. But 
to omit inftances, belonging to another paper, 
I have vifited a certain clay-pit in a wafte piece 
of ground, in which, at a confiderable depth 
from the furface of the earth there lay a bed 
of clay, which by diftillation yielded fome 
acquaintances of mine a falt fo volatile anp 
{trong, and {fo differing from other fubterraneal 
falts, that my examens did not difcover the 
manifeft qualities of it without fome wonder ; 
and the owners of it (perfons curious and 
rich) did themfelves ufe it as well as give it 
in phyfick, and cryed it up for an excellent cor- 
dial, and a great opening and diaphoretic me- 
dicine. 

TuHaT fublimable falts, fulphurs, bitumens, 
(bodies, that communicate enough of their vir- 
tues,) may be met with in the bowels of the 
earth, I have elfewhere fhewn: and that fuch 
fubftances may be found in bodies that pafs for 
{tones, I have been induced to think by the 
chemical examen, that I purpofely made of 
fome fuch concretions, particularly of that folid 
and heavy one, that is commonly called fcotch- 
coal, from whence I obtained by diftillation, 
(wherein I fomewhat wondered, other mens 
curiofity did not, as far as I knew, prevent 
me, ) a good proportion of oil or liquid bitu- 
men, and no {mall number of faline particles, 
that feemed to be of an uncommon nature. 

TuatT metalline particles may concur to 
make up a body, that paffes fora medicinal 
{tone, may appear by native fulphur, which is 
it felf a compounded body, befides a good pro- 
portion of mineral earth, 

I had thoughts not to make an end of this 
difcourfe, without mentioning to you fome 
attempts, that I partly defigned, and partly 
made, to illuftrate fome paffages of it by pur- 
pofely contrived experiments, whereof fome 
were unprofperoufly, and others not altogether 


unfuccefsfully tried. But not having the miz — 
nutes of them by me, and not daring to truft 
my fingle memory in experiments fo nice, and 
fo long fince made, as thofé were, I fhall here 
put an end to your trouble ; efpecially fince at 
Jength I perceive, that the forgetfulnefs of my 
firft intended brevity has mifled me fo far be- 
yond the bounds of it into excurfions, where- 
into the unforefeen connexion of things una- 
wares engaged me, that I ftand in need both 
of your pardon and my own; of yours, for hav- 
ing exercifed your patience with a prolix dif- 
courfe; and of my own, for having receded 
from my cuftom, by contributing to that pro- 
lixity, and by expatiating upon conjectures ; 
to which the more I conform to my own 
practice, the lefs I am indulgent: though thefe 
may be the more pardonable, becaufe I have 
propofed them but as gueffes, not peremptory 
affertions, much lefs phyfical demonftrations, 
And if Ariffotle himfelf, where he gives an 
account of phenomena appearing above the 
furface of the earth, fcrupled not to think he 
had done enough, if he had fhewn, how fuch 
things may be produced; I hope it may be 
tolerable in me, who treat of things, that na- 
ture does privately in her dark and fubterra- 
neal receffes, to have offered accounts, that 
are poffible, if not probable. And yet I 
fhould have fpent much lefs of my difcourfe 
upon conjectures, if I had not feen, that they 
gave me rifes to bring in more of natural hi- 
ftory, than I could elfe decently do. But af- 
ter all this I confefs to you, (though you may 
think it a paradox) that one of the main caufes 
of the prolixity of thefe papers was my hatte, 
and that experience hath taught me, on this 
occafion (as well as on fome others) that there 
may be more truth, than there is likelihood, in 
the genteel concept of a French fecretary, 
that faid, he had written his friend a long let- 
ter, becaufe he had not leifure to write him a 
fhort one. 
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The PUBLISHER to the READER. 


needlefs to preface any thing by way 

of commendation to the following Tracts ; 

they will certainly commend themfelves 
by their own worth to the intelligent and at- 
tentive reader, who might have feen them 
fooner, if the prefs had not detained them 
longer than was expected ; fince, to the pub- 
lither’s knowledge, they were ready in the 
year 1671, except the hydroftatical difcourfe, 
and the explication of the author’s experi- 


T: will, it is prefumed, be altogether 


ment of Weighing water in water, the: for- 
mer of which was finifhed in the beginning 
of this year 1672; though the latter could 
not be fo till near the end of the fame 
year, viz. the month of February, Englifh 
ftile, becaufe the book of Mr. George Sin- 
clair’s Hydroftaticks, in which it is excepted 
againft, came not, I think, before that time 
to London; I am fure, not to the view of 
the honourable Agthor. Farewel. 
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‘Touching the RELATION betwixt 


FLAME AND AIR, 


Sentina LETTER 


Tro the Learned Publifher of the PHILOSOPHICAL 


é 


S IR, 


OU may have obferved, as well as I, 

' that fince the publifhing of the expe- 

riments I fent you touching refpira- 
tion, divers of our Jearned men have {pent 
both thoughts and difcourfes in inquiring and 
difputing, whether there refides in the heart of 
animals fuch a Ane and kindled, but mild 
fubftance, as they call a vital fame, to whofe 
prefervation, as to that of other flames, the 
air, (efpecially as it istakenin, and expelled 
ggain by- refpiration) is neceflary. This a- 
mong other confiderations, makes me think it 
feafonable (though many avocations make it 
inconvenient) to complete the performance 
of the promife I made you, by adding to the 
experiments about’ refpiration, which your 
commands have already obtained of me, thofe 
{cattered notes, that I have been able to pick 
up about the relation betwixt flame and air. 
And though, I confefs, they are very much in- 
ferior in number to the trials about refpiration : 
and, that in making them it was not fo much 
my defign to complete an entire and diftinct 
tract, though but a fmall one, of fuch experi- 
ments, as to gratify my own curiofity in the 
examining of a paradox or two, I had been 
writing about fame ; yet the noblenefs of the 
gueftion now under debate, and their perti- 
nency toit, will poMbly keep them, as few as 
they are, from being ufelefs. And that alfothey 
may be the better kept from being unwelcome, I 
have chofen to make my felf a relator of mat- 
ters of fact, without engaging with either of 
the litigant parties in a controverfy, wherein 
Tam the lefs tempted to be partial, becaufe I 
have not formerly declared my opinion about 
it, and at prefent, I fee, on either fide, per- 
fons, for whom I have ® {mall refpect and 
kindnefs. 

AND now, Sir, that you may not expect in 
the following papers fuch a number and va- 
riety of experiments, as I might perhaps be 
able to prefent you with, on fome more tra¢ta- 
ble fubject ; I fhall briefly mention to you 
fome of the chief difficulties I met with in the 
making of thcfe ; whicl: Ido the rather, that, 
if you, and your ingenious friends have a 


TRANSACTIONS. 


mind to profecute fuch trials, you may not be 
furprifed with the difficultiesI have met with ; 
but provide at leaft againft thofe forefeen ones, 
by which you will fcarce fail to be encountered. 
I fhall then inform you, that the enfuing expe- 
riments were rendered uneafy and troublefome 
to me by this ; that fome of them could not be 
conveniently done at all feafonsof the year, nor 
in any feafon in all weathers, but mutt be 
made not only in the day time, but in fun- 
fhine days. You will eafily guefs, that I 
peak of thofe experiments, that are to be 
made by the help of a burning-glafs, cafting 
the reflected or refracted beams of the fun 
upon the combuftible matter placed in the ex- 
haufted receiver: for, by reafon of the inter- 
pofition of fo thick a glafs, whereby many 
of the incident beams of light are reflected, 
and others inconveniently refracted, there is 
ordinarily requifite a clear day, and a compe- 
tent height of the fun above the horizon, and 
fometimes alfo a convenient time of the year, 
to bring fuch experiments, as we were {peak- 
ing of, to a fair trial. Not to take notice, 
that in fuch attempts there ufually intervene 
circumftantial difficulties, not fo eafy to be 
forefeen : and it not being fummer, when I 
had occafion to make the following experi- 
ments, I could make but very few with the 
fun-beams; befides that there are divers others, 
which are not that way to be made fo conve- 

niently, if at all, as by the help of the fire. 
But though the trials of this fecond {ort 
had their conveniences, in regard they might 
be made in any weather, and as well by night 
as day ; yet they were not unattended with 
peculiar inconveniencies ; fome of which you 
will eafily difcern by the mention of them, 
that was neceffary to be made in fome of the 
relations themfelves. And, befides more par- 
ticular and emergent difficulties,, there was 
this in general, thatrendered thefe experiments 
troubletome ; that, whether I made them in 
larger receivers, or in f{mall, or in middle-fized 
ones, each of thefe cafes had its inconveni- 
encies: for very large reccivers, befides that it 
was very toilfome and tedious to empty them 
of air, required fo much time for the exhauf- 
tion, that too frequently, by that time the ope- 
rator 
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rator had done pumping, the included, or o- 
ther heated body was grown too cold to per- 
form the defired effeét: and if the receiver 
were not confiderably large, than the red-hot 
iron, or other included body, that was to burn 
the combuftible matter, would much endanger 
the breaking of the over-heated glafs, and not 
afford room enough for fome phznomena to 
be fairly exhibited in ; and, befides, create an- 
other difficulty, to which we found middle- 
fized receivers alfo obnoxious: for, feveral 
times, when the experiment required an in- 
tenfe heat within the receiver, then (efpecially 
if fome cafual obftacle hindered the quick ex- 
hauftion ) the heat of the ignited iron, or fome 
fuch other included body, would fo melt or 
foften the cement, that faftened the receiver to 
the engine, that, when the glafs was brought 
to be well exhaufted, and fometimes alfo be- 
fore, the external air would, by its preffure and 
fluidity, fqueeze or thruft in fomewhere or 
other the yielding cement, and thereby caufe 
in the inftrument a leak, that would much in- 
commodate us, if not reduce us to begin the 
experiment again, infomuch, that, for fome 
trials, we were fain to provide a cement on pur- 
pofe ; the leaft fufible, that we ufed on other 
occafions, being yet found too fufible on thefe. 

Nor were thofe, I have already mentioned, 
the only difficulties and impediments I met 
with in making experiments about flame and 
air; but I fhall not here trouble you with them 
in this place, where it may fuffice for me to 
have mentioned thofe, that are of a more ge- 
neral nature, and are like the moft frequently 
to occur. 

But though I declined to name any other 
to you, than the foregoing. difficulties in mak- 
ing the following experiments; yet I muft not 
omit to take notice of one, that may occur to 
you about judging of them. For, in thofe 
trials, that require to have an ignited iron or 
any fuch thing included in the receiver, it 
would ufually happen, that fo much heat would 
rarefy the air fhut up in the mercurial gage, 
and confequently inable it to deprefs the mer- 
cury, that lies under it, far beneath the mark 
it would have ftaid at, upon the meer account 
of fo much ambient air pumped out: this 
would happen, I fay, before the heated recei- 
ver was well exhaufted; fo that, if one be not 
aware of this, it will be obvious, by looking 
on the gage, to conclude the receiver to be 
well emptied, before it really is fo. And there- 
fore the fafeft way in thefe cafes 1s, to continue 
to pump (without trufting to the ordinary 
marks) till you fee, that the mercury will be no 
further depreffed in the fealed leg of the gage; 
though otherwife, by concurring figns, one 
that is verfed in thofe trials, may well enough 
judge, when he needs to pump no longer. 

But perhaps you will here demand, whe- 


ther, by our engine, we can competently with- | 


draw the air out of a receiver; or whether, at 

leaft, that may not be much better done by 

the help of quick-filver, after the manner of 

the Torricellian experiment, in regard that 

ponderous liquor frees the glafs, it deferts, from 
Vou. IIL. 


all the air at once, and exactly hinders the re- 
erefs of it. 

In anfwer whereunto, I hope you do not 
expect, that I fhould contend for a favourabler 
judgment of the engine I employ, than the 
virtuofi (as well foreign as Englifh) have been 
pleafed to pafs on it already: “and therefore, 
to tell you freely my thoughts about the main 
part of the propofed queftion, I fhall readily 
avow to you, that I think, there may be ex- 
periments (fuch as. fome of thofe, where the 
included body need be but fmall, and where 
the being fuddenly produced is chiefly defired 
in the effect) wherein, by the help of the 
quick-filver, the exhauftion of the air may be 
difpatched with greater celerity, and confe- 
quently make the effect be more confpicuous, 
than, by our ordinary way of trying, it would 
be in our engine; fince the fall of the mer- 
cury does, as the objection intimates, produce 
a vacuum (in our fenfe: of that word) very 
nimbly, whereby the expanfion of the air is 
prefently effected, and the aereal particles, har- 
boured in the pores of any body placed in this 
deferted cavity, will thereby have opportunity 
more fuddenly to expand themfelves. But, 
on the other fide, I might anfwer in general, 
that when I have particular occafions to dif- 
patch the exhauftion of the air, I can very 
much haften it, by barely leffening, as I have 
feveral times done, the capacity of the recei- 
vers, infomuch, that I have fometimes em- 
ployed fo {mall an one, that in half a minute, 
or much lefs, after it was fitted on, we could 
confiderably exhauft it, and thereby produce 
phznomena exceeding confpicuous. And as 
to the experiments of this little traét in parti- 
cular, it may be faid, that not to mention the 
troublefomenefs, and other inconveniencies of 
needing to employ fuch an unwieldy weight of 
mercury, you will eafily find, by the phzno- 
mena of divers of the enfuing trials, that 
moft of them cannot be with any conveniency, 
and fome of them not at all, made in the Tor- 
ricellian tubes, As for the ground of the ob- 
jection, that the air cannot be fo well drawn 
out by our way, as by the fubfiding of the 
mercury; though you may think that very 
clear, yet one, that were very jealous of the 
reputation of the inftrument I employ, may 
perhaps reafonably enough queftion it. For 
the vacuum, that is produced in the Torricel- 
lian experiment, as it is made all at once, fo it 
is made once for all; and therefore, if there 
were any aereal particles lurking in the mercu- 
ry, as there will be pretty ftore, if the quantity 
of that liquor be great enough to make a con- 
fiderable vacuum, which if it be not, it will 
be too fmall for very many of our trials; they 
will remain in the ¢leferted cavity at the top of 
the glafs, and, by their expanfion there, much 
hinder the full operation of an ambieyt vacuum 
upon the bodies placed in it. Befides that al- 
moft all fuch bodies, if they be dry, will be 
fo incongruous to mercury (which fearce fticks 
to any confiftent bodies but metals,) that pro- 
bably there will be no {mall number of acreal 
corpufcles intercepted between the mercury 

and 
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and thofe furfaces, to which it does not clofely 
adhere: which aery corpufcles, when the fub- 
fiding mercury deferts them, will be left to en- 
creafe the number of thofe, that, as we were 
faying, will emerge from the mercury; from 
which, as alo from the pores of the included 
bodies, will perhaps arife divers new ones, from 
time to time, for a pretty while after. And 
in cafe the vacuum be made by a cylinder of 
two or three and thirty foot of water, as for 
fome experiments, that have been tried in 
France and Italy, hath been done, the emer- 
fion of bubbles may laft a long time, as may 
be gathered from fome obfervations of mine, 
eliewhere related. 

Ow the contrary, in our engine, though 
when the receivers are not very fmall, they are 
more {lowly emptied ; yet in recompence, we 
may continue the pumping out of the air as 
long, and renew it in the fame experiment as 
often as we think fit: fo that, if-we perceive, 
that, after the firft exhauftion of the glafs, 
there happen any aereal particles to extricate 
themfelves fucceffively out of the included bo- 
dy, we can, by refuming the pump from time 
to time, whenever need requires, free the va- 
cuum from thefe alfo; which, in fome cafes, 
I have found to be longer and more copioully 
emitted by the included bodies, than any thing 
but jealous trials could have convinced me of. 
And to confirm what I have been faying by 
fomething hiftorical, I fhall add; that though 
the excellent Florentine academians are thought 
to have profecuted the experiments about the 
vacuum made with mercury the furtheft of 
any, yet fome eminent members of that ilu- 
ftrious fociety were pleafed to confefs to me, 
that they never were able, by the help of mer- 
cury, to bring a glafs-bubble, fealed up with 
air in it, to burft of itfelf by the withdrawing 


of the external air; which yet I have often 
done with the engine Jemploy, and convinced. 
them, that I could do fo, by doing it in their 
prefence. 

Yow will, perhaps, think it fomewhat 
ftrange, to find, that I fet down fome of the 
following narratives in fuch a way, as does 
not-exprefs me follicitous to afcribe and vin- 
dicate to the air fo abfohite and equal a ne- 
ceffity to the production and confervation of 
all flames, as divers learned men have con- 
cluded from my former experiments. But I, 
that am content to be kind to the air, but not 
partial, fhall not fcruple to declare to you, 
that, as much as fome may think me beholden 
to the air for any difcoveries of itfelf, it may 
have vouchfafed’me ; yet, I think, a natural, 
as well as a civil hiftorian, does, in his ac- 
counts of matters of fact, owe more to trath, 
than to gratitude itfelf. And though, where- 
ever the air can challenge a clear, or, at leaft, 
a probable intereft in a phenomenon, I am not 
only difpofed, but glad to do it right; yet E 
would not eafily affert to it a larger jurifdic- 


tion than I find nature to have affigned it; 


efpecially fince, without partiality, that, I pre- 
fume, may be fhewn to be very large and con- 
fiderable, and perhaps to reach to many things, 
wherewith men feem not to have yet taken 
notice, that it hath any thing to do at all. 

Wuat hath been hitherto faid, will nos, 
I hope, feem impertinent or ufelefs, whenever 
you fhall fall upon the actual making of fuch 
experiments as you are about to read. But I 
fear, that to add any thing more, (which were 
not difficult for me to do to the preliminary 
part of this fmall tract) would make it too dif- 
proportionate to the hiftorical; from which E 
fhall therefore no longer detain you. 


The FIRST TITLE. 


Of the difficulty of producing FLAME without AIR. 


KRXPERIMENT IE 


A way of kindling brimftone in vacuo Boyliano, 
——— unfuccefsfully tried, 


E, took a fmall earthen melting pot, of 

an almoft cylindrical figure, and well 

glazed (when it was firft baked) by the heat ; 
and into. this we put a fmall cylinder of iron, 
of about an inch in thicknefs, and half as much 
more in diameter, made red hot in the fire; 
and having haftily pumped out the air, to pre- 
vent the breaking of the glafs; when this 
vefiel feemed to be well emptied, we let down, 
by a turning key, apiece of paper, wherein 
was put a convenient quantity of flower of 
brimftone, under which the iron had been care- 
fully placed ; fo that being let down, it might 
fall upon the heated metal; which as foon as 


it came to do, that vehement heat did, as we ex- 
pected, prefently deftroy the contiguous paper $ 
whence the included fulphur fell immediately 
upon the iron, whofe upper part was a little 
eoncave, that it might contain the flowers 
when melted. But all the heat of the iron, 
though it made the paper and fulphur fmoke, 
would not actually kindle either of them, that 
we could perceive, - 


EXPERIMENT I. ; 


An ineffetiual attempt to kindle fulpbur in our 
uacuum another way, 


A way | thought of to examine 
the inflammability of fulphur without 
air; which, though it may prove fomewhat 
hazardous to put it in practice, I refolved ta. 
try, and did {fo after the following — 
NTO 


Relation betwixt FLAME and ATR. 


In T0 2 glafs-bubble of a convenient fize, anid 
furnifhed with a neck fit for our purpofe, we 
put a little flower of brimftone (as likely to 
be more pure and inflammable than common 
fulphur ;) and having exhaufted the glafs, and 
fecured it againft the return of the air, we laid 
it upon burning coals, where it did not take 
fire, but rife all to the oppofite part of the glafs, 
in the form of a fine powder; and that part 
being turned downward and laid on coals, the 
brimftone, without kindling, rofe again in thre 
form of an expanded fubftance, which (being 
removed from the fire) was, for the moft part, 
tranfparent, not unlike a yellow varnifh. 


ADVERTISEMENT. 
if irene ® thefe unfuccefsful attempts to 


kindle fulphur in our exhaufted receivers 
were made more difcouraging by. fome more, 
that were made another way; yet judging 
that laft way to be rational enough, we per- 
fitted fomewhat obftinately in our endeavours, 
and conjecturing, that there might be fomie 
unperceived difference between minerals, that 
do all of them pafs, and are fold for common 
fulphur, I made trial, according to the way 
hereafter to be mentioned, with another parcel 
of brimftone, which differed not fo much from 
the former, as to make it worth while to fet 
down a defcription of it, that probably would 
not be ufeful. 

Kut in this place, it may fuffhice to have 
given a general intimation of the poffibility of 
the thing. The proof of it you will meet 
with under the third Title, when I come to 
teil you what ufe I endeavoured to make of 
our fulphurotis flames. : 


EXPERIMENT II. 


Shewing the efficacy of air in the produttion of 
flame, without any a€iually flaming or buraing 
body. 


AVING hitherto examined by the pre- 

fence of the air,: what intereft it has in 
kindling of fame; it will not be impertinent 
to add an experiment or two, that we tried to 
fhew the fate intereft of the air, by the ef- 
fects of its admiflion into our vacuum. Fot 
I thought it might reafonably be fuppofed, 
that if fuch difpofitions were introduced into 
a body, as that there fhould not appear any 
thing wanting to turn it into flame but the 
prefence of the air, an actual accenfion of that 
body might be produced by the admitted air, 
without the intervention of ‘any actual flame, 
or fire, or even heated fubftance; the war- 
rantablenefs of which fuppofition may be judged 
by the two following experiments. 

Wuewn we had made the experiment, ere 
long to be related in its due place, (viz. 
Title [f. Experiment the 2d) to examine the 
prefumption we had, that even when the tron 
was not hot enough to keep the melted brim- 
{tone in fuch a heat, as was requifite to make 
jt burn without air, or with very little, ic 
would yet be hot enough to kindle the fulphur, 
if the atr had- accefs to: it: to examune this, 


- fore. 


‘I fay, we made two or three feveral trials, 
‘and found by them, that if fome little while 
after the flame was extinguifhed, the receiver 
Were removed, the fulphur would _prefently 
take fire again, and flame as vigoroufly as be- 
But I thought it might without abfur- 
dity be doubted, whether or no the agency 
of the air in the production of the flame 
might not be fomewhat lefs, than thefe trials 
would perfuade ; becaufe, that by taking off 
the receiver, the fulphur was not only expofed 
to frefh air, but alfo advantaged with a free 
{cope for the avolation of thofe fumes, which 
in a clofe veffel might bé prefumed to have 
been unfriendly to the flame. 
How far this doubt may, and how far it 
fhould, be admitted, we may be affifted to 
diicern by the fubjoined experiment, though 
nade in great part for another purpofe ; which 
‘you will perceive by the beginning of the me- 
mortal I made of it, that runs thus ; 


EXPERIMENT IV. 


A differing experiment to the faine purpofe with 
the fornver. 


‘FAVING a mind to try, at how great a 
degreé of rarefaction of the air, it was 
polmible to make fulphur flame by the affiftance 
‘of an adventitious heat, we caufed fuch an ex- 
periment as the above-inentioned to be reite- 
rated, and the pumping to be continued for 
fome time after the flame of the melted 
lowers of brimftone appeared to be quite ex- 
tinguifhed, and the receiver was judged by 
thofe, that managed the pump (and that upon 
probable figris) to be very well exhautted. 
Then, without ftitring the receiver, we let in 
at the ftop-cock very warily a little air, upon 
which, we could perceive, though not a con- 
ftant flairie, yet divers little flafhes, as it were, 
which difclofed themfelves by their blue colour 
to be fulphurous flames ; and yet the air, that 
had fufhced to re-kindle the fulphur, was fo 
little, that two exfuctions more drew it out 
again, and quite deprived us of the mentioned 
flafhes. And when a little air was cautioufly 
let in again at the ftop-cock, the like flafhes 
began again to appear, which, upon two ex- 
fuctions more, did again quite vanifh, though, 
upon the letting in a little frefh air the third 
time, they did once more re-appear. 
~ WHETHER, and how far fuch experiments 
as thefe may conduce to explicate what is re- 
lated of fires, fuddenly appearing in long un- 
difclofed vaults or caves to thofe, that firft 
broke into them, I may perchance elfewhere 
confider, but fhall not here enquire, efpecially 
being not yct fully fatished of the truth of 


- 


the matter of fact. 


EXPERIMENT VV. 


About an endeavour to fire gun-powder in vacuo 
with the fun- beams. 


| HATEVER hath been hitherto de- 

¥ hivered, will not, I prefume, make it 
unreafonable to enquire, whether, what intereft 
fotver the air appears to have in the produc- 
tion, 
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tion ef thofe flames, that are to laft for fome 
time, there may not eafily be produced a mo- 
mentary flame or flafh, without any affiftance 
from the air. Wherefore I employed fome 
endeavours to difcover, whether there were 
the fame need of air to the going off of gun- 
powder, as to the inflammation of other bodies. 
And though my firft attempt of this nature 
being unprofperous, it was concluded by the 
Jearned of the by-ftanders, that I fhould never 
be able to make a fuccefsful one to kindle gun- 
powder in an exhaufted receiver ; yet this did 
not hinder me from profecuting a defign, for 
whofe feafibility I confidered, that it might be 
alledged «@ priori (as they ufe to fpeak) that 
brimftone, which is one of the ingredients of 
gun-powder, appears by feveral trials, to be 
fometimes capable of accenfion in our vacuum, 
and therefore probably may kindle the reft. 
But how far the firing of powder, without the 
help of air, is poffible, will be beft judged by 
the experiments you will meet with under the 
third title : and how far it is more difficult to 
be kindled in our exhaufted receivers, than in 
the open air. (which is an inqumry proper for 
this place) may be gueffed by the fubjoined 
trial; which, though it were made many years 
fince (in the year 1660) before we had de- 
vifed the mercurial gage, to examine how well 
the receiver was exhaufted, I fhall yet afford it 
aroom inthis place, becaufe it was made in 
fummer by the help of a burning-glafs, which 
I could not employ to purpofe in the winter- 
feafon, wherein the two following trials were 
made. 

To give you then fome account of that 
part of the experiment, which concerns our 
prefent inquiry, I will fubjoin a tranfcript of 
what I find regiftered about it; which is to 
this purpofe, and almoft in thefe words : that, 


having conveniently placed three or four grains 


of gun-powder in the cavity of our recciver, 
and having carefully drawn out the air, we 
caf{t the fun-beams, united by a good burning- 
glafs, upon the powder, and kept them there 
a pretty while to little purpofe ; till, at leneth, 
the powder, inftead of taking fire, fmoaking 
only, and melting like a metal, thofe fpetta- 
tors, that were of another opinion, than I was 
yet convinced of, would have me leave off. 
The further event of fuch trials more fully 
profecuted you will find under the third title ; 
all that wil] be pertinent to be here added be- 
ing, that the newly recited experiment was 
not the fingle one, we made about that time, 
that difcovered a great indifpofition even in 
gunpowder to be fired in our vacuum. 


EXPERIMENT VL 


An attempt to fire guu-powder in vacuo, by 
means of a hot iron. 


E took, by weight, what we judged a 

YY convenient quantity of gun-powder, 
that was extraordinarily ftrong and well made ; 
and having in our receiver, that was capable of 
holding about fixteen pounds of water, placed 
the formerly mentioned iron firft heated red- 
hot, when the air appeared by the mercurial 


New ExPeERIMENTS touching the 


gace to have been diligently pumped out, we lez 
down, by help of the turning key, a {mall piece 
of thin paper, wherein the powder had been 
put, till we faw it reached the plate, by whofe 
heat we hoped the paper would be deftroyed, 
and the powder made to go off. But though 
both the one and the other had been purpotle- 
ly well dried near the fire, before they were put 
into the receiver ; the defired explofion of the 
powder did not enfue. Yet there appeared 
upon the iron plate a pretty broad blue flame, 
like that of brimftone (whence it was judged 
the fulphureous ingredient of the gun-powder, 
that was kindled) which lafted fo very long, as 
we could not but wonder at it. But, at length, 
the powder not going off and the ftill-de- 
caying heat of the iron forbidding us to waie 
any longer, we thought fit to take off the re- 
ceiver, and found (as we expected) that the 
paper contiguous to the iron was, in part, de- 
{troyed by its heat ; but moft of the grains 
of the powder feemed not altered, and were 
found difpofed enough to be fired, notwith- 
{tanding the confumption of the brimftone, 
that had burned away. 


APPENDIX. 


To confirm the foregoing experiment, by 
fhewing how great a difpofition to take fire 
there may be in oun-powder, that yet would 
not do fo without air, I fhall fubjoin this 
obfervation, 

Havince reiterated the newly mentioned 
experiment after the like manner, and with 
the fame receiver, and iron-plate, as formerly, 
we did not find any explofion to be made for to 
long a time, that thinking it in vain to wait any 
farther, we let in the air, which might per- 
haps, by the help of the remaining heat of the 
iron, procure the operation we at firlt defired. 


The event was, that after nothing’ had enfued 


for a good while, and we fcarce thought, that 
fuch a thing would happen ; the powder fud- 
denly went off with a great flafh, and fo 
fhook the receiver, that was yet ftanding on 
the engine, as to endanger the throwing of it 
down. Which circumftance I mention, to 
give you a caution, that may prove ufeful, in 
cafe you try in clofe veffels experiments with 
gun-powder ; fince if they be not warily ma- 
naged, they may fometimes (as I have had oc- 
cafion to obferve) prove dangerous enough ; 
which will be the better difcerned, if I add, 
that the powder, that had this operation on a 
receiver (large enough to contain two gallons 
of liquor) was weighed before it was put in, 
and amounted but to one grain, (though a 
greater quantity might perhaps have been well 
enough ventured upon, if it had been but com- 
mon gun-powder.) 


EXPERIMENT VIL. 


Reciting another way, whereby the Jrring of 
gun-powder in vacuo Boyliano was attempted. 


1O diverfify our ways of examining the 
‘T indifpofednefs of gun-powder to be fired 
in Our vacuum, we thought fit to add to the 
foregoing trials that, which followeth. 

InTo 


Relation betaixt FLAME evrd AIR. 


In To a pretty large and ftrong glafs-bubble 
we put a few {mall corns of gunpowder, and 
having carefully exhaufted it, and fecured it 
again{t the return of the air, we put it upona 
pretty quantity of live coals fuperficially covered 
with afhes; by whofe heat the fulphureous in- 
gredient of the powder was in part kindled, 
and burned blue for a pretty while, and with 
a flame confiderably great (in proportion to 
the powder;) upon whofe ceafing, the pow- 
der, which, when all was done, did not take 
fire, appeared to have fent up, befides the 
flame, a pretty deal of fulphureous fublimate, 
that ftuck to the upper part of the glafs, and 
being held againft a candle we caufed to be 
brought in, (for the experiment had been pur- 
pofely made ina dark place) it exhibited divets 
Vivid colours like thofe of the rain-bow. 


EXPERIMENT VII 


About a trial made to fire gunpowder in our va- 
cuum by the help of {parks. 


HOUGH in the fourteenth of the long 
Ty fince publifhed phyfico-mechanical expe- 
timents there is recited a trial made about 
kindling of gunpowder with a piftol; yet I 
fhall not forbear to fubjoin the enfuing account, 
partly, becaufe the receiver, we then em- 
ployed, being about four times, if I mif-re- 
member not, as big as that we laft made ufe 
of, it was very difficult to exhauft the one fo 
well as the other; and partly, becaufe we 
wanted fome accommodations, with which we 
fince furnifhed ourfelves, and (having not 
then devifed the mercurial gage we employed 
in the making this laft experiment) we could 
not then judge fo well, as we fince could, of 
the degrees, to which the receiver was emp- 
tied. And, therefore, when in the relation of 
that fourteenth trial, there is mention made of 
one attempt, that did fucceed, among divers, 
that did not; there is towards the clofe an in- 
timation given, that in fpite of the great rare- 
faction, that had been made in the air, there 
‘might yet be foie little portion of it remain- 
ing in the receiver. I proceed then to the 
promifed relation, which I find thus fet down ; 

To profecute the defign of the foregoing 
experiment by a way fomewhat differing from 
thofe hitherto mentioned, we made, though 
not without difficulty, the enfuing trial; one 
of whofe {copes you will find intimated at the 
clofe of the relation. 

WE took a {mall and very fhort piftol, and 
having well faftened it with ftrings to a great 
weight, that was placed upon the iron-plate of 
our engine, we drew up the cock, and primed 
the pan with dry powder; then over both the 
weight and piftol we whelmed a receiver, ca- 
pable of containing two gallons of liquor, and 
having carefully cemented it on, we caufed 
the air to be diligently pumped out; having 
before put in a mercurial gage, to help us to 
difcern when it was exhaufted. Laftly, or- 
dering the pump to be plied in the mean 
while, for fear fome air fhould fteal in, be- 
fore the trial was compleated, we did, by the 
motion of the turning key, fhorten a ftring, 

Vor. Il, 


that was tied both to it and the trigger of thc 
pittol, by which mcans we did as much as we 
could towards the firing of the powder in the 
pan ; but though the pan were made to fly 
open, yet the powder did not go off: where- 
upon letting in the air, and cocking the piftol 
again, without taking ic off the weight it was 


25 , 


ticd to before, we drew outa little air, to be . 


fure, that the receiver was clofely cemented 
on, (which care we took in reference to ano- 
ther experiment ;) and then letting in the air 
at the top of the receiver, and {topping it in 


with the turning key, we did, by the help of 


that key, draw afide the trigger again ; where- 
upon, though there had been no new pow- 
der put into the pan, norany left in it, but on- 
ly fome little, that remained after the late trial, 
yet that little readily took fire and flafhed in 
the pan; which made it the more probable, 
that, in the former trial, fparks of fire had been 
ftruck out by the collifion of the flint and fteel: 
which was the more credible, becaufe in ano- 
ther trial, made the fame hour in the fame 
exhaufted receiver, two of the affiftants plainly 
faw a fpark or two fly out upon the falling of 
the cock, though I, that chanced to ftand in 
an inconvenient place, did not ‘then perceive 
it. But afterwards, having caufed the expe- 
riment for my fuller fatisfaction to be repeated, 
I freed my felf from need of trufting others 
eyes: fo that it appears, that notwithftand- 
ing the great indifpofition of gunpowder itfelf 


to be reduced into flame in our vacuum, yet 


even folid fatter is- not uncapable of being 
ignited there, if it be put into a motion fuffi- 
ciently vehernent. a 

Ir this experiment had not been fo very 
troublefome to make, I fhould have been in- 
vited to reiterate it, becaufe a not contempti- 
ble fcruple may be prevented, if the trial can 
be made to fucceed, in regard, that the going 
off of the whole gunpowder, by the falling of 
a {park or two only upon two or three of its 
grains, would argue, that the accenfion of the 
reft was made by the propagation of ‘fame 
from the kindled grains to the reft; fo {mall a 
portion of ignited and fuddenly vanifhing mat- 
ter, as isto be found in a fpark or two, be- 
ing not likely to be able in fo very fhort a time 
to impart a vehement, or fo much as a fenfi- 
ble heat, to the whole aggregate of grains, 
or at leaft a great part of them, as the focus of 
a burning-glafs, held long enough upon them 
to make them melt, may well be fuppofed 
to do. 


EXPERIMENT IX. 


Two ways of making aurum fulminans go off in 
our exbaufted receiver. 


ECAUSE it is wont to be fuppofed, how 
juftly I here difpute not, that aurum ful- 
minans, as the chemifts call it, is much of the 
nature of gunpowder, though by vaft odds 
ftronger than it; I thought it not unfit to make 
trial, whether it could be made to go off in 
our exhaufted receiver; and accordingly, about 
the time, that the other experiment of firing 
gunpowder by the fun-beams was made, we 
Tete alfo 
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- alfo made tial of this; and that, as I remem- 


ber, in the fame recciver, and with the fame 
burning-glafs. The event was, that, though 
the air had been pumped out, the concentrated 
beams of the fun made the aurum fulminans 
go off, and violently fcatter about the cavity 
of the receiver a yellowifh duft or powder, 
which other trials in the free air made us look 
upon as particles of the gold, that was the 
main ingredient of this odd compofition. 

THis experiment we reiterated a good 
while after in another place, and with other 
veffels, and yet with the like fuceefs. 

But in regard thefe trials being made by 
the united fun-beams, it was unavoidable, that 
our eyes would be before-hand affected with 
the vivid impreffions of fo glaring a hight; it 
feemed not fafe to determine, by the bare go- 
ing off, or fhattering of the aurum fulminans, 
whether or no it afforded any flame or light 
upon its explofion: for, as we could not be 
fure of the affirmative, becaufe our eyes could 
not difcern any momentany flame or flafh; 
fo it feemed not fafe to conclude the negative ; 
fince, though there had been fuch a flame, 
yet, if it had not been ftrong, it would not 


have been fenfible to our eyes, whilft pre- 
affected by a powerful light. Wherefore we 
refolved to make this trial in the night with 
an iron heated, but not candent, (that its light 
might not eclipfe that, which the powder might 
afford ;) and having, after the manner already 
often recited, exhaufted a pretty large recei- 
ver, and let down by a ftring half a quarter of 
a grain (by weight) of good aurum fulminans, 
of our own preparing, loofely tied in a little 
piece of thin paper, (which paper, former 
trials to another purpofe kept us from fearing, 
that no hotter an iron, than ours then was, 
would kindle) we found, as we expected, that 
after the powder had lain long enough upon 
the iron to be thoroughly heated, it went off 
all together, and, as the by-f{tanders affirmed, 
with a flafh: but my face being accidentally 
turned to remove a light, that I feared might 
difturb us, I could not fee the flafh myfelf, and 
therefore caufed the experiment to be made 
once more, to ground my narrative upon my 
own obfervation ; which quickly affured me, 
that the luminous flafh, produced upon the ex- 
plofion, was not only fenfible, but confide- 
rable. 


The 


SECOND TITLE. 


Of the difficulty of preferving FLAME without AIR. 


INCE it is generally, and in moft cafes 

juftly, efteemed to be more eafy to preferve 
flame in a body, that ts already actually kin- 
dled, than to produce it there at firft; we 
thought fit to try, whether, at leaft, bodies 
already burning might not be kept in that 
ftate without the concurrence of air. And 
though in fome of our formerly publifhed phy- 
fico-mechanical experiments it happened, that 
actual flame would fcarce laft a minute or two 
in our large pneumatical receiver ; yet, becaufe 
it feemed not improbable, that mineral bodies 
once kindled might afford a vigorous, and 
very durable flame, we thought fit to devife, 
and make the following trials: whence proba- 
bly we might receive fome new informations 
about the diverfities, and fome other phzno- 
mena of flame, and the various degrees, where- 
in the air is neceffary, or helpful to them. 


EXPERIMENT I. 


Reciting an attempt to preferve the flame of 
brimftone without air. 


W* put upon a thick metalline place a 
convenient quantity of flowers of 
fulphur; and having kindled them in the 
air, we nimbly conveyed them into a re- 
ceiver, and made hafte to pump out fome 
of the included air, partly for other reafons, 
and partly that the cavity of the receiver might 
be the fooner freed from fmoak, which would, 
if plentiful, both injure the fame, and hinder 


our fight. As foon as the pump began to be 
plied, or prefently after, the flame appeared 
to be fenfibly decayed, and continued to be 
leffened at every exfuction of the air; and in 
effect it expired, before the air was quite drawn 
out. Nor did it, upon the early removal of 
the receiver, do any more than afford, for a 
very little while, fomewhat more of fmoak in 
the open air, than it appeared to do before. 

THE reiteration of this experiment prefent- 
ly after afforded us nothing new, worth men- 
tioning in this place. 


EXPERIMENT JI. 


Relating a trial about the duration of the flame 
of fulpbur in vacuo Boyliano. 


T O vary a little the foregoing experiment, 
and try to fave fome moments of time, 
which on thefe occafions 1s to be hufbanded 
with the utmoft care; having provided a cy- 
linder of iron, larger than the former, that 
it might by its bulk, being once heated, both 
contribute to the accenfion of the fulphur, and 
to the lafting of its fame, we made a trial, that 
I find regiftred to this effect: 

We took a pretty big lump of brimftone, 
and tied it to the turning-key; and having got 
what elfe was neceffary in a readinefs, we caufed 
the iron-plate to be haftily brought red-hot 
from the fire, and put upon a pedeftal, that 
the flame might be the more confpicuous 5; 
and having nimbly cemented on the receiver, 

we 
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we f{peedily let down the fufpended brimftone; 
till ic refted upon the red-hot iron, by which 
being kindled, it fent up a great flame with 
copious fumes, which hindered us not from 
plying the pump, till we had, as we con- 
jectured, emptied the receiver; which we 
could not do without withdrawing together 
with the air much fulphureous fmoke, that was 
offenfive enough both to the eyes and noftrils. 
But notwithftanding this pumping out of the 
air, though the flame did feem gradually to be 
fomewhat impaired, yet it manifeftly conti- 
nued burning much longer, than by the fhort 
duration of other flames in our receivers, when 
diligence is ufed to withdraw the air from 
them, one could have expected. And efpe- 
cially one time, (for the experiment was made 
more than once,) the flame lafted, till the recei- 
ver was judged to be well exhaufted ; and fome 
thought it did fo furvive the exhauftion, that 
it went not out fo much for want of air, as 
fuel; the brimftone appearing, when we took 
off the receiver, either to have been confumed 
by the fire, that fed on it, or to have cafually 
run off from the iron, whofe heat had kept 
it conftantly melted. 

ce In cafe you fhould have a mind to pro- 
fecute experiments of the nature of this and 
the precedent, it may not prove ufelefs, if I 
intimate to you the following advertifements. 
1. For the red-hot iron above mentioned, we 
thought it not amifs to provide, inftead of the 
melting-pot employed in the firft experiment, 
a pedeftal, if I may fo call it, made of a lump 
of dryed tobacco-pipe-clay, that the vehement 
heat of the iron might neither fill the receiver 
with the fmoak of what it leaned on, nor in- 
jure the engine, if it fhould reft immediately 
upon that; and this pedeftal fhould be fo 
placed, that the iron may be as far as you can 
from the fides of the receiver, which elfe the 
exceffive heat would endanger. 

2. To the above-mentioned concave iron, 
that was to receive the brimftone, we did for 
fome occafions caufe to be fitted a thick con- 
vex piece of iron, fhaped almoft like a flattifh 
button ; which was not to be ufed conftantly, 
but upon occafion, that, being laid red-hot 
over the melted brimftone, it might increafe 
the heat, and keep the flame from having fo 
broad a fuperficies, whereby it would confume 
its fuel too fait. 

3. We fometimes thought it expedient, for 
the clearer difcerning of what fhould happen 
in the receiver, to make the experiment by 
night, and remove the candles, when we were 
jutt about to pump, prefuming, that the flame 
would be confpicuous enough by its own 
light ; as indeed we found it to be, though its 
light were but dim, confidering the great- 
nefs of the flame; whofe colour, though it 
did not quite lofe its wonted blueifhnefs, 
feemed yet to have received a great and fome- 
what odd alteration. 

THERE is one great inconvenience, fcarce 
avoidable in this experiment, véz. that the 
fumes afcending very copiaufly do quickly rhuch 
‘darken the receiver, and if the trial be long 
continued, line it witha kind of flower of brim- 


ftone, which obfcures it much more, and there~ 
fore ought to be carefully wiped away, when- 
foever the receiver is taken off; upon which 
account you will not, 1 prefume, wonder, if 
you fhall find the phenomena of thefe experi- 
ments not always to be the very fame with 
what you meet with in this paper; fince, as 
it is very poffible, that we may not have been 
able to obferve things fo accurately by reafon 
of the newly mentioned fumes and flowers; 
fo it is not impoffible, that the difference, if 
there fhall be any, of other men’s obfervations 
from ours {hould proceed from the fame caufe. 
Berore we pafs from this fecond experi- 
ment, it will not be amifs to take notice, that 
though the flames of brimftone may be allow- 
ed to be fomewhat more durable than the 
flames of vegetables are wont to be; yet it is 
not fafe to conclude, that it was ate upon 
the account of their native vigour, that the 
flames above mentioned lafted fo long in our 


receiver. 


For we feemed to obferve, that there was 
requifite a very intenfe heat of the iron to 
make the fulphur capable of flaming on it, 
when any confiderable proportion of air was 
withdrawn. For which reafon it feems ex- 
pedient, according to what I lately intimated, 
that the iron, that is to keep it melted, be of 
a good thicknefs, that it may the longer retain 
a competent heat; and we thought 1t contri- 
buted to the fuccefsfulleft trials we made, that 
in them we ufed, befides the concave iron, the 
convex one mentioned in the fecond note. 


EXPERIMENT JL 
Of the lafting of the flame of a metalline fub- 


fiance in the fame vacuum, 


HOSE fulphurs, that chemifts call me- 

talline, being fuppofed by many to be 
of a much more fixed nature than common ful- 
phur, and it being indeed probable enough, 
that in them good ftore of very minute par- 
ticles are crowded together, [ thought fit to 
try, whether a body, wherein a vulgar che- 
mift would think the fulphur of a metal to be 
the main ingredient, would afford in our va- 
cuuim a more vigorous or lafting flame, than 
that of common fulphur. And, though I will 
not here trouble you with my particular fcru- 
ples about the chemifts doctrine concerning 
metalline fulphurs, nor with the grounds, on 
which IJ devifed the following inflammable fo- 
lution of Mars, (for Ido not now give it a 
more determinate name) which fome chemitfts 
will not perhaps diflike ; I fhall here annex the 
enfuing tranfcript of the trial icfelf. 

Havine provided a faline fpirit, which 
by an uncommon way of preparation was made 
exceeding fharp and piercing, we put into a 
vial, capable of containing three or res ounces 
of water, a. convenient quantity of filings of 
fteel, which were not fuch, as are commonly 
fold in fhops to chemifts and apothecaries, 
(thofe being ufually not free enough from rutt) 
but fuch as I had a while before caufed to be 


-purpofely filed off from a piece of good fteel. 


the 


This metalline powder being moiftened in 
2 vial 
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vial with a little of the menftruum, was after- 
wards drenched with more; whereupon the 
mixture grew very hot, and belched up co- 
pious and ftinking fumes; which, whether they 
confifted altogether of the volatile fulphur of 
the Ivars, or of metalline {teams participating 
of a fulphureous nature, and joined with the 
faline exhalations of the menftruum, 1s not ne- 
ceflary to be here difcuffed. But whenceio- 
ever this ftinking fmoke proceeded, fo inflam- 
maLle it was, that upon the approach of a 
lighted candle to it, it would readily enough 
take fire, and burn with a blueifh, and fome- 
what ereenifh flame, at the mouth of the vial, 
for a good while together ; and that, though 
with little light, yet with more ftrength, than 
one would eafily fufpect. 

Tuis flaming vial therefore we conveyed 
into a receiver, which he, who ufed to manage 
the pump, affirmed, that about fix exfuctions 
would exhauft. And the receiver being well 
cemented on, upon the firft fuck the flame 
duddenly appeared four or five times as great 
as before ; which I afcribed to this, that upon 
the withdrawing of the air, and confequently 
the weakning of its preffure, great ftore of 
bubbles were produced in the menftruum, which 
breaking could not but fupply the neck of the 
vial with ftore of infammable fteams, which, 
as we thought, took not fire without fome 
noife: upon the fecond exfuction of the air, 
the flame blazed out as before, and fo it like- 
wife did upon the third exfuction, but after 
that it went out; nor: could we re-kindle any 
fire by haftily removing the receiver ; only we 
found, that there remained fuch a difpofition 
in the finoke to infammability, that holding a 
lighted ‘candle to it, a flame was quickly re- 
kindled. 


EXPERIMENT W. 
Of the duration of the flame of [pirit of wine 


impregnated with a metal in the exbaufted 
receiver. 


ECAUSE it may, upon grounds not im- 

probable, be thought, that well-de- 
phlegmed fpirit of wine being a pure ethereal 
liquor, which does not, like combuftible ful- 
phurs (whether vulgar or metalline) emit any 
vifible fnoak to ftifle the fame (into which it 
may, in the free air, be totally refolved; ) 
if this fpirituous, and thus qualified liquor, 
could be duely affociated with a metalline 
body, the refulting flame might be more 
than ordinarily vigorous and durable; I re- 
folved to make an experiment of this fort, 
and having by a way, that I delivered in ano- 
ther paper [in a Paradox about the fuel of 
Flames} fo united highly rectified fpirit of 
wine with a prepared metal, that they would 
both afford a confpicuoufly tinéted flame; we 
put this mixture into a {mall glafs-lamp, made 
on purpofe, and futnifhed with a very flender 
wick, which the mixture would not burn, 
whilft there was liquor enough to imbibe it 
well; and putting this lighted lamp into a 
convenient place of a receiver, that was not 
{mall, fince it was able to contain about two 


gallons, or fixteen pounds of water, we made 
hafte to cement on the glafs to the engine, 
and yet found not in two or three fevera] 
trials, that after the pump began to be moved, 
fo little a quantity of tin¢ted flame in chat ca- 
pacious glafs lafted much, if at all, more 
than half a minute of an hour, eftimated by 
a minute watch. 

Awnp becaufe the receiver, we then made 
ufe of, feemed to me, by reafon of its fize, 
and fome accommodations, that belong to it, 
proper enough to be employed about other 
trials, concerning the relation between flame 
and air; I thought fit to try, with the fame 
{mall lamp and liquor, what other phenomena 
of that kind would be afforded by letting air 
in and out, according to the various exigencies 
of my particular aims. 

But not having then, nor in fome time 
after, the leifure and opportunity of fetting 
down things circumftantially, I contented my- 
felf to take thofe fhort notes of the principal 
things, whereof I now fubjoin the tranfcript. 

WueEn the flame began to decay, the turn- 
ing key being now and then drawn almoft out, 
the tinéted flame lafted once a minute and a 
half, and another time longer. 

Tue turning key being taken out in the 
beginning, the flame lafted twa minutes or 
better. 

A pipe bedded in the cement at the bottom 
of the glafs, and having at each end an open 
orifice almoft of the bignefs of that filled by 
the turning key, which key was then removed 
from the top; the tincted fpirit feemed to burn 
very conveniently, as if the fame would have 
burned very long, if we would have permit- 
ted it fo to do. . 

Tue orifice at the top being ftopped with 
the ‘turning key, though the pipe were left 
open at the bottom, it plainly, in a fhort time, 
feemed much to decay, and ready to expire ; 
whereupon I caufed one to blow conftantly, 
yet but very gently, in at the pipe with a 
pair of bellows, and by this means, though 
we did not keep the flame vigorous, yet we 
kept it alive for above four minutes ; and then 
obferving it to be manifeftly ftronger, than 
it was, when we began to refrefh it with the 
bellows, we ceafed from blowing, and found, 
that though the glafs-pipe was {till left open, 
yet within about one minute the flame was 
guite extinguifhed. 


KRXPEKERIMENT VV. 


Of the confervation of flame under water. 


o kes better to examine the neceffity of 
air to flame, I thought fit not only to 
make the feveral trials mentioned in this pa- 
per, whether it would live in a medium much 
thinner than air 3 but alfo to try, whether it 
would be able to continue in a medium many 
hundred times thicker than air, namely in 
water. 

I doubted, not but many would think this 
both an eafy and a needlefs inquiry, fince emi- 
nent writers, both ancient and modern, tell us 
without fcruple, that Naptha and Camphire 
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will burn under water; but I had never the 
good fortune to be able to make them do fo; 
and may be allowed to doubt, whether thefe 
writers, notwithf{tanding their confidence, de- 
liver what they affirm, upon experience, not 
bare tradition. And though in celebrated au- 
thors I have met with divers receipts of making 
compofitions, that will not only burn under 
water, but be kindled by it; yet I have found 
thofe, I had occafion to confider, to be fo 
lamely, or fo darkly (and fome of them I fear 
fo falfely) fet down, that by the following com- 
pofition, how flight foever it may feem, I have 
been able to do more, than with things they 
fpeak very promifingly of; fince, though it 
will not be kindled by water, yet being 
once kindled, it will continue to burn under 
water. 

Anp that there might be no fufpicion, that 
whilft the mixture continued under water, it 
did only, as it were, vehemently ferment, or 
fuffer a violent agitation of its parts without 
having them kindled, till in their afcending 
they were actually fired by the contact of the 
air, incumbent on the furface of the water ; 
to obviate this fufpicion (I fay) we were care- 
ful to try the experiment, not only in other 
veffels, but in a large glafs, the tranfparency 
of whofe fides; as well as that of the contained 
water, would permit us to fee, for a while, the 
burning of our compofition, which was fome- 
times with a weight detained, and fometimes 
with a forceps held, till it was confumed, a 
good way under the furface of the water. 
Tue way of making the experiment 1s 
this: we took of gunpowder three ounces, of 
well burned charcoal one drachm, of good 
fulphur or flower of brimftone a little lefs than 
half a drachm, of choice falt-petre near a 
drachm and a half: which ingredients being 
well reduced to powder, and diligently ming- 
led without any liquor, either a large goofe- 
quil, whofe feathery part was cut off, or a 
piece of a tobacco-pipe, of two or three inches 
long, and well ftopped at one end, had its 
cavity well filled with this mixture, (inftead of 
which, beaten gunpowder alone might ferve, 
if it did not operate too violently, or wafte 
too foon:) for the kindling whereof, the open 
orifice of the quil or pipe was carefully {topped 
with a convenient quantity of the fame mix- 
ture, made up with as little chemical oil or 
water, as would bring it to a fit confiftence. 
This wild-fire was kindled in the air, and the 
quill or pipe, together with a weight, to which 
it was tied to keep it from afcending, was 
lowly let down to a convenient depth under 
water, where it would continue to burn, as 
appeared by the great fmoak it emitted, and 
other figns, as it did in the airs; becaufe the 
fhape of the quill or pipe kept the dry mixture 
from being acceffible to the water (that would 


have difordered and fpoiled it) at any other’ 


part than the upper orifice ; and there the 

itream of kindled matter i1ffued out with fuch 

violence, as did inceffantly beat off the neigh- 

bouring water, and kept it from entering into 

the cavity, that contained the mixture, which 
Vou. UL. 


therefore would continue burning, all it wes 
confumed. 

It is probable, that moft men will concluce 
from this experiment, that air is not lo alio- 
lutely neceflary to the curation of flame, as 
fome other of our trials feem to argue; and 
that there ought to be a ditkerence made be- 
tween ordinary flames, and thofe, that burn 
with an extraordinary vehemency. But my 
defign being, as I long fince intimated, rather 
to relate trials; than debate hypothefes, I fhiall 
only add, that it may be prcetcnded on the 
behalf of the opimon, that this expcriment 
feems to difprove, that, not to mention the 
air, that may lurk in the pores of the water, 
or that, which may be intercepted between the 
little grains of powder, whereof the mixture 
confifts, the falt-petre itfelf may be juppofid 
to be of fuch a texture, that in its very for- 
mation the corpufcles, that compofe it, may 
intercept ftore of little aereal particles between 
the very minute folid ones, which thofe cor- 
pufcles are made up of. And this inexiftence 
of the air in nitre may be probably argued 
from the great windinels of the flame, that is 
produced upon the deflagration of nitre. Ac- 
cording to this furmife, though our mixture 
burns under water, yet it does not burn with- 
out air, being fupplied with enough to ferve 
the turn by the numerous eruptions of the 
aereal particles of the diffipated nitre itfelf. 

Own this occafion ] remember, that in ano- 
ther paper I relate, that for divers purpofes, 
and among them to remove this fufpicion, I 
fuccefsfully tried to reproduce nitre in Vacuo 
Boyliano, that there might not be any air, or 
at leaft any quantity worth heeding, intercept- 
ed between the convening particles, that by 
their coalitions made up the nitrous corpufcles, 
which, in favour of the neceffity of air to flame, 
may be pretended to be but fo many little 
empty bubbles clofe ftopped, whofe moifter 
parts may, by the fire, that kindles the nitre,be 
exceedingly rarified, and in that eftate emulate 
air, and violently burft their little prifons, and 
throw about the fragments of them with force, 
and in numbers enough to make their aggre- 
gate appear fuch a flame, as is wont to be 
be made by unctuous and truly combuiftible 
bodies ; and yet this rarified fubftance, that 
thus fhatters the nitrous particles, may really 
be no true and lafting air, but only vehe- 
mently agitated vapours, which prefently, up- 
on the ceffation of the heat, return to liquor, 
as we fee, that the vapours of an /Kolipile, 
that iffue out after the aereal particles have 
been expelled, though they make a great noife 
and a temporary wind near the hole they 
ftream out at, and would perhaps, if that 
hole were clofe ftopped, break the /Eolipile ; 
yet are not true and permanent air, but at a 
fmall diftance off the inftrument return into 
water. 

But though I could fuggeft other fufpi- 
cions and conjectures about the inclufion of 
air between the particles of falt-petre, yet I 
forbear to mention them in a writing defigned 
to be chiefly hiftorical. 
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EXPERIMENT VL 


Relating an odd phenomenon about the flame of 
a metal in our Vacyum. 


O the foregoing experiments made on 

_purpofe I fhall add a phenomenon af- 
forded us by chance, and yet not unworthy to 
accompany. the reft. 

WHILsT we were frying to kindle fome- 
thing in our exhaufted receiver, it happened 
by fome accident or other, that the combutfti- 
ble fubftance, that was to be kindled, fell be- 
fides the iron, whereby our intended trial was 
defeated. But whilft we were confidering 
what was to be done on this occafion, and had 
not yet let in the air, that had been pumped 
out, the lights alfo continuing yet removed ; 
we were furprifed to'fee fométhing burn, like 
a pale blueifh flame almoft in the midft of the 
cavity of the receiver, and at firft fifpected it 
to be fome illufion of the eyes; but all the 
by-ftanders perceiving it alike; and ‘Obferving, 
that it grew very broad, we looked “at it with 
ereat attention, and found it to laft much longer, 
than I remember I have feen any flame do 
inan exhaufted receiver. 1 fhould have fuf- 
pected, it had procéeded from fome briniftone, 
flicking, without our heeding if, to fome 
part of the iron, which we had formerly em- 
ployed to kiridle fulphur in our receiver, had it 
not been; that, befides other things, I remem- 
bered, that we had juft before kept it red-hot 
in the fire, and coriféquently muft have burned 
away any little brimftone, if theré were any, 
that adhered to it: but though we much won- 
dered, whence this our flame proceeded, I 
would not let any thing be done, that might 
haften its extinction ; and at length, when it 


ot 


expired of its felf, we let in the air, which 
‘had been till then kept out; and percerved up- 
on the concave part of the iron (which we 
judged to be the place, where the flame had 
appeared) a piece of nielted metal, which we 
concluded had been fafteried to the ftring, that 
the fuel we defined to kindle had been tied 
to, in order to the’ letting it down the more 
eafily : and this made us conceive, that the 
{tring happenirig to bé burned by the exceffive 
heat of the iron, thé piece of metal fell into 
the cavity of it, and; by the fame heat, the 
more combuftiblé part, which the chemiits 
call the fulphur, was melted and kept on fre; 
and continued burning fo long¢ as we have re- 
lated. The piece of metal was judged to be 
lead, but having not formerly obferved fuch a 
difpofition in that metal to be inflamed, I con- 
fidered’it atténtivély, ‘and perceived; that it 
was fome fragment, that the operator had 
chanced to light on, of a mixtute of lead and 
tin, that I had (a while before, for an expert- 
ment not at all belonging to our prefent fub- 


‘jeet) caufed to be colliquated in a certain pro- 


portion. U'por whofé account it fees, the 
mixturé of the inerédiénts' had acquired fuch a 
new féxnue, as, whether by' making the be- 
dies opén one another, or by-what other means 
fdever, fitted tlie mafs to afford us the phasno- 


-menon above recited. And though I made an 


unfuccéfsful trial with a mixture of lead and 


“tin, to produce fuch a flame upon the heated 


iron-in the open air ; yet the newly related:ex- 
periment may fuffice to argue, that there may 
be flames of metallinefulphurs (as the chemufts 
call them) that will be, at leaft, as eafily pro- 
duced without the concurrence of the air, as 
that of common fulphur, and continue to 
burn in our vacuum longer than it. 


THE-T HIRD TIT L E. 


Of the ftrangely difficult Propagation of ACTUAL 


FLAME uz 


Have more than once obferved, that fome 
bodies (whereof I make particular men- 
tion in another paper) though they will 
not be turned into flame by veryintenfe heats, 
and thofe of very differing kinds, are yet very 
readily kindled by an actual flame. So that 
the propagation of flame to contiguous bodies, 
that, according to the hitherto obferved, and 
unqueftioned courfe of things, muft thereby 
in a moment, asit were, be actually inflamed, 
feems to be not only very eafy, but almoft in- 
fallible : and yer; thar this propagation is not 
ealy, or is perhaps fcarce poffible to be per- 
formed. without the affifting prefence of the 
air, may be gathered from the next following 
experiments ; at whofe titles though you will 


“proyatly be furpyzed, in regard, that by the 


two firft experiments’ of the firft title of this 
tract, it will-{carce be expected, that fulphur 
2 


vacuo Boylano. 


fhould be kindled inour: vacuum ; yet I pre- 
fume your wonder will ceafe, when I put you 
in mind, that I formerly took notice to you 
of my having fometimes met with fuch fulphur 
as would be kindled there; and it was whillt 
that well-difpofed parcel of fulphur lafted, that 
I took the opportunity of making with the 
flame of it the trials, to which I now proceed. 


EXPERIMENT I. 


An ineffectual attempt to make flame kindle 
fpunk in an exbaufed recetver. 


Hiv INS placed the often mention cy- 
lindrical plate of iron, firft brought to 
be réd-hot, in a receiver, capable of contain- 
ing two gallons of water ; and having alfo di- 
ligently pumped out the air, we kindled a little 
fulphur upon the heated plate, and then a Bee | 
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-be kindled with that heat. 
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of dried :fpunk, tied to a ftring, was, by the 
help of a turning key, let down to theflame ; 
and when the experiment was finifhed, and the 
fpunk was taken out, we found it in divers 
places, not manifeftly altered fo much as in 
colour ; and in thofe parts, that-had been moft 
expofed to the flame, it was turned toa dub- 
{tance very differing from afhes, being black 
and brittle as tinder, and, like it, exceedingly 
difpofed to be kindled upon the touch of the 
fire, 


EXPERIMENT II. 


An unprofperous attempt to make flame kindle 
camphire without the help of air. 


* ” S a farther confirmation of the difficulty 
, of propagating flame in our vacuum, we 
may annex the following trials. 

In To the lately mentioned receiver we con- 
veyed the. cylindrical plate of iron, made ufe 
of in! the .fonmer experiment ; and when the 
air had been diligently pumped out, we did, 
by the help of the turning key, let down upon 
the hot iren a: piece ief.fuch brimftone, as 
would, indpite of fo difadvantageaus a place, 
A little above this 


 fulphur we had. tied to the fame {tring a, piece 


of camphire, that: being a body exceedingly 
apt to take fires if mot, as it were to draw it, 
dat the fame of lighted brimftone. But our 


.4alphur melting wath: the heat:of the iron cy- 


linder, dropt unluckily from the ftring it was 


{faftened to heford, and for the moft part fell 


off. And-asfoon, as 1t came to the ground, 
where it was diftant. from the vehement heat 


of the metal, the flame.expired, and that part | 


of the-fulphur, that happened, to ftick tq the 
fide of the:iron, was inflamed by it. And I, 


~ that chanced.ta be then in an inconvenient pof- 


ture for deeing the camphire,, could not, -be- 
caufe of thetdmoke of the extinguifhed brim- 


~ ftone, well: difcern what became of it. But 
“my amanuenfis; that happened to be on the 


i 


beft fide of the receiver, affirmed, he plainly 
faw the flame of the brimftone reached the 


-camphine, without bang able to make it flame. 


‘Which feemed. the lefsitoa be doubted of, be- 


-gaufe the'scamphire was by help of the turning 


key let down. Idw enough, and if it had af- 
forded) a flame, the difference of colours. be- 
twixt that and the blue flame of fulphur would; 


have) made it very eafy for me to have diftin- 


Suifhed thems | 

AsorHeR tvial I would have thoroughly 
made: to daindle:one piece of fulphur in our wa- 
cuumm by thenflame of another, tied a little 
lower in the fame f{tnng, that in might firft 


extream: of it was kindled by the contact of 
the hot iron. But though the fulphurated part 
of the match thus flamed away, yet the re- 
maining past, which was a meer piece of card; 
was not thereby turned into flame, nor in moit 
places fo much as fenfibly fcorched or blacked ; 
though, as remember, the match had been. pur- 
pofely dryed before-hand to facilitate its in- 
flammation, 


EXPERIMEN T' JUL 

A firange experiment upon gunpowder, fhewing; 

‘that though it were fired it/elf, yet it would not 

fire the contiguous grains in vacuo Boyliano. 
ff fe HE preceding trials may fuffice to ma- 
wm nifeft the, difficulty of communicating 
flame, without the help of air, from one body 
to another, even when the bodies to be kindled 
are of a very inflammable nature, But be- 
caufe there is no propagation of flame made in 
any bodies, that we converfe with here below, 
with any thing near fuch celerity, as in the con- 
tiguous grains of gunpowder; a great heap 
whereof will, almoft in the twinkling of an 
eye, be turned into flame by propagation from 
any one {mall kindled grain; nothing, feemed 
fitter to manifeft, how much flame is beholden 
to air, than if fuch an experiment could be 
made, as might fhew, that, even amongtt the 
contiguous grains of kindled gunpowder, fiame 
would, not -be propagated without the help of 
air. How far a trial. of this nature may be 


‘made in our engine, the following narratives 


will beft declare. 

We took fome paper, and laying it upon 
fame convenient part of the plate of the en- 
gine, we made upon it a train of dry powder, 
as long as the glafs would well cover ; then; 
carefully faftening on the receiver with good 
cement, we folicitoufly pumped out the air ; 
which done, we took a good burning-glafs, 
and about noon caft, the fyn-heams through it 
upon the train offfome gunpowder: where, 
though the indifpofition to accenfion was fo 
great, that the powder did not only fimoke, but 
melt without going off, and \thg operator; 
though verfed in fuch experiments would not 
allow, that it would fignify any thing to con- 
tinue the trial any Jonger; yet, upon my being 
obftinate to, profe¢ute it, he, beiag willing, to 
follow the experiment, xationally confidered, 
that the receiver, we had been hitherto fain to 
ufe, was fo opacous, as to refift the entrance of 
many of the beams,-:that fhould haye their ope- 
ration upon the powder: whereupon taking a 
finer glafs, that was lately come in, we laid by 
the former, and employed that, which, by 


touch the heated: iron, «andi be, thereby fet,on, .reafon of its tranfparency, fo little weakned 


ihre: byt, ithawgh we :cauld find pothing, hat, 


vwas ‘vifibly. amisy in. the. kind ofidulphur .we 
arathen ufed; yeb-we wera notable, even by a 


rejtévated trial, to make it take, fire upon. the 
iron, where neverthelefs it melted and feemed. 
a little to boil. 

A third trial was not fo unfuccefsful ; for 


/, havitig in the well-exhaufted receiver let down 


upon the very hot iron a match, made of a 
piece of card dipped in brimftone, the-lower 


the beams of the fun, that being’ according to 
my direction held obftinately upon the’ fame 
parts of the train, they were able’ to fire feve- 
ral of them gne after,another, But thongh 
the fun could thus kindle the powder, yet it 
could not make the flame propagate, but only 
thofe parts,that were melted, did at length kin- 
dle and fly away, leaving the reft unaltered, 
as I curioufly obferved, finding feveral little 
maffes of colliquated matter in feveral ee 
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of the train, with the powder unchanged in all 
the other parts of the fame train, that lay ina 
direct line ; befides that fome of the little col- 
liquated maffes were contiguous to the reft of 
the powder, which appeared unchanged, and 
kindled readily, and flafhed all away, as foon 
as I caufed the burning-glafs to be applied to 
it in the open air. 


EXPERIMENT IV. 


Reciting another attempt to confirm the 
former. 


OR further confirmation of fo odd an 

experiment, I fhall alfo add a fhort ac- 
count of another made with gunpowder in our 
vacuum. 

To try on an occafion, that need not here 
be difcourfed of, whether, by the help of one 
of thofe little inftruments, that are now ufed at 
London, to examine the ftrength of powder, 
we could find any difference made by the ab- 
fence and prefence of the air, in the refiftance 
of the inftrument, or the effects of the pow- 
der on it; we faftened it to a competently 
heavy and commodioufly fhaped weight of 
lead ; and when it was carefully filled and 
primed with powder, we placed it in a receiver 
of a convenient bignefs, whence we pumped 
out the air after the ufual manner, and perhaps 
with more than ufual diligence. But though 
at length, after the powder had long refifted 
the beams of the fun, concentrated on it by a 
good double convex burning-glafs, it did, as I 
expected, take fire at the touch-hole, and fill 
the receiver with fmoke; yet this kindled 
powder could not propagate the flame to that, 
which was in the box, how contiguous foever 
the two parcels were to one another. And 
when the inftrument was taken out into the air, 


(by which it appeared how free the touch-hole: 


was) as foon as ever new-priming, with the 
fame fort of powder, was put to it, the whole 
very readily went off: and when, for further 
fatisfaction, we caufed the inftrument to be 
new charged, and upon its taking fire only at 
the touch-hole in the exhaufted receiver, we 
ordered new priming to be added, without fo 
much as taking the inftrument out of the re- 
ceiver, though afterwards the receiver was 
clofed again, but without being exhaufted of 
air; the powder, though clofely fhut up in 
the glafs, did readily go off, as well that, which 
was in the box or cavity of the powder-trier, 
as that, which lay on the outward part of the 
inftrument. And this trial, for the main, was 
repeated with the like fucceds. 


EXPERIMENT . 


Briefly mentioning two differing trials, with two 
differing events, to kindle gunpowder in our 
vacuum. 


OU will eafily believe, that the event 
of the foregoing trials feemed ftrange 
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enough to the ingenious perfons, that I had 
defired to be prefent at them; and pérhaps, 
the attentive confideration of it may well e- 
nough fuggeft fuch odd fufpicions and conjec- 
tures, as I have neither the leifure, nor the 
boldnefs to difcourfe of in this place. 

But here I fhall not diffemble my having, 
by a fomewhat differing way, made a couple 
of trials, whereof, though the firft may con- 
firm the great indifpofition of gunpowder to 
be kindled in our vacuum, yet the fecond feems 
to look another way. 

THE firlt is fummarily fet down in my 
notes to this purpofe. [A few {mall corns of 
gunpowder being included in a very {mall 
bubble freed from its air, and fecured againit 
the return of it, or any other, and then ap- 
plied warily to coals covered with afhes,. did 
not go off, nor burn, but afforded a little yel- 
low powder, that feemed to be fulphur, and 
{ublimed to the upper part of the glafs.] 

THE latter’s event I found in the fame pa- 
per to have been thus regiftered. [But two 
larger bubbles, though ftrong, whereof one had 
the air but in part, and the other carefully 
emptied, being provided, each of them, with 
a greater quantity of powder (though {carce 
enough to promife fuch an effect) a while after 
they were put upon quick coals, each of them 
was blown in pieces, with a report almoft like 
that of a mufket; but though this was done 
in a dark place, yet we did not perceive, whe- 
ther or no there were any real flame pro- 
duced. ] | 

THE event of this trial feems at firft fight 
to contradict the inference, that probably you 
have drawn from the foregoing experiments. 
But yet it may not be unworthy of our inqui- 
ry, whether this way of trial be as proper to 
give fatisfaction to the curious, as that, made 
with the fun-beams, was. And I Ieave it to 
be confidered, whether or no it may not be 
doubted, whether the going off of the gun- 
powder was caufed by a fucceffive, though ex- 
tremely {wift, propagation of real fame, from 
the firft kindled grains to the reft; or did not 
proceed from this, that the coals acting ftrong- 
ly at the fame time on the whole area, or ex- 
tent of the powder, that was next to them, and 
this in the abfence of the air, each grain was 
in that cafe, as it were, a little granado, and 
the heap of them, being uniformly enough 
acted on by the fire, they were made to go off, 
as to fenfe, all at once, as if there had been 
but a contemporary explofion made of them 
all together by the action of the external fire, 
rather than any true accenfion made by the 
flaming grains of the unkindled ones. As I 
remember I have tried, that even in the open 
air one may, with a burning-glafs dexteroufly 
employed, make fome part of a little parcel of 
aurum fulminans go off, whilft the neighbour- 
ing parts of the fame parcel, to which the 
focus does not extend with heat enough, will 
not be made to do fo. 
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NEW EXPERIMENTS 


About the RELATION betwixt 


AIR and the FLAMMA VITALIS of Anmats. 


(Sent to the fame Perfon, to whom the former Papers were addreffed.) 


"Tes twenty experiments hitherto fet 
down under the three foregoing titles, 
by fhewing the relation betwixt air 
and flame in general, may be'ferviceable to the 
inquirers into the nature of the vital flame in 
particular. But yet having had occafion to 
make fome trials, that more directly regard 
the requifitenefs of air to the famma vitalis or 
vital principle of animals ; I fhall now pretent 
you by themfelves, as many as I could light 
on, without being folicitous, that they fhould 
be quite differing from each other ; becaufe in 
fo new and nice a fubjeét, the affinity, that 
may be found between fome, either in regard 
of the fubjeéts expofed to trial, or in the man- 
ner of making it, may be ufeful, if not ne- 
ceflary, to confirm things by the refemblance 
of events, or make us proceed cautioufly and 
diftinétly in pronouncing upon cafes, where the 
fuccefs was not uniform. 


EXPERIMENT I. 


Wherein the durations of the life of an animal, 
and of the flame of fpirit of wine, included 


together ina clofe veffel, were compared. 


E took fome highly rectified fpiric of 

wine, and put about a fpoonful of it 

into a {mall glafs-lamp, conveniently fhaped 

and purpoiely blown with a very {mall orifice, 

at which we put in a little cotton-wick, which 
was but very flender. 

We alfo provided a tall glafs-recciver, 
which was in length eighteen inches, and con- 
tained above twenty pints of water. This re- 
ceiver, which was open at both ends, was at 
the upper orifice (which wasnot wide) covered 
with a brafs plate, faftened on very clofe with 
good cement, for ufes, whofe mention belong- 
eth not to this place; and for the lower orifice, 
which was far the wideft, we had provided a 


brafs-plate furnifhed with acompetentquantity of | 


the cement we employed to keep the air out of 
the pneumatical engine ; by means of which plate 
and cement, we could fufficiently clofe the lower 
orifice (though a wide one) of our receiver, 
and hinder the air from getting in at it. 

TrHese things being thus prepared, we took 
the {mall glafs lamp above-mentioned, and 
having lighted it, we placed both it, and a 
{mall bird, (which was a green-fnch) upon 
the brafs plate, and in a trice faftned it to the 
-lower orifice of the receiver, and then watch- 
Vou. III. 


ed the event; which was, that within two mi- 
nutes (as near as we could eftimate by a good 
minute-watch) the flame, after having feveral 
times almoft quite difappeared, was utterly 
extinguifhed; but the bird, though for a while 
he feemed toclofe his eyes, as though he were 
fick, appeared lively enough at the end of the 
third minute ; at which time, being unwilling 
to wait any longer by reafon of fome avoca- 
tions, I caufed him to be taken out. 

ArFTeER he had fora pretty while, by be- 
ing kept in the free air, recovered and re- 
frefhed himfelf, the former trial was repeated 
again, and at the end of the fecond minute, 
the flame of the lamp went out; but the bird 
feemed not to be endangered by being kept 
there a while longer. 

AFTER this, we put in, together with the 
fame bird, two lighted lamps at once, viz. the 
former and another like it, whofe flames, ac- 
cording to expectation, lafted not one whole 
minute, before they went out together. But 
the bird appeared not to have been harmed, 
after having been kept five or fix times as long 
before we took off the receiver, 

In the tall receiver above mentioned we in- 
cluded a moufe, with a lighted lamp filled 
with the fpirit of wine; but before the expe- 
rument was near finifhed, the moufe, being at 
liberty within the glafs, made a fhift to blow 
out the flame; which being revived without 
taking out either the lamp or the animal, the 
{pirit of wine burned about a minute longer, 
during which time the moule appeared not 
to be grown fick, no more than it did after- 
wards, when, for fome minutes after the ex- 
tinction of the flame, he had been kept in the 
fame clofe and infected air. 

AFTERWARDS we placed the fame moufe 
in another receiver, which feemed to be by a 
third part lefs capacious than the former, and 
in it we alfo fixed a piece of flender wax-candle, 
fuch as is wont to be made up in rolls, and em- 
ployed to light tobacco. This candle con- 
tinued burning in this new receiver but for one 
minute, during which time it emitted ftore of 
{moke ; but this not hindering the animal to 
appear lively enough, even after we had kept 
him much longer in that infected air, the fame 
candle, without being taken out, was lighted 
again, but burned not fo long as before; yet 
it fufhced to darken the receiver, and therefore 
probably much to clog the included air, in 
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which neverthelefs the moufe being kept, by 
our gues, eight or ten minutes longer, he ap- 
peared, neither when he was taken out, nora 
while before, to have received any confidera- 
ble harm by his detention there. 


EXPERIMENT II. 


Of the duration of the life of a bird, compared 
with the lating of @ burning candle and coal 
in our vacuum. 


E took a green-finch and a piece of 
candle of twelve to the pound, and in- 


cluded them ina great capped receiver, capa- 


ble of containing about two gallons, or fixteen 
pound of water, which was very carefully ce- 
mented onto the pump, that no air might 
getin or out. In this glafs we fuffered the 
candle to burn till the flame expired, (which 
it did, in more than one trial, within two mi- 
nutes or fomewhat lefs;) at which time the 
bird feemed to be in no danger of fudden 
death; and, though kept a while longer in 
that clogged and fmoky air, appeared to be 
well enough, when the receiver was removed. 
Afterwards, we put the fame bird into the 
receiver with a piece of a {mall wax taper, 
whofe flame, though it lafted longer than the 
other, yet the bird outlived it; and it was 
judged he would have done fo, though the 
flame had been much more durable. After 
this, we included the fame bird with the firft- 
mentioned candle in the receiver, which we 
had caufed to be often blown into with a pair 
of bellows, to drive out the {moke and in- 
fected air; and then beginning to pump out 
the air, we found, that the flame began more 
quickly to decay, and the bird to be much 
more difcompofed, than in the former expe- 
riments; but ftill the animal outlived the 
flame, though not without convulfive motions. 
The experiment we repeated with a piece of 
the fore-mentioned taper, and the fame bird ; 
which, though caft into threatening fymptoms 
upon the gradual withdrawing of the air, out- 
lived, not only the flame, but the fmoke too, 
that iffued from the kindled wick, which cir- 
cumf{tance was alfo obferved 1n the preceding 
trial, 

Lastiy, having freed the receiver from 
fmoke, and fupplied it with frefh air, we put 
in with the fame bird a piece of charcoal of 
about two inches in length, and half an inch 
in breadth, which had been, jyft before it 
was put in, well blown with a pair of bellows, 
that it might be freed from afhes, and tho- 
roughly kindled; and made hafte to pump 
out the air. This diligence was continued 
not only till none of the fire could be dif- 
cerned by any of the by-ftanders, but till, in 
our eftimation, (which the event juftified) it 
was irrecoverable by the admiffion of the out- 
ward air; which at its coming in found the 
bird very fick indeed, but yet capable of a 
very quick recovery. And this experiment 
was, with the fame animal and coal re-kindled, 
tried over again with the fame fuccefs. 

WHeTHER this furvival of animals, not 
only to a flame, that emits ftore of fuliginous 


fteams, as in this trial, but to that, which is 
made of fo pure a fuel as fpirit of wine, that 
affords not fuch fteams, as in the former expe- 
riment; whether, I fay, this furvival procced 
from this, that the common flame and the 
vital flame are maintained by diftinét fub- 
{tances or parts of the air; or, that common 
flame making a great wafte of the aerial fub- 
{tance, they both need to keep them alive, 
cannot fo eafily as the other find matter to 
prey upon, and fo expires, whilft there yet re- 
mains enough to keep alive the more tempe- 
rate vital flame; or, that both thefe caufes, 
and perhaps fome other, concur to the phe- 
nemenon, I leave to be confidered. 


EXPERIMENT IIL. 


Of what happened to the light of glow-worns 11 
the exhaufted receiver. 


OR the fake of thofe learned men, that 

have thought the light of glow-worms 
and other fhining infects to be a kind of efful- 
fion of the biolychnium, or vital flame, that 
nature has made more Juminous in thete little 
animals than in others ; and which a very emi- 
nent phyfician of the college of Lowdex affrins 
to have felt in a warm climate more than itn- 
fibly hot; I fhall fubjoin on this occafion fome 
trials made on glow-worms, which elfe fhould 
be referred to thofe experiments of mine about 
the relation betwixt air and light, that you 
were formerly pleafed to publish. 

We took two glow-worms, that fhone vi- 
vidly enough, efpecially one of them, whofe 
light appeared {trong and tincted, as if it had 
been tranfmitted through a blue glafs: thefe 
we laid upon a little plate, which we included 
in a fimall receiver of finer glafs than ordinary, 
that we might the better fee what would hap- 
pen: and having for the fame purpofe re- 
moved the candles, that no other light might 
obfcure that of the infects, we waited in the 
dark, till that was confpicuous, and then or- 
dered the air to be begun to be pumped out ; 
and, as we expected, upon the very firft ex- 
fuction there began to be a very manifeit di- 
minution of the light, which grew dimmer 
and dimmer, as the air was more and more 
withdrawn, till at length it quite dijappeared, 
though there were young eyes among the af- 
fiftants. This darknefs having been fuffered 
to continue a long while in the receiver, we 
let in the air again, whofe prefence, as we 
looked for, reftored at leaft as much light as 
its abfence had deprived us of. This experi- 
ment was repeated with one more of thofe in- 
feéts; and the event was, that they all three 
eradually loft their light by the exhauftion of 
the receiver, and regained it, with fome in- 
creafe, as was judged) by the return of the 
air. And in this expcriment we let in the 
air by degrees, and with an interval or two, 
to oblerve, as we did, that, as the diminution 
of light was greater and greater, when the air 
was more and more withdrawn, fo the re- 
turning fplendor was gradually increafed, as we 
pleafed to let in more and more air upon the 
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EXPERIMENT IV, 


Containing a variation and improvement of the 


foregoing trial. 
UT here I forefaw, it might be fufpected, 


that the difappearing of the light in our 
exhaufted receiver did not fo much proceed 
from any real, though but temporary, ex- 
tinétion or eclipfe of it, as from this, that the 
glow-worms having, as I have often obierved, 
a power of drawing the luminous part into 
the opacous part of their body, they might, 
finding themfelves prejudiced by the withdraw- 
ing of the.air, hide their light from our eyes, 
without lofing it, till being again refrefhed by 
the return of the air, they might be invited to. 
protrude it again into the tran{parent part of 
their tails. This fcruple feeming grounded 
upon the nature of the thing, [ thought it 
worth while to remove it by the help of ano- 
ther obfervation, that I long fince made, and 
have mentioned elfewhere about glow-worms. 
Which is this, that, if they be killed whilft 
they are fhining, their luminous matter may 
continue to fhine for a good while after it is 
taken out of their bodies; and accordingly 
having put fome of that, we took out of the 
forcmentioned infects, upon a little paper, and 
included it in the receiver we employed, the 
candIcs being removed, we perceived it to 
fhine vividly enough before the pump was fet 
on work, and afterwards to grow dimmer and 
dimmer, as the air was more and more drawn 
out, till at length it quite vanifhed; and it 
re-appeared immediately upon the air’s return. 
This experiment was reiterated twice more 
with the fame fuccefs for the main. But we 
took notice, that the luminous matter, after 
the air was let in, feemed to us not only to 
have regained its former degree of light, but 
fenfibly increafed it, (as it once happened alfo 
in the experiment made on the living worms ) 
which, whether it was caufed by any rcal change 
made by the recefs and accefs of the air in 
the matter itfIf, or by the greater accufto- 
mance of our eyes to the darknefs of the place, 
1 difpute not; and fhall only add this pheno- 
menon of one of our trials, that having a mind 
to fec, whether a very little proportion of re- 
turning air would not fuffice to reftore fome 
little hght to the difappearing matter, it was 
fomewhat ftrange to obferve, that fo very 
{mall a quantity of air, as was let in before the 
light was revived, was enough to make it be- 
come plainly vifible, though but dim ; in which 
{tate it continued, till we thought fit to Iet in 
- more air uponit. Farther trials I could not 
make with thefe glow-worms, having received 
them but that night out of the country, and 
being the next morning to begin a journey. 


EXPERIMENT V. 
Wherein the former inquiry is farther profecuted. 

FTER the lately mentioned trials we 

made with the glow-worms, having 


procured two or three other of thofe infects, 
whereof one was judged to be as large as three 


f 


ordinary ones, we found, when we had brought 
them out of the country to London, that this 
great worm was dead, as far as we were able 
to judge, and finding him to retain a confi- 
derable degree of luminoufnefs in the under 
part.of his tail, we put him into the fimall re- 
ceiver formerly mentioned, to try, whether, 
after the death of the animal, the fhining mat- 
ter would retain its former properties; but at 


the firft time the air was pumped out after the ~ 


ufual manner, the light was not only not abo- 


.lifhed, but continued vivid enough, and fo it 


did, when the air being Jet in, and again with- 
drawn, the trial was made a fecond time. But 
being unwilling to abandon the experiment till 
we tried it yet further, I caufed the receiver 
to be exhaufted yet once or twice more, and 
at length I perceived, that the light began to 
diminifh, as the air was withdrawn ; and laft 
of all, it fo difappeared, that the by-ftanders 
could not fee it, whereas upon the readmiffion 


- of the air, the light fhone vividly -as before, if 


notimore bright. ‘Fhis experiment was reitera- 
ted with the like fuccefs, and in both thefe times 
the like happened to the light of the dead one, 
and of a living one, that we included with it, 
to be able to compare them together ; though 
there were this difparity betwixt them, that the 
luminous part of the dead worm was much 
larger than that of the living, and the light of 
the latter appeared of a very greenifh blue, 
whereas that of the former feemed to be of a 
white yellow. 


EXPERIMENT VI. 


Made to examine, whether animals be heavier 
dead than alive. 


T isa received tradition, that bodies, when 

dead, are much heavier than the fame were 
when alive : the matter of fact being taken for 
granted, fome will perhaps afcribe the change 
to the utter inability of a dead body any way 
to ali{t thofe, that endeavour to remove it. 
But, according to the general opinion, this 
difference proceeds from the total extinction or 
recefs of the fpirits vital and animal, which be- 
ing fuppofed to be not only agil but light, lef- 
iencd the weight of the body they enlivened; 
and flame being conceived to be the lighteft 
among bodies here below, it is not improba- 
ble, that fome will afcribe the phenomenon to 
the levity of the fame, which by being diffufed 
through the body of an animal, and vivifying 
it, deferves the name of vital. But I would 
not advife any to rely on this conceit, till they 
are duly fatished of the truth of the matter of 
fact; which becaufe I have not yet found, that 
any has endeavoured to try, I fhall on this oc- 
cafion give you the following tranfcript of one 
of my notes about ftatical experiments. 

A moufe, weighing about three drachms 
and a half, being put in one of the {cales of a 
very nice balance, was counterpoifed together 
with a ftring, that was tied about his neck like 
a noofe, and after a while, by drawing the ends 
of it, was there ftrangled. As foon as we 
judged him quite dead, we weighed him again, 
and though nothing was feen to fall from him ; 


yet 
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yet, contrary to the received tradition, that 
bodies are much heavier dead than alive, we 
found the weight to have loft about 7’. of a 
grain; which probably proceeded from the a- 
volation of divers fubtile particles upon his 
violent and convulfive ftruglings with death. 
But this was no more than an experiment of 
this kind, made fome years ago, induced me 
to expect and forctel. 

AFTERWARDS ina larger balance, but a 
very good one, purpofely made for nice expe- 
riments, we took a very young catlin, of be- 
tween ten and eleven ounces in weight, and 
caufed him to be ftrangled on the fame {feale, 
wherein he had been put. But he could not 
be difpatched fo foon as an ordinary full growa 
animal; fo that by that time he was quite dead, 
we found him not only not to be grown hea- 
vier, but lighter by four grains; which did 


An ATTEMPT to produce 


not much furprize us, having elfewhere noted 
the life of fo very young creatures of that kind 
not to be eafily deftroyed for want of refpira- 
tion. And I remember, that, for trial’s fake, 
another catlin of the fame litter with this I have 
mentioned, being included in a receiver, where- 
in another animal of that fize might probably 
have been difpatched in two or three minutes 
by the pumping out of air, was kept there 
fomewhat above a quarter of an hour before 
he appeared to be quite dead. 


ADVERTISEMENT. 


HESE two following attempts falling 

into the hands of the author after the 
preceding experiments were printed, it was 
thought fit to annex them here for the affi- 
nity of the fubject. 


An ATTEMPT to produce Livinc Creatures 


in acho Boyliano. 


ie reference to the opinion of thofe natura- 
lifls, that hold the feeds of living creatures 
to be animated, and efpecially to the hypo- 
thefis of thofe learned men, that affert the 
flamma vitalis lately mentioned ; it may be an 
enquiry of moment, whether or no in the fe- 
minal principles, or rudiments of animals, the 
manifeft operations of life may be excited 
without the concurrence of the air, whofe in- 
tereft in the production and confervation of 
flame may be gathered from the foregoing ex- 
periments. For, it feems likely to prove no 
inconfiderable difcovery in. reference to the 
lately mentioned hypothefis, if it be found, 
that the principle of life in feminal rudiments 
needs, as well as other flames, the concurrence 
of the air to actuate it. 

I thought fit, therefore, notwithftanding the 
great and almoft infuperable difficulties, which 
it was eafy enough for me to forefec I fhould 
meet with, to attempt the hatching of eggs in 
our vacuum: but though I made fome unfuc- 
-cefsful trials of this kind, in order to a difco- 
very about refpiration, (not here to {peak of 
the attempts I made about the animation of 
putrid matter,) yet leaving the mention of 
them to its proper place, I fhall only take no- 
tice in this, what directly concerns the prefent 
inquiry. Confidering then, that pregnant fe- 
males cannot be made to live and bring forth 
young in our exhaufted receiver, and that the 
eges of birds, and fuch greater animals, do, in 
this colder climate of ours, require to be 
hatched by the incubation of the females, or 
other birds; I thought the ficteft fubjects I 
_could both make choice of, and procure for 
the defigned experiments, would be the eggs 
of filk-worms. For, having many years fince 
tried feveral things about thofe infects, and 
among others found, that their eggs would be 
hatched, not only by the heat of one’s body, 


(though that be the uftal way,) bur by the 
warmth of the fun even here in Exgland, if 
they be kept till the {pring be far enough ad- 
vanced: remembering this, I fay, I got a good 
number of filk-worms eggs; and having caufed 
three conveniently fhaped, but very imall re- 
celvers, to be purpofely made, that differed 
very little (and that accidentally) either in 
fize or figure, we conveyed into each of them, 
together with a {mall ftock of mulberry-lcaves, 
fuch a number of eggs, as we thought fuficient 
to make one morally fecure, that at leaft fome 
of them were prolifick: this done, we care- 
fully exhaufted one of them, and fecured it 
againft the return of the air; the two others 
we left full of air: but having left in one a 
little hole for the air to come in and get out 


_at, we {topped the other fo clofe, as to hinder 


al] intercourfe between the included air and the 
external. All things being thus prepared, we 
expofed the receivers to a fouth-window, where 
they might lie quiet, and where I either came, 
or fent to look on them from time to time ; 
the fpring being then fo far advanced, that I 
fuppofed the heat of the fun would be of it- 

felf fuficient to hatch them in no long time. 
As to the fuccefs of this trial, my net be- 
ing able to find any regifter of the particular 
phenomena, that occurred, keeps me from 
venturing to relate it very circumftantially ; 
but this 1 remember in general, that both I 
and others took notice, that in the unexhaufted 
receivers there were divers eggs hatched into 
little infects, that perforated their fhells, and 
crept out of them, though afterwards, for 
want of change of food, or air, or both, 
few or none of them proved long-lived. But 
though the eggs in thefe receivers began to 
afford us little animals in a few days; yet the 
eges in the exhaufted receiver did not, in 
many more, afford us any. And though I 
will 
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will not venture to fay, how long precifely we 
kept them in the fame window, after fome of 
the above-mentioned eggs were hatched ; yet 
(if I much miftake not) it was, from firft to 
Jaft, about three or four times as long; and I 
remember, we kept them till it was thought 
to no purpole to wait any longer, and agreed 
in imputing the not hatching of the eggs by 


the fo long continued aétion of the fun to the 
abfence of the air. 

Wuart other phenomena occured to us in 
making this experiment, and another not un- 
profperous one upon the eggs of flies, you 
may expect, when I can light on my notes 
about them, or have my memory refrefhed by 
thofe, that affifted at the making of them. 


An ATTEMPT made upon Gnarts in our Vacuum. 


Elfewhere mention, that it has been ob- 

ferved by a couple of our virtuofi (whom 
I there name) and feveral times by me, that 
here in England multitudes of gnats are ge- 
nerated of jittle animals, that live, for a part of 
the fummer, like fifhes in the water; and 
confidering, that by thefe a very unufual paf 
fage is made from {wimming to flying ani- 
mals, I thought them very fit fubyects, where- 
on to make the following experiment. 

(Partty to try, whether at leaft an ani- 
mal already living and moving in our vacuum 
may be able to attain the pertection due to it, 
according to the courfe of nature; and partly 
to exainine, whether, in cafe he fhould attain 
it, at leaft the lighter fort of winged infects 
may be able to fly in that place; and partly 
to difcover, whether an animal, that had long 
‘lived in our vacuum, would, when turned to 
a fly, be able to continue alive without refpira- 
tion, he had never been accuftomed to, in its 
priftine form or ftate; we took divers of 
thofe little fwimming creatures, which in 
autumn, efpecially towards the end of it, 
are wont to be turned into gnats, and having 
put a convenient number of them together in 
a fit quantity of rain-water, wherein they had 
been found and kept, into a fmall receiver, 
the air was pumped out, and the veffel fecured 
againft its return, and then fet afide in a place, 
where I could obferve, that the day after fome 
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of thefe little animals were yet alive and 
{wimming to and fro, not without minute 
bubbles adhering to them ; but at the end of 
a day or two after that, I could not perceive 
any of them to furvive their dead companions, 
nor did any of them recover, when frefh air 
was let in upon them. But though this expe- 
riment were the beft I was then able to make, 
yet I refolved, if God fhould vouchfate me 
life and health, to repeat it the enfuing au- 
tumn ; that, wherein it was made, proving 
fo cold and unfeafonable, that a number of 
thefe little creatures, put up with water into 
another {mall receiver, died all within a few 
days, though none of the air was exhaufted ; 
and feveral, that I kept in an ordinary glals, 
that was divers times unftopped to give them 
frefh air, did yet perifh at no ordinary rate. 
And I confefs (as unkind as this trouble of 
mine may feem to the air,) that the failing of 
this and fome other experiments of producing 
animals in our exhaufted receivers was the more 
unwelcome to me, becaufe I had, and have 
ftill a great defire to fee, if it be poffible, 
what would happen to animals, which had 
been produced 1n a place free from the preffure 
of the atmofphere, as if they had been born 
in Apicurus’s imaginary intermundane fopaces, 
upon their coming to be fuddenly furrounded 
with our heavy air, and having their tenderly 
framed bodies expofed to its immediate preffure. ] 
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NEW EXPERIMENTS 


EX PLOSION S 


(Annexed, by way of AppENp1x, to the former PAPERS.) 


men, that are the grand affertors of the 

flamma vitalis (whofe opinion occafioned 
my prefenting you the foregoing experiments) 
do alfo, with the juftly famous Dr. Willis, ex- 
plicate many of the motions of animals, efpe- 
cially thofe performed in the mufcles, by the 
explofions made of certain juices or fluid fub- 
ftances of the body, when they come to min- 
ole with each other: and forafmuch alfo as I 
do not remember, I have heard the maintainers 
of this hypothefis infift on other inftances in 
favour of it, than the going off of gunpow- 
der ; which being not a liquor, but a confift- 
ent and brittle body, and requiring for its ex- 
plofion either actual fire, or a far intenfer heat, 
than can be fuppofed natural in men, and o- 
ther animals; I was induced to fufpect, they 
were not yet provided with better examples; 
and therefore I prefume, it will be looked up- 
on, as a thing neither ufelefs, nor altogether 
impertinent, if, without offering to determine 
any thing about the truth of the opinion, I 
fupply the embracers of it with two or three 
examples of explofions made by the bare min- 
eling of liquors; which I fhall borrow from 
the elfewhere-mentioned notes, that I drew 
up fome years ago, in order to the improve- 
ment of fome parts of phyfick. 


PH nen, that are th as fome of the learned 


EXPERIMENT I. 
Of an explofion made with the fpirits of nitre 


and wine. 


E took fpirit cf nitre,’ fo ftrong, that 

the fumes made the upper part of the 
‘glafs it was kept in, always reddifh; and hav- 
ing put but one ounce of it into a bolt-head, 
with a Jong neck, capable to contain, as we 
gueffed, twelve or fixteen times as much, we 
caufed an equal weight of alcohol, or highly 
rectified fpirit of wine, to be taken, and a lit- 
tle of-it being put to the fpirit of nitre, it pre- 
fently made fo ftrong and quick an expanfion 
or explofion, that fome of it flew out of the 
olafs, and hit againft the cieling of the room, 
(where I faw the mark of it) and falling upon 
his face, that held the glafs, made him think 
(as he told me) that fire had fallen upon it, and 
made him run down the ftairs like a mad-man, 
to quench the heat at the pump. Wherefore, 
bidding the laborant proceed more warily, I 
ordered him to put into the bolt-head but 
part of a {poonful of fpirit of wine at a time ; 
and yet, at cach of a pretty many affufions, 
that I ftayed to fee the effect of, there would 


be a great noife, as of an ebullition, though 


no ftore of froth produced, and accompanied 
with fo great a heat, that I could not hold the 
glafs in my hand; and immediately there would 
iffiie out a copious and red fmoke ; to which 
when I caufed a little candle to be held, though 


at near half a foot diftance from the top of 


the bolt-head, it would prefently take fire, and 
burn at the top of the bolt-head, like a fame 
at the upper end of a candle, till I caufed it to 
be blown out, that frefh {pirit of wine might 
be poured in; which, when it was all min- 
gled with the other liquor, the heat and con- 
flict ceafed. 

Divers other phenomena relating to this 
experiment, (by which I intended to make 
out more things than one) belong not to our 
prefent fubjeét, and are already fet down in 
other papers. But yet it will be pertinent to 
fhew in this place, that the noife and ebulli- 
tion produced in this mixture is not unac- 
companied with a brifkly expanfive, or an ex- 
plofive motion. To make then an exper- 
ment to this purpofe, and yet avoid the dan- 
ger, whereto the making of it unwarily mighr 
expofe both the veflels and us; we put an 
ounce of fuch ftrong fpirit of nitre, as is above- 
mentioned, into a moderately large bolt-head 
furnifhed with a proportionable ftem, over the 
orifice of which we ftrongly tied the neck of 
a thin bladder, out of which moft part of the 
air had been exprefied, and into which we 
had conveyed a {mall vial, with a httle highly 
rectified {pirit of wine: then this vial, that be- 
fore was clofed with a cork, being unftopped, 
without untying or taking off the bladder, a 
{mall quantity, by guefs not a quarter of a 
fpoonful, of the alcohol of-wine, was made to 
run down into the fpirit of nitre, where it pre- 
fently produced a great heat and commotion, 
and blew up the bladder, as far as it would 
well ftretch, filling alfo the fteni and cavity of 
the glafs with very red fumes, which prefently 
after forced their way into the open air, in 
which they continued, for a good while, to al- 
cend in the form of an orange-coloured 
{moke. 
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EXPERIMENT IL 


Of an explofion made with cil of vitiiol and 
oil of turpentine. 


F I had at hand the papers, you have divers 
times heard me fieak of, about heat, I 
could give you the particulars of tome trials 
about explofion, that perhaps you would think 
more pertinent than defpicable: but, for want of 
thofe papers, I muft content myfelf to tell you in 
ceneral, 


Of EXPLOSIONS, 


eeneral, that] remember, that Ihave, more than 
once, taken ftrong oil of vitriol, and common 
oil of turpentine, and warily mixed them in a 
certain proportion, by fhaking them very well 
together ; and that thereupon enfued (what I 
had reafon to look for) fo furious an agitation 
of the minute parts of the mixture, and fo ve- 
hement or fudden expanfion or explofion, as 
did not only feem ftrange to the fpectators, but 
would have proved dangerous too, if I had not 
taken care before-hand, that the trials fhould 
be made in a place, where there was room e- 
nough ; and that even the operator, that fhook 
the veffel, fhould ftand at a convenient dif- 
- tance from the mixture. 


EXPERIMENT IIL. 


About an explofion made by two bodies attually 
| cold. 


Remember not, that I found the affertors 

of explofions in animals to have taken no- 
tice of a difficulty, which to me feems not un- 
eafy to be obferved, and yet very worthy to 
ke cleared. For it is known, that fifhes, and 
thofe efpecially of the vafter fort, can move 
and aét in the waters with a ftupendious force ; 
and yet it is affirmed by thofe, that pretend to 
know it, that the blood of moft fithes is ftll 
actually cold: and I remember, I found the 
blood even of thofe I diffected alive to be fo. 
From whence moft men would argue, that 
even in the vaft fea-monfters there can be 
made no explofions, thefe being ftill effected 
by or accompanied with an intenfe degree of 
heat. 

Ir were incongruous to my defign, to ex- 
amine this difficulty, as it directly regards the 
explofions, faid to be made in animals: but 
fpeaking of explofions in general, perhaps I 
might do the favourers of vital ones (if I may 
fo term them) no unacceptable piece of fer- 
vice, by experimentally fhewing, that it is not 
impoffible, though it feem very untkely, that 
exnlofions fhould be made upon the mixture 
of bodies, which, whilft they feem to put one 
another into a ftate of effervefcence, are really 
cold, nay, colder than before their being 
mingled. Of thefe odd kind of mixtures, I 
remember I have in another * paper jet down 
fome trials, that I made to other purpofes, as 
well with two liquors, as with a liquor and a 
folid body ; which later fort I there mention 
my having made by an improvement of an 
experiment of the excellent Florentine virtuofi, 
And among thofe trials I find one, whofe per- 
tinency to the matter in hand invites me to 
annex as much ef it, as is proper in this place. - 

THERE were put two ounces of powdered 
fal armoniac into a pretty large glafs-tube, 
hermetically fealed at one end; into the fame 
a flender glafs-pipe, furnifhed with two ounces 
of oil of vitriol, was fo put, -that, when we 
pleafed, we could make the liquor run out 
into the larger tube, which, after thefe things 
were done, was clofed exa&ly, fo that nothing 
might get in or out. My defign was, that 


this inftrument fhould be fo warily inverted, 
that the operator might get out of the way, 
and the oil of vitriol, falling flowly upon the 
fal armoniac, fhould, without producing any 
heat, produce an explofion not dangerous to 
the by-ftanders. But whilft I was withdrawn 
to a neighbouring place to write a letter, the 
operator not ftaying for particular directions, 
rafhly iriverted the inftrument, without taking 
care to get away: whence it happened, that 
as foon as ever the contained liquor, being too 
plentifully poured out, came to work on tlie 
fal armoniac, wherewith it is wont to produce 
cold, there was fo furprifing and vehement an 
expanfion or explofion made, that with a great 
noile, (which, as the laborant affirmed, much 
exceeded the report of a piftol,) the glaffes 
were broken into a multitude of pieces, many 
of which I faw prefently after, and a pretty 
deal of the mixture was thrown up with vio- 
lence againft the operator’s doublet and his hat, 
which it ftruck off, and his face; efpecially 
about his eyes, where immediately were pro- 
duced extreamly painful tumors, which might 
alfo have been very dangerous, had I not come 
timely in, and (to add that upon the by) made 
him forthwith diffolve fome faccharum Saturni 
in fair water, and with a foft fpunge keep it 
conftantly moiftened by very frecuently re- 
newed applications of the liquor: by God’s 
bleffing upon which means, within an hour or 
two, the pain, that had been fo raging, was 
taken away, and the fretting oil of vitriol was 
kept from fo much as breaking the fkin of the 
tumors, that it had made. ; 

Tue firft part of the relation of this trial 
might have been omitted, or at leaft fhortened, 
unlefs I had defigned to communicate unto you 
a way of doing what I do not know to have 
been attempted by others, namely to put 
bodies together, when and by what degrees one 
pleafes, after the glafs, that contains them, has 
been hermetically fealed up; which mechanical 
contrivance, efpecially as it may be varied, 
may-be, as I have tried, ufefully applied to 
more purpofes, than it were proper here to take 
notice of. 

But to conclude with a word or two touch- 
ing the foregoing experiment; I fhall only 
add, that another time we made a like trial a 
fafer way, by tying a bladder fo to the top of 
a bolt-head, into which we had before-hand - 
put the fal armontac, that, by warily moving 
the bladder, whence the air had been expreffed, 
we could make fome of the fal armoniac, we 
had lodged in its folds, to fall upon the liquor, 
with which it’ prefently made an explofive 
mixture, that quickly blew up the bladder. 

But thefe, Sir, are bare conjectures, left 
to be, after a farther difcuffion, (if you think 
them worthy of it) determined by you, to 
whom as thefe papers are addreffed, fo they 
are alfo fubmitted by the writer of them. 


I am, 
SIR; 
Yours, &c. 


* About the production or extrication of air. 
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OCCASTONED BY 


‘The OBJECTIONS of the Learned 
Dr HENRY MORE, 


AGAINST SOME 


EXPLICATIONS of New EXPERIMENTS 


made by Mr. 


BOYLE; 


AND NOW 


Publifhed by way of Prisine to the three enfuing TRACTS, 


To th READER. 


HEN I determined to write this po- 

lemical difcourfe, I did not forget, 
y WY that when I firft ventured fome of 
my trifles abroad into the world, my friends 
obtained from mea promife, that after I fhould 
have anfwered the two firft, that fhould ex- 
prefsly write againft me (which happened to 
de thelearned Linus and Mr. Hoddes, ) to fhew, 
that I was not altogether unacquainted with a 
way of defending truths, I would afterwards 
write no book in anfwer to any, that fhould come 
forth againft mine ; for, not only my friends, 
but I, thought it enough for a perfon, that ne- 
ver waSa gown-man, to communicate freely 
his thoughts and experiments to the curious, 
without defpairing, that thofe things, that 
fhould be evidently true, would be able to 
make their own way, and fuch as were very 
probable, would meet with patrons and defen- 
ders, in fo inguifitive an age asours. And in- 
deed I do not find, that either upon the ac- 
count of my writings, or ingenious men’s o- 
pinion of them, I have had much caufe to re- 
pent the keeping of my promile, notwithftandl- 
ing the writings, that have impugned fome of 
mine, but without much prejudice, that I 
know of, either tothe propofed truths, or the 
propofer of them. And therefore I fhould 
not at all have entcred upon a defence of what 


is attacked of mine by the learned Dr. ALore, 
if [ had not fuppofed, that it would not re- 
quire a book, but might be difpatched in a 
preface: for having by me fome little traéts, 
that fhould, though the doctor had never en- 
gaged me, have been imparted to the publick, 
and obferving, that the new experiments con- 
taincd in one or other of them would by an 
eafy application be brought to confirm my 
formerly delivered explications of other phe- 
nomena, and enervate the doctor’s objections 
again{t them; I thought I might, without long 
troubling the reader, or my felf, defend what 
I looked upon as truth, by anfwering fome in- 
cidental paffages of the dottor’s difcourfe, and 
referring the reader, for the main points in 
controverfy between us, to thofe experiments 
of the following tracts, which clearly centain 
the grounds of deciding them. But yet this 
confideration would not perhaps have engaged 
me to write the following preface, if the ob- 
jections I was to anfwer had not been, bya 
perfon of fo much fame, propofed with fo 
much confidence ; and though with very great 
civility to me, yet with fuch endeavours to 
make my opinions appear not only untrue, but 
irrational and abfurd, that I feared his dif 
courfe, if unanfwered, might pafs for unan- 
{werable, efpecialiy among thoic learned men, 

who, 


To the READER. 


who, nct being verfed in hydroftaticks, would 
be apt to take his authority and his confidence 
for cogent arguments; and who (not obferving 
how liberal fome men are of titles to the ar- 
guments, that pleafe them) would make a 
fcruple of thinking, that what is with great 
folemnity delivered tor a demonftration in a 
book of metaphyficks, can be other than a 
metaphyfical deironftration. The care there- 
fore, that what I judge to be true, fhould not 
be made to pals for ablurd, which is a degree 
beyond what :s merely erroneous, by being fo 
fevercly handkd by a perfon of Dr. AdLore’s 
fame and learning, induced me to begin the 
following paper; which fhould have been 
fhorter than now it is, but that I was perfuaded 
to lengthen it beyond what was either neceffary 
or defigned, that I might, by the addition of 
fome few thouchts and experiments on the oc- 
cafions, that were iugectted to me, endeavour 
to clear up and conlirm fome hydroftatical 
truths, that, I fear, are cut by very few either at- 
fented to, or perhaps fu much as underftood, and 
fo might make the reader amends for the trouble 
I was forced to give lum ina difpute, which 
T apprehended he might otherwile think him- 
felt but little concerned in. And he wil, | 
hope, eafily difcern, that Ihave no mind to bur- 
then him in my preface with things not perti- 
nent to the {cope of it, if he take notice, that 
both for his fake and the learned doctor’s, 
(whofe civility I would not leave unantwered) 
{ have reftrained my felf to the detenfive part, 
forbearing to attack any thing in his Enchi- 
ridium Metaphyficum, fave the two chapters, 
wherein I was particularly invaded. . 
But though I have declined the deliver- 
ing my opinion of the doctor’s book, yet | 
dare not forbear owning my not being tatf- 
fied with that part of his preface, which falls 
foul upon Monfieur des Cartes, and his philo- 
fophy. For though I have often wifhed, that 
Icarned gentleman had afcribed to the divine 
author cf nature a more particular and imme- 
diate eficiency and guidance, in contriving the 
parts of the univerfal matter into that great 
engine we call the world; and though | am 
ftill of opinion, that he might have afcribed 
more than he has to the fupreme caufe, in the 
firft origin and production of things corporeal, 
without the Iea{t injury to truth, and without 
much, if any, prejudice to his own philoto- 
phy ; and though not confining myfelf to any 
feét, Ido not profefs myfelf to be of the Car- 
tefian: yet I cannot but have too much value 
for fo great a wit as the founder of it, and too 
good an opinion of his fincerity in afierting 
the exiftence of a deity, to approve fo fevere 
acenfure, as the doctor is pleafed to give of 
him. For I have long thought, that in tenets 


Vor. Il. 


about religion, though it be very juft to charge 
the ill confequences of men’s opinions upon 
the opinions themfclves ; yet it is not juft, or 
at leait not charitable, to charge fuch confe- 
quences upon the perfons, if we have no pres- 
nant caufe to think they difcern them, though 
they difclam them. And fince men have 
ulually the fondnefs of fathers for the off- 
{pring of their own brains, I fee not, why Car- 
tefits himfelf may not have overlooked the bad 
inferences, that may be drawn from his prin- 
ciples, (if indeed they afford any fuch) fince 
divers Icarned, and not a few pious perfons, 
and profeffed divines of differing churches, 
have fo little perceived, that the things ob- 
jected are confequent to fuch principles, that 
they not only abfolve them as harmlefs, but 
extol them as friendly and advantageous to na- 
tural religion. And I fee not, why fo great 
and radiant a truth, as that of the exiftence of a 
God, that has been acknowledged by fo many 
meer philofophers, might not as well imprefs it- 
felf on fo capable an intellect, as that of Mon- 
fieur des Cartes; or that fo piercing a wit may 
not really belicve he had found out new me- 
diums to demonitrate it by. And fince the 
learned Gaffendus, though an ecclefiaftick, had 
been able, as well fafely, as largely to publith 
the irrehigious philofophy of Epicarus himfelf ; 
it feems not likely, that fo dexterous a wit as 
that of Monfieur des Cartes could not have 
propofed his notions about the mechanical phi- 
lofophy, without taking fo mean a courfe to 
fhelter himfelf from danger, as in the moft 
important points, that can fall under man’s con- 
fideration, to labour with great fkill and in« 
duftry to deceive abundance of ingenious men, 
many of whom appeared to be lovers of truth, 
and divers of them lovers of him alfo. And 
I am the more averfe from fo harfh an opinion 
of a gentleman, whofe way of writing, even 
in his private letters, tempts me very little to 
it, becaufe I cannot think him an atheift, and 
an hypocrite, without thinking him (what 
Dr. More has too much celebrated him) to 
call him a weak head, and almoft as bad a phi- 
lofopher, as a man. For, as far as I underftand 
his principles, fome of the moft important 
points of his philofophy (which, if it were 
ncedful, I could name) are interwoven with 
the truth of the exiftence of a God, or do at 
leaft fuppofe it, and are not demonftrable with- 
out it. But I muft not prevent the Cartefians, 
who, now he cannot do it for himlelf, I doubt 
not will apologize for their mafter; though 
looking upon him as a great benefactor to, 
though not the frft founder of the mechanical 
philofophy, I could not confent, by a total 
filence upon fuch an occafion, to become any 
way accciYary to the blemifhing of his memory. 
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STR, 

PON the advertitement you gave me 

yelternight, that I was particularly con- 

cerned in the learned Dr. A/ore’s En- 
chiridium Mietaphyficum, I this day turned o- 
ver the leaves of one, which I have frefhly re- 
ceived from the reverend author himfelf: and 
being affiited by the ferics of the ttles, [I 
quickly lighted on that part of the book, whole 
fubject made me expect to find myiclf quel- 
tioned there, as I prefently found I was. For 
though that civil auveriary is pleafed to omit 
my name, and, the farther to difguife it, eim- 
ploys, inftead of it, a great and unmerited en- 
comium; yet by the book he cites, and the 
experiments, againft which he argues, it is very 
ealily difcoverable, that his objections are meant 
again{t me, who fee yet no caufe at all to be 
{crupulous to own my name, and the doctrine de- 
livered in the paffages heis pleafed to oppofe. 

I doubt nor but you will prefently defire to 
know, what I think of this much expected 
work ; but when I have told you, that I have 
gained time to perufe only (and that but cur- 
iorily) the twelfth and thirteenth chapters, you 
will, I queftion not, excufe a perion, that does 
exceedingly want health, and yet wants not 
almoft continual avocations, if I now content 
mytelf to give you my thoughts of that part 
of the newly-mentioned chapters, which pro- 
perly relates to me; I fay, that part of the 
chapters, becaufe there are others, wherein I 
need not intereft mytfelf. For, to omit other 
paragraphs, the doctor has, in the former part 
of the twelfth chapter, thought fit to feparate 
from my explication of the phenomena in 
queition betwixt us that of the learned Heu- 


ricus Reeius ; and the latter part of the fame 
chapter he employs in an ingentous dilpute a- 
gainkt thofe, that would have the aerial parti- 
cles act with perception and defign, and as he 
{peaks) pro re nata, which opinion you will 
eafily bel:eve I neither was of, nor am like to 
adopt. 

Ir remains then, that fecting afide thofe dif- 
courfes of che twelfth chapter, whercin it is 
needleds, that I fhould make mytelf a party ; I 
proceed to confider thole paragraphs, which 
will be eafily guefitd to be levelled at my ex- 
plications, and by which | muft confef:, I can- 
not at all be yet convinced of their being falie 
ones. But in doing this, I fhall not only, in 
comphance with my prefent hafte, bur allo to 
exprefs my refpect to the learned doctor, for- 
bear to fay any more, than what I fhall judge 
requifite to anfwer the objections, that dircétly 
concern my own cxplications, without med- 
dling, by way of retaliation, with his hypo- 
thefes or opinions, or endeavouring to fet any 
paffages of his writings at variance among 
themielves, or to take thole little advantages, 
which are ufually fought for by difputants. 

J fhall not trouble you, nor tire mytfelf with 
any {chemes, fince the doétor has taken the 
pains to infert thofe, that are neceffary for his 
purpofe, in his book, and I have not my own 
at hand. Wherefore, not doubting, that you 
have by you thofe books of mine he refers to, 
and {uppofing, that you will, whilft you are read- 
ing, have allo this book, with the inferted 
fchemes before your eyes, I fhall not fpend 
time on any further preamble, but immediately 
enter upon the confideration of the objections 
I am to anfwer. 


The FIRS T 


CHAP. I. 

HE firft explication of mine, that the 

learned doctor animadverts upon in his 
twelfch chapter is that, which I give in the 
thirty-third of my phyfico-mechanical experi- 
ments, touching the foring and weight of rhe 
air; where | relace, that the fucker in the air- 
pump of our engine, having been forcibly de- 
preffed to the lower part of the brafs cylinder, 
which yet was carefully clofed at the top, fo 


SECTION. 


that the cavity of the cylinder was cmpty of 
air; this fucker, I fay, would, in this cafe, 
appear {pontaneoufly to remount towards the 
top of the cylinder, though ‘it were clogged 
with a hundred pound weight to hinder its alf- 
cent. Which phenomenon [I aifcribed to this, 
that the fucker being, by the withdrawing of 
the air in the cylinder, freed from the wonted 
force of the {pringy air, that endeavoured to 
deprefs the internal part of it, was not enabled, 
by the appendant weight, to refift the preffure 
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of an atmofpherical cylinder equal in diameter 
to it, which, preffing againft its lower or ex- 
ternal furface, endeavoured to impel it up. 

Now the doctor having, in the two firft 
paragraphs, made a dcicription of my engine, 
(which I fhall now pais over) does in the third 
teach us, that the corporeal caufe, if there be 
any, of the afcent of the fucker, muft be ei- 
ther in the fucker itfelf, or in the almoft ex- 
hautted cavity of the cylinder, or, laftly, in the 
external air. Which premifed, he does in the 
fame third fection, and in the fourth, endea- 
vour to prove at large, that the caufe is to be 
derived neither from the one, nor from the 
other of the two firft. And therefore I, that 
maintain neither of the opinions he difputes 
againft, fhall leave thofe paragraphs of his 
untouched. Nor fhall I meddle with the fifth, 
fixth and feventh, where he argues againft the 
explications of fome, that would folve the 
phenomenon upon fome Cartefian grounds, 
and as well amply, as particularly againft the 
folution, that he fuppofzs would be given of 
it, congruoufly to his own fentiments by the 
learned Regius. Thete difcouries, I fay, of 
the doctor’s I leave untouched ; becaufe it is at 
length in the eighth paragraph, that he im- 
pugns that folution of the phanomenon, 
which he afcribes to me, whofe opinion he 
firft delivers, though not juit in the terms [| 
would exprefs it myfelf; yet I dare fay very 
fincerely, and fo near my fenfe, that I fhall 
forthwith pafs from the eighth fection to the 
beginning of the ninth, where he begins to 
propofe his objeétions, which he is pleafed to 
ufher in with a complement to me, that | 
fhould be very vain, if I looked upon as any 
thing more than a complement. 

To his firft objection, propofed in thefe 
words, Priiud enim, ft bec folutio veré mecha- 
nica fit, que iandem caufa veré mechanica effi- 
gnari poteft gravitaticnis fingularum particu- 
larum, totiufque atmofph.cre in fuis locts ? nam 
quod materiam fubtilem attinet, &c. I anfwer, 
that I did not in that book intend to write a 
whole fyftem, or fo much as the elements of 
natural philofophy; but having fufficiently 
proved, that the air, we live in, is not devoid 
of weight, and is endowed with an elattical 
power or fpringinefs, I endeavoured, by thofe 
two principles, to explain the phenomena cx- 
hibited in our engine, and particularly that 
now under debate, without recourfe to a fuga 
vacui, or the anima mundi, or any fuch un- 
phyfical principle. And fince fuch kind of 
explications have been of late generally called 
mechanical, in refpect of their being grounded 
upon the laws of the mechanicks; I, that do 
mot ufe to contend about names, fuffer them 
quietly to be fo: and to entitle my now exa- 
mined explication to be mechanical, as far as 
I pretend, and in the ufual fenfe of that ex- 
preflion, Iam not obliged to treat of the caufe 
of gravity in general; fince many propofitions 
of Archimedes, Stevinus, and thofe others that 
have written of ftaticks, are confeffed to be 
mathematically or mechanically demonttrated, 
though thofe authors do not take upon them 
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to affion the true caufe of gravity, but take it 
for granted, as a thing univerfally acknow- 
ledged, that there is fuch a quality in the 
bodies they treat of. And if in each of the 
{cales of an ordinary and juft balance a pound 
weight, for inftance, be put; he, that fhall fay, 
that the fcales hang ftill in aquilibrium, be- 
caufe the equal weights counterpoife one an- 
other; and in cafe an ounce be put into one 
of the fcales, and not into the oppofite, he 
that fhall fay, that the loaded fcale 1s deprefied, 
becaufe it 1s urged by a greater weight than 
the other; will be thought to have given a 
mechanical explication of the zequilibrium of 
the fcales, and their lofing it, though he can- 
not give a true caufe, why either of thofe fcales 
tends towards the center of the earth. Since 
then the affigning of the true caufe of gravity 
is not required in the ftaticks themfelves, 
though one of the principal and moft known 
of the mechanical difciplines ; why may not 
other propofitions and accounts, that fuppofe 
Gravity in the air, (nay prove it, though not 
@ priori) be looked on as mechanical? 
CHAP. IL. 
HE next thing the dottor oppofes to 
my explication, is a refolute denial, that 
there is any fuch gravitation, as I pretend, of 
bodies, or their particles, in their proper places. 
But becaufe, for the proof of his negation, he 
refers us to the next chapter, we fhall hereafter 
have a fitter place than this to confider it in. 
Tuirpbty, he tells us, we may juftly 
doubt of the equal diffufion of the fpringy 
power, or the preffure of the air every way. 
In what fenfe, in fome cafes, I admit of a {mall 
inzequality between the preffure of fluids a- 
gainit differing parts of a furrounded body, I 
have * elfewhere declared, and need not here 
difcourfe of ; fince in the cafe before us, and 
in the like, that preffure is inconfiderable e- 
nough to be fafely neglected. And whereas 
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particule tamen atmo[phere deorfum tenderent. 
Eft igitur depreffio qu.edam deorfuin preter vim 
elafticam ipfi fuperaddita;, furfum non item, fed 
elaftica fola, eftque fuppar ratio in preffionibus 
tranfverfis €F obliquis: I prefume, he did not 
fufficiently confider our hypothefis and the na- 
ture of the preffure of fluid bodies, that have 
weight: for water, to which no fpringinefs is 
afcribed, as there is to air, but which atts by 
its weight and fluidity, is able, upon the {core 
of thofe qualities, to buoy up great fhips, that 
the ebbing tide often leaves upon the ftrand. 
Awnp whereas the learned examiner propofes 
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bus addas, difficile effe intelleciu, fi unius cylin- 
dri atmofphere pondus equalis diametri cum 
embolo reflectione in fundum emboli derivetur, 
cur’ non quingque alit evlindr: aerts, qui cir- 
cumfant embolum, in ejus fundum eodem me- 
do fimu! agere poffunt, ita ut vis furfum impel- 
lens ewbolum fextuplo major fit, quam bactenus 
ab bsjus opinionis fautoribus exiftimata cf. 
Quod fi fit, tune certé, fiquo artificio fieri pofft 

us 
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ut univs folius evlizcvi cézio in embolum admit- 
teretur, relqusciin quingque exelufa, {8 pari ta- 
wien facilitate cisbolus Cflemlerel, manifeftum t11- 
dicinin effet, ne aun Guidcin Olindrum atmo- 
[there egere in funds emboli, Jed totam kypo- 
thefvr ingeniofain tantuinncdo clfe fétionem. I 
pretume, hydroftaticians will think this might 
have been foared. For they will tell him, that 
there can no more of a fluid prefs directly up- 
ward againft the cylindrical orifice of a body 
ummeried in that fluid, than a cylinder of that 
Quid of the fame diameter with the orifice, the 
lateral prefiures bearing again{t the lateral parts 
of the cylinder. And therefore if you invert, 
tor inftance, a pipe open at both ends, and 
filled to a height with oil, with common 
water ; the oil, that is kept up by the preffure 
of the water upwards, will keep at the fame 
height as to fenfe, whether the veffel, that 
contains the water, be broad or narrow, pro- 
vided it be fomewhat larger than the orifice of 
the pipe. 

AnD now, to invalidate yet further the pre- 
cedent objections made by the doctor, I fhall 
add, that it need not be thoughtincredible, that 
the atmofphere by its weight, or the fpring of 
the air compreffed by that weight, fhould be 
able to raife up four {core or an hundred pound, 
hanging at the fucker; fince I have * mani- 
fefted two or three years ago, by a clear and co- 
gent experiment, that a little air in a bladder 
will, by its mere fpring, be able to heave up a 
weight of a hundred pound, and this without 
the help of any rarefaction by heat. By 
which experiment may be alfo confirmed, what 
I delivered a while fince about the endeavour 
of the air, that is wont to be included in our 
brafs cylinder, by expanding it felf to thruft 
away the fucker (which, in regard of the 
{tructure of the pump, it can do no otherwife 
than downwards,) with a depreffing force, «- 
quivalenc to the preffure upwards of the atmo- 
iphere, again{ft the external part of the fame 


fucker, 


CHAP. IIL 

Bul T fhall not infift upon the foregoing 
objections, becaufe the learned doctor 

himfeli tells, that their attempts may feem to 

be but light {kirmifhes in comparifon of that, 

which follows. Whereunto I fhall therefore 

apply my attentien. 

Tuts grand objection our learned adverfary 
takes from the already often-mentioned af- 
cent of the fucker clogged with a hundred 
pound weight, and recommends by this intro- 
Etcnim ex ipfis phenomeni vifceri- 
bus robuftiffinum jam contra omnem mechanicam 
tllius folutionem argumentum eruo, ES quod noi 
folum contra vim acris elafticam fupra ditto mo- 
Go explicatam militat, fed ettaim contra Cartefia 
num illun aeris conatum nixiimque, 8c. Which 
premifed, the argument itfelf is thus propofed: 
(lays he, juxta bujus experinienti phe- 
nomenon, vis ila aeris elaftica (nixii{que expan- 
forius) mejor miulto, quain que fiert poteft a rerum 
natura, quangue quotidianis tllis phenoimenis 
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congruit, Nam fi nixus bic elafticus tantam 
vii elefitcam baberet, ut plus centum pond» plum- 
buin furfuin polit propellere, omnes prcfedto re- 
rum terrefiriuim compages tanta viclentid com- 
primerentur, ut nulle, nifi que admodum firmi- 
ter compact.e fint, tante compreffiont refiftere 
poffent, quin refrigerentur, vel partinm collifione 
ita contererentur, ut brevi tempore perirent, E8c. 

THouGH this objection be fpecious enough, 
yet it prefents me with no difficulty, that I 
was not well aware of; as I prefume you will 
eafily perceive by what you will meet with in 
the following papers, efpecially that, which 
confifts of experiments and confiderations 
about the differing preffures of folids, weights, 
and ambient fluids. The nature of which 
preffure and its equality (as far as in our con- 
troverfy it is needful to be fuppofed) will, I 
hope, fatisfy you of the invalidity of the pro- 
pofed objections; efpecially fince the doctrine 
it impugns, namely the weight and preffure of 
the atmofphere, is not a bare hypothefis, but 
a truth made out by divers experiments, by 
which even profefled oppofers of it have pub- 
lickly acknowledged themfelves to be con- 
vinced, 

C ii A P.. cy, 

N the next paragraph (which is the ele- 

venth) the learned doctor adds a further 
objection, wherein he fuppofes, that there is 
Jaid upon a wooden fcale, of the fame diame- 
ter with the above-mentioned fucker, a lump 
of butter of the fame largenefs with the fcale. 
Whence he argues, that if our hypothefis take 
place, the butter muft be preffed againft by 
two cylinders of air, the one prefling it up- 
wards, the other downwards, and the preffure 
of them both amounting to two hundred 
pounds. But, fays he, the butter is not prefled 
at all, as appears by this, that no ferous hu- 
mour is f{queezed out of it towards the edges, 
not fo much as in thofe parts, that lie parallel 
to the horizon, whence the conclufion feems 
eafy to be deduced. 

But in the twelfth paragraph, the doctor 
himfelf propofes a folution, which he might 
eafily forefee I would employ to invalidate his 
arcument ; namely, that the air preffing, as 
well againit the fides of the butter, as againft 
the top and bottom, hinders the mafs from 
horizontally extending itfelf. And whereas, 
by way of reply to this fubterfuge, as it is 
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Jpondeo, quod tamen boc ntbil probibet, quo mi- 
mus in omnes partes horizontales exprimatur hu- 
mor ferofus &P laéteus, firevera effet ulla bu- 
jufinodi preffura elaftica, qualis fingitur: the 
reply is caiy, that the preffure of the ambient 
alr, which is a fluid more fubtil than butter- 
milk, will as well hinder the ftarting out of 
that liquor, as of the parts of the butter itfelf; 
as he will eafily grant, that attentively con- 
fiders the nature of the thing, and remem- 
bers how air keeps water from running out at 
the little holesof a gardener’s watering-pot 
clofed at the top. What the objector adds 
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about the extrufion of what he calls a fubtiler 
element (fuppofed to be harboured in the but- 
ter) by the preffure of the atmofphere, in cafe 
it had any, I think it would not be difficult to 
anf{wer, if we confidered, that a great and un- 
deniable preffure, applied to water, does not fen- 
fibly condenfe it, or deprive it of its fluidity, 
becaufe of the grofsnefs and ftrength of its 
parts. But the argument being but tranfiently 
mentioned by the author, and grounded upon 
a Cartefian fuppofition, that I never employed, 
I leave it to thofe, that may think themfelves 
concerned (which I am not) to make a folemn 
aniwer to. 

Anp whereas our learned examiner fuper- 
adds, Quod tametfi butyri maffa in difci lignei 
[peciem redutia, cujus margo centum vicibus area 
fit minor, interque duas laminas ligneas ejufdem 
forme ac latitudinis pofita, filis fufpenderetur in 
aere tanquam in lance, ita ut preffura aeris 
elaftica, qua ab infra, qua defuper, ducentis fere 
vicibus exceffura fit preffionem in marginem bu- 
tyri, butyrum tamen nibilo arthins comprimetur 
per vim acris elafticam, nec aliter hic afficietur 
guam antea: he feems not to have fufficiently 
confidered the laws of the hydroftaticks, ac- 
cording to which, fuppofing the preffure of 
the atmofphere that he rejects, the butter 
ought not to be deprived of its fhape. For 
the preffure of the ambient air, being equal 
on all fides, if we fuppofe the fuperficies of 
the butter to be diftinguifhed into a multitude 
of little equal portions, each of thefe, whether 
they be firuated horizontally, or on the edges, 
can be preffed againft but by an atmofpherical 
pillar equal to its bafis; and the horizontal 
portions, if I may fo call them, cannot be 
thruft out of place, without there be at the 
fame time fqueezed out fomé of the lateral por- 
tions, which yet cannot be fo difplaced, be- 
caufe they alfo are, with esual force, preffed in- 
wards by little aerial pillars, whofe bafes are 
contiguous to them, and bear again{ft them. 
Which anfwer, though of itfelf fufficient, may 
be much confirmed by the inftance, you will 
hereafter meet with, of a lump of butter, that 
kept its irregular thape, in fpight of a great 
and manifeft preffure of the water, that fur- 
rounded It. 

Anp this anfwer may fuffice to difprove, 
what the doctor annexes in the beginning of 
the thirteenth paragraph, about the vaft ex- 
cefs of preffure, which the air exercifes upon 
the fat and horizontal furfaces of the above- 
mentioned lump of butter, in comparifon of 
the preflure the marginal parts of its furface 
can be expofed to. What he adds, and il- 
luftrates with a fcheme, about the hanc’s be- 
ing affiited with the preffure of the air, it con- 
cerns not me to anfwer. But whereas among 
the places, where the elaftical power of the air 
is underftood not to-reach, he reckons a pail 
full of water, with a lump of butter put in it; 
he fuppofes that, which our hydroftaticks will 
by no means allow, and which is difproved by 
feveral, both of our former experiments, and 
by thofe you will meet with in the following 
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papers. By which it appears, that the preffure 
of the atmofphere is exercifed, as indeed I do 
not fee what fhould hinder it from being, even 
upon bodies, that are quite immerfed under wa- 
ter; and by which, added to what has been hi- 
therto difcourfed in anfwer to the learned doc- 
tor’s objections, you will eafily judge, how de- 
fervedly he fhuts up the arguments, we have 
been examining, with this conclufion. 
ut extra omnem controverfiam pofitum videatur, 
quod nulla eft ejufimodi vis elaftica in aere, qua- 
lem é dottis nonnulli fupponunt, multoque minus 
tam fortis, ut centuim librarum pondus fuperet. 
Quod erat demonftrandum. 


CHAP. V. 


U T this is not all the do¢tor urges a- 

gainft me in this chapter; , for in the 
fourteenth paragraph he feconds his former 
argument by another, drawn from this experi- 
ment of mine, that having taken two round 
marbles, whofe furfaces, that were to be con- 
tiguous, were as well ground very flat, as care- 
fully polifhed; and having placed them one 
directly upon the other, they did in a hori- 
zontal poiture fo firmly cohere, without the 
help of any glue, or vifcous body *, that the 
upper marble being pulled up, would take up 
the lower, though clogged with a weight of 
fourfcore and odd pounds. 

THis experiment, when I many years ago 
firft publifhi®d. it, I referred to the action of 
the atmofphere, which preffing equally and 
{trongly againft the furfaces of both the mar- 
bles, except where they were contiguous, the 
higher could not be drawn directly upwards 
from the lower (and confequently muft be fol- 
lowed by it) by a Iefs force, than that, which 
was equivalent to the weight of as great a cy- 
linder of the atmofphere as leaned upon the 
upper marble. 

THIs experiment thus explained, though it 
hath been judged a very favourable one to the 
hy pothefis, on whofe behalf I alledged it, does 
yet to the juftly famous doctor feem a very 
confiderable argument againft it, though for 
this judgment of his he urges only this reafon, 
that if the force, with which the air preffes 
the lower marble againit the upper, be able to 
fuftain that marble, though clogged with the 
great weight above-mentioned, the fame pref- 
jure of air would much more eafily fupport a 
plate of wood brought to a true plain, and not 
loaded with any weight, if the wooden plate 
were fubftituted to the lower marble, and, in- 
ftead of it, applied to the upper. ) 

But fince the experiment, as I propofed it, 
did upon trial fucceed very well, it had not been 
amifs, if the learned examiner had confidered 
it as it was really and fuccefsfully made, and 
fhewed, why the preffure of the ambient air 
was not able to hinder the feparation of the 
marbles: and his needlefs fubftitution of a 
wooden plate, inftead of the lower marble, 
eaffly fuggefts a fufpicion, that there may lie 
fome fallacy, though not intended by him, in 
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the variation he propofes of the experiment. 
And he feems to have himfelf had thoughts 
of this kind, by taking notice, that it may be 
an{fwered on our behalf, that a wooden plate 
cannot be fo exactly applied to the upper mar- 
ble, but that there will be a little air inter- 
cepted between it and the bottom of that ftone. 
And though, having granted, that it may be fo, 
he employs two pages to fhew, that this in- 
termediate air could not Keep the preffure of 
the atmofphere from fupporting the unclogged 
plate of wood, if it had been that preffuie, 
which, when there was no fuch intermediate 
air, had fuftained the lower marble with all 
the appendant weight; yet I confefs, his proofs 
{eem not to me to be anfwerable to the affu- 
rance he ufes in {peaking of them. His ex- 
amples taken from gunpowder and wind you 
will eafily judge not to be very proper, where 
we are not confidering a force, that acts by a 
fudden and vanifhing impetus, but a conftant 
And as to his other in- 
ftance,which is taken from five men, that thrutft 
again{t the fixth (ftanding with his back toa 
wall) who is but as {trong as any one of them; 
¥ anfwer, that neither is this example near e- 
nough of-kin to our cafe. For each of thefe 
five men is fuppofed to have an equal power 
of thrufting, proper to himfelf, and indepen- 
dent from all, or any of the other four. And 
the fixth man is likewife fuppofed to refift but 
by his own fingle force, without having his 
power of re-acting increafed by the force 
wherewith the others thruft againft him. But 
in our cafe the thing is quite otherwife , for 
fuppofing, that fome aerial particles be fo 
placed, that a folid body hinders them to re- 
coil or expand themfelves, we are to confider, 
that as the contiguous corpufcles of air pref 
again{t them, not by their own fingle weight 
or preffure, but as they tranfmit the aétion of 
all the other particles of the air, which by 
their weight or preffure thruft them on; fo 
the aerial particles, contiguous to the folid 
body, refift not barely by that force, which 
they would have if they were not compreffed, 
but by vertue of the fpringinefs they acquire 
upon the fcore of the forcible inflection they 
fuftain from the action of the corpufcles, that 
either mediately, or immediately, thruft againft 
them; and confequently, in proportion to 
that external force, the elafticity of thefe com- 
prefled particles will be increafed, as we fee, 
that a bow, or other fpringy body, the more 
it is bent by an external force, the greater 
power it has to refift further compreffion. 
Upon which grounds it need to be no wonder, 
that a {mall portion of air, being almoft in- 
cluded in a folid body, and having for fome 
(though but very little) time been expofed to 
the outward air, fhould be capable of refifting 
the preffure of as much of the whole atmof- 
phere, as can come to prefs againft tt. For, 
this preffure of the atmofphere being continual, 
if the f{pringinefs of the aerial particles were 
not now great enough to refift that. preffure, 
they muft neceffarily have been beforehand in- 
flected or comprefied by it, till the endeavours 


* See the Tract about the Preflure of the Air’s Spring on Bodies under water. 
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of the one, and the other were reduced to an 
equipollency. Of which I fhall give you an 
inftance in fo obvious a body as a bubble at 
the top of water. For, though there be but a 
little air included in a very thin and tranfparent 
film of water, yet this little air is fo well able 
to refift the weight of all the atmofphere, that 
can come to bear againft it, that all the pret- 
fure of itis not able to make the film thrink, 
or become wrinkled ; which it would do, if 
the corpufcles of the internal air were not re- 
duced to a fpringinefs, which makes its power 
of refifting equal to the endeavour of the ex- 
ternal atmofphere to comprefs it. And to let 
you fee, that we may well conceive fuch a 
{pringinefs of the air included in the bubbles, 
I have elfewhere related, how, by barely with- 
drawing the preffure of the ambient air frony 
glafs-bubbles, hermetically fealed with air in 
them, not compreffed beyond its ufual ftate, 
the {pring of the internal air would make the 
bubbles fly in pieces: and this will happen to 
ftronger glaffes than bubbles, as you will find 
in one of the former experiments *. And if 
we would illuftrate what we are debating of 
by an example, it fhould not be by confider- 
ing, as the doétor does, the endeavour of five 
men againit the fixth, that hath his back to 
the wall; but that cf five bladders full of air, 
piled up, and refting upon a fixth. For in 
this cafe, whatever force or power of preffing 
we fuppofe in the incumbent bladders, they 
all bear jointly upon the lower, which conti- 
nuing at a ftand, muft thereby be fo com- 
preffed, as to be able to refift their joint en- 
deavours ; as itis manifeft, becaufe otherwit: 
it would not continue in that ftate, but be far- 
ther compreffed ; which is again{t the fuppo- 
fition. . 
THis notion about preflure and refiftance 
I have the more particularly deduced, becaufe 
I found many modern naturalifts, and even 
hydroftaticians themielves, to be great ftrangers 
to it. For which reafon, I fhall add, that I 
have evinced it by purpofely devifed experi- 
ments in the continuation of the phyfico-me- 
chanical experiments + about the air. Were 
it not for this, I fhould perhaps have fpared 
mylelf the labour of fetting down thefe 
thoughts, as not neceflary to the folution of 
the doctor’s objections. For he adinits a layer, 
or (as he aptly fpeaks) an area of aerial par- 
ticles to be interpofed between the upper mar- 
ble and the wooden plate; and therefore the 
flatnefs and ftiffnefS of thofe two bodies mutt 
keep them from an immediate contaét, as well 
at the edges, as by the help of the fame area 
they do eHewhere ; and confequently, that in- 
terpofed air may communicate with the am- 
bient air. From whence the laws of the hy- 
droftaticks (which I have elfewhere fhewn) 
will allow me to conclude, that the weight 
of the atmofphere endeavours to deprefs the 
upper furface of the wooden plate; and fo 
what the examiner urg’es of the inconfidera- 
ble refiftance, that the few aerial particles, in- 
terpofed between the flat bodies, can make 
to the great preffure of the column of air, 
thac 
+ Exper xxv. ard elfewhere. 
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I. 
that thrufts the wooden againft the marble 
plate, would not conclude, though our former 
anfwer could not have been made; fince the 
refiftance, made by the interpofed aerial par- 
ticles to the preffure upwards of the atmof- 
phere, is not, in our prefent fuppofition, made 
by thofe particles alone, but by the weight of 
the lateral and fuperior part of the atmofphere, 
exercifed by the intervention of thefe par- 
ticles. Which being fo, what the learned 
doétor adds, that the weight of the wooden 
plate itfelf is here of no confideration, muft 
needs be a miftake. For the two equal atrnof- 
pherical preffures, the one againft the upper 
furface of the wooden plate, and the other a- 
gainft the lower, countervailing, and confe- 
quently fruftrating the endeavour of each 
other, the gravity of the wood itfelf will fuffice 
to make it fall, as well as if it were preffed 
againft by neither of them. And from this 
difcourfe you will eafily judge, whether the 
doétor had reafon to fay as he does, Quam ab 
omni vatione igiiur abfonum eft, ut fuperficies 
illa five area aerearum particularum, que in- 
finuant fe laminam ligneam inter &? marmor, 
folidam columnam bujufmodi particularum, vi 
elaftica furfum enitentium, contra laminam lig- 
neam obnitendo vincat, ipfamque laminam in ter- 
ram detur bet. 


CHAP. VI. 


HAT he adds in the fixteenth number 

again{t thofe, that fancy the aerial par- 
ticles to be endowed with percention, and to 
act with defign pro re nata, does not all con- 
cern me; and what he adds in the next para- 
graph, wherewith he concludes his twelfth 
chapter, I fhall altogether pais by, as far as it 
concerns the extravagant conceit he oppofes. 
But becaufe at the clofe of the paracraph, he 
makes an inference, which comprizes our opt- 
nion alfo ; fince he concludes, that the experi- 
ment by him alledged, Certifhimum eft indicium, 
particulas aerias nec cum confilio nec fine con- 


filio inferius marmor fuftinere nec fuffulcire : it 


will not be amifs to fhew, that our opinion is 
undefervedly included in the inference ; which 
I fhall do by briefly folving the phznomenon 
the doétor lays fo much weight on. For if 
we conceive with him, that the two flat mar- 
bles formerly mentioned be fufpended, and 
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that to the lower of them, a flat wooden plate 
of the fame fhape and extent be applied; I 
fee no caufe to wonder, why the two marbles 
fhould ftick together, and not the lower of 
them to the wooden plate. For, as I lately 
noted, there being an area, or bed of aerial 
particles interpofed betwixt the marble and 
the wood, the weight of the atmofphere, ex- 
ercifed by the intervention of thofe aerial cor- 
pufcles, ought to be equipollent to the pref- 
jure of the atmofpherical cylinder, that bears 
again{t the lower furface of the plate; which 
confequently by its own weight muft drop 
down: whereas there being no fiuch layer of 
aerial particles interpofed betwixt the two mar- 
bles, the preffure of the ambient atmofphere, 
which touches them every where, fave where 
their polifhed furfaces are contiguous, muft 
keep them ftrongly coherent. 

I prefume I need not mind you, that hi- 
therto I have difcourfed upon fuppofition, that 
the doctor experimentally knows, what he de- 
livers concerning the non-adhefion of an ex- 
actly {mooth wooden plate to a marble one; 
and upon his conceffion, that, becaufe of the 
want of fufficient congruity between the fur- 
faces of two bodies, there is a bed of aerial 
corpufcles interpofed between them. But now, 
T think, it will not be unfit to take notice to 
you, that though to illuftrate, on this occafion, 
a fubject, that is generally fo little underftood, 
as the exercife of preffion among fluid bedies, 
I have anfwered my learned adverfary’s objec- 
tions, as if I had nothing more to fay for my 
explication of the fufpenfion of coherent mars 
bles, than what I many years fince delivered 
in the little tract by him cited; yet I have 
fince abundantly confirmed that explication 
by the 50th of the experiments publifhed in 
my continuation; which if the doctor had 
been pleafed to read, perhaps he would have 
received the fame fatisfaction, that other tearned 
mien have done ; fince there I experimentally 
fhew, that the undermoft marble, without the 
accuftomed clog, would, upon the bare with- 
drawing of the fuftaining air, drop off from 
the upper. And whereas thé two marbles in 
our vacuum would not cohére, as foon as the 
formerly excluded air was let in upon them, it 
did by its fiipervening preffure make them 
ftick together very ftrongly. 


The SECOND SECFION. 


CHAP. 1. 

PROCEED now to the fecond of thoft two 

chapters, that I am interefted to confider, 
in which the learned examiner is pleafed to at- 
tack three or four of my hydroftatical opinions 
and explications; in the defence whereof, I 
hope, I fhall be the lefs put to exercife your 
patience, becaufe the learned doctor himfelf is 


pleafed' to grant me almoft as much as I need 
defire concerning the truth of the hypothefis, 
whereon my paradoxés and explications are 
founded. For whereas the main thing I fup- 
pofed in my hydroftatical papers is, that in 
water, though ftagnant, the fuperior parts do 
actually, though not always prevalently, gra- 
vitate upon the inferior, or (if you will) prefs 
upon them, even when they do not ienfibly de- 
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prefs them ; the doctor in divers places, allows 
this hypothefis to be confonant to the principles 
of the mechanical philofophy ; and according- 
ly having fhewed, that in a fufpended tub of 
water the whole liquor gravitates upon the bot- 
tom of the tub; he fubjoins, Fam verd cum 
tota bec aqua conftet ex particulis aqueis non 
compattis vel concretis, fed folutis a fe invicem, 
tmpofibile eft, ut omnes fundum fitule premant, 
nift infima queque ab oninibus fuperioribus pre- 
qwatur, quemadmoduin claré demonftravimus in 
fecunda feétione hujus capitis s nempe, fi nulle 
caufe nift pure mechanice (quales funt motus 
locals, magnitudo, figura, &c.) in edendo hoc 
poenomeno fe intermifcent. 

Anop elfewhere in the fame chapter he 
fneaks thus of the gravitation of liquors (to- 
wards the clofe of the fecond paragraph.) Ne- 
ceffe utique eff, ut partes fingule gravitent, cum 
totius fit gravitatio, fi non fit aliquid immate- 
yiale principium in rerum natura, &c. And 
adds, at the beginning of the next number ; 
aique fané buic externt motus bypothefi, &F gra- 
vitationis elementorum in propriis locis inde ne- 
ceffarid emergentis, apprimé confonum eff primum 
illud experimentuin, quod fcriptor profert in pa- 
radoxis [uis hydroftaticis. 

Anpb now, Sir, I prefume you do not 
much wonder, if I think thefe conceffions 
reach the main thing I pretend to. For 
though I do as freely and heartily, as the 
doctor himfelf, who, I dare fay, does it very 
fincerely, admit, or rather affert an incorpo- 
real Leing, that made and governs the world ; 
yet all that I have endeavoured to do in the 
explication of what happens among inanimate 
bodies, isto fhew, that, fuppofing the world 
to have been at firft made, and to be conti- 
nually preferved by God’s divine power and 
wifdom ; and fuppofing his general concourfe 
to the maintenance of the laws he has efta- 
blifhed in it, the phanomena, I ftrive to ex- 
plicate, may be folved mechanically, that is, 
by the mechanical affections of matter, with- 
outrecourfe to nature’s abhorrence of a vacuum, 
to fubftantial forms, or to other incorporeal 
creatures. And therefore, if I have fhewn, 
that the phenomena, I have endeavoured to 
account for, are explicable by the motion, big- 
ne{fs, gravity, fhape, and other mechanical af- 
fections of the fmall parts of liquors, I have 
done what I prctended; which was not to 
prove, that no angel, or other immaterial 
creature, could interpofe in thefe cafes; for 
concerning fuch agents, all that I need fay, 
is, that in the cafes propofed we have no need 
to recur tothem. And this being agreeable 
to the generally owned rule about hypothefes, 
that entia non funt multiplicanda abfque neceff- 
tate, has been by almoft all the modern phi- 
Jofophers of different fects thought a fufficient 
reafon to reject the agency of intelligences, 
after Ariftotle, and fo many learned men, both 
mathematicians and others, had for many 
ages believed them the movers of the celeftial 
orbs. 


* See the Tract of the Pofitive or Relative Levity of Todies under water. Exp. I. &c, 
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BY T you will tell me, that the doétor’s 
conceffions will not avail me, fince he 
urges againft the gravitation of the elements 
in their proper places, which gravitation he 
would have to be fufpended by his incorporeal 
principle, an experiment, which he fays is 
meit manifeftly repugnant to our hypothefis. 
Fie conceives then, that in a tub or pail full 
of water, with a perfectly cylindrical cavity, 
whofe diameter is of fixty two parts, there is 
violently kept at the bottom, by the help of a 
{tick, a round plate of wood, whofe diameter 
amounts but to fixty one of thofe parts ; and 
that as foon as ever the ftick is removed, the 
wooden plate will emerge to the top and float. 
Quod, {ays he, prorfus impoffidile effet, fi omnes 
partes aque ab (FG) ad (HF; non folim junétin 
fundum vofis, fed fingule fingulas in eadem ferie 
fubjettas cétu premerent. To which affertion 
he immediateiy fubjoins this argument to 
prove it by; Cum diameter lamine lignee 
(1 M) partes 61, habeat equales, diameter 
vafis (EI 1) babeat 62, manifeftum of, quod fu- 
perficies fundt vafis ad fuperficiem laminc fe ba- 
bet ut 3844, ad 37213 quorum differentia oft 
123 Ltaque rotundum intervalluim inter lotera 
vafis {F marginem lamine ligne habet fe ad 
arean lamine, ut 123 ad 3721, hoc ef, arca 
lamina lignes excedit aream dilti intervalli pluf- 
quam triginta victbus. Ac proinde aqua incum- 
bens lignee lamine excedit maguitudine equai 
incuinbentem dicto intervallo inter marginem la. 
mine {S latera vafis plus quam triginta vicibus, 
pondifque five preffio hujus alterius pondus pref- 
fronémque vincit plufquam triginta vicibus. Aded 
ut impofibile fit, ut equa incumbens predifo 
intervallo ita premat aquam ipfi fubjctham, ut 
hujus vi fublevetur lantina, quam vis tricies ma- 
jor deprimit. Quod (fays he, by way of infe- 
rence) «que abfonum atque abfurdum phanome- 
non effet, 8c. 

Fiow little this ratiocination agrees with the 
experiments I have formerly told you of, a- 
bout the cafes, wherein light bodies will be de- 
tained uncer water, or emerge to the top of it, 
you will eafily perceive, if you compare the 
one with the other, which you may quickly 
do, if you pleafe to compare the doétor’s dit- 
courfe with the following narratives of thole 
trials *, to which alone I might therefore refer 
you. Butyetin the meantime, you may, if 
you think fit, confider a little, whether the 
argument, whereon the doctor lays fo much 
ftreis, be any more than a paralogifin. 

First then, fince according to his compu- 
tation the area of the interval, between the 
fides of the veffel and the edges of the round 
boards, is 123 of fuch parts, whereof the area 
of the board amounts to 3721; it is evident, 
that there muft be room enough for the water 
to pafs between the fides of the veffel and the 
edges of the board, which is fuppofed on all 
hands to be of fome wood lighter in fpecie 
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than water, fince elfe it would not emerge up- 
on the withdrawing of the ftick. 

Next, this board or wooden plate is not 
here intimated, or fuppofed to be (and indeed 
in practice can fcarce be) made exactly con- 
gruous to the bottom of the veffel, and con- 
fequently the water may get in between them ; 
for which caufe it is neceflary to keep the 
wooden plate forcibly down with a ftick; which 
elfe were needlefs. And confequently this in- 
terpofed water will communicate with the la- 
terally fuperior water in the veffel, which fu- 
perior water may, according to the laws hy- 
droftatical, by the intervention of the inter- 
‘ pofed, exercile its preffure upwards againft the 
lower furface of the wooden plate. 

Tuirp ty, the doétor’s fcheme allows and 
affifts us to conceive, (which we may do how- 
ever,) an imaginary plane of water to be pa- 
rallel to the bottom of the veffel, and to pafs 
along the bottom of the board; fo that, of 
the water, that lies between this plane and the 
bottom of the veffel, one part is covered by 
the wooden plate ; and the other, between the 
edges of that and the fides of the tub, is co- 
vered with the incumbent water only. 


CHAP. II. 


HESE things being premifed, I thus ar- 
gue: it is manifefted by hydroftaticians 
after Archimedes, that in water, thofe parts, 
that are moft preffed, will thruft out of place 
thofe, that are lefs preffed: which both agrees 
with the common apprehenfions of men, and 
might, if it were needful, be confirmed by 
experiments. It is alfo evident, that that part 
of the above-mentioned imaginary plane, that 
is covered by the wooden plate, mult be 
preffed by a lefs weight than the ‘other part of 
the fame plane; becaufe the wood being bulk 
for bulk lighter than water, the aggregate of 
the wood and water incumbent on the covered 
part of the fame plane mouft be lighter in {pe- 
cie, than the water alone, that 1s incumbent on 
the uncovered part of the fame plane; and 
confequently this uncovered part being more 
- preffed, than the other part of the plane, the 
heavier muft difplace the lighter, which it 
cannot do but by thrufting up the board, as 
it does, when the external force that kept it 
down is removed. And, to add this upon the 
by, this greater preffure againft the bottom 
than againft the top of bodies immerfed in 
water {pecifically heavier than they is a true 
reafon of their emerfion, as I have elfewhere 
fhewn. So that there, happens no more in 
this cafe, than what ufually happens in the 
afcenfion of bodies in liquors fpecifically hea- 
vier than themfelves, on the account of the 
newly mentioned difference of preffure. And 
it is with an exprefs, or fuppofed, exception 
of fuch a difference, which in many other 
cafés may be fafely neglected, that, which I 
defire you to take notice of, in moft places 
of this difcourfe I fpeak of the preffure of am- 
bient Auids on immerfed folids, as uniform or 
every way equal. 
It is true, that according to the doctor’s fup- 
putation, if the folid cylinder, confifting of 
Vou. HI. 
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the wooden plate, and all the water directly 
incumbent on it, were put into an ordinary 
balance, it would there many times out-weigh 
the hollow cylinder of water alone, that leans 
upon the uncovered part of the imaginary 
plane. And that is it, thacfeems to have de- 
ceived the learned doétor. But there are di- 
vers hydroftatical cafes, wherein the pheenome- 
non depends not fo much upon the abfolute 
weight of the compared bodies, as upon their 
refpective and their fpecifick gravity; on. 
whofe account it is, that a fmall pebble, for 
inftance, that weighs not a quarter of an 
ounce, will readily fink to the bottom of the 
river, on whofe furface a log of wood of a 
hundred pound in weight will float. It is a 
rule in hydroftaticks, that when two portions 
of water, or any other homogeneous liquor 
prefs againft each other, the prevalency will 
go, not according to the abfolute weight, but 
the perpendicular height of thofe portions. 
And accordingly we find, that if a flender pipe 
of glafs, being filled with water, have its 
lower orifice unftoped at the bottom of a vef- 
fel of water, which contains much more of 
that liquor than the pipe; yet if this laft named 
water were, for inftance, two foot high, and 
that in the veffel but one, the water in the 
pipe will readily fubfide, till 1t come almoft to 
a level with the external water, though it can- 
not do fo without raifing the whole mafs of 
water that ftagnated in the veffel. 

Anp now I fhall fubjoin an experiment, 
which, though at firft it may feem flight, and 
was made in leffer glaffes and quantities, than I 
would have employed, if I could have pro- 
cured better accommodations, has the advan- 
tage of requiring no curious inftruments, and 
yet I hope, will'ferve for an ocular, proof of 
the fallacioufnefs of that reafoning the doctor 
Is fo ftrangely confident of. 

We took an open mouthed glafs, fuch as 
fome call jars, and ladies often ufe to keep 
{weet-meats in, which was three inches and a 
half, or better in diameter, and fomewhat 
lefs in depth, and had the figure of its cavity 
cylindrical enough. Into this having putfome 
water to cover the protuberance, wont to be 
at the bottom of fuch glaffes, we took a con- 
venient quantity of bees-wax, and having juft 
melted it, we poured it cautioufly into the 
glafs, warmed before-hand to prevent its 
cracking, till it reached to a convenient height: 
This veffel, and the contained liquors we fet 
afide to cool, in expectation, that when the 
heat, that had dilated the wax, was gone, it 
would fhrink from the glafs, and confequent- 
ly leave a.little interval every where between 
the concave fuperficies of the veffel, and con- 
vex of the hardened wax; which accordingly 
came to, pafs, and faved me the labour of 
getting the wax fhaped for my purpofe with 
tools; which might have been done, but not 
without trouble and lefs exactnefs. And now 
it was eafy for me to try the experiment I 
defigned; for pouring in warily fome water 
between the glafs and the wax, fo that it filled 
all the interval, left between thofe two bodies, 
both at the bottom and the fides, the wax 
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was made prefently to float, being vifibly lifted 
up from the bottom, and its upper part ap- 
pearing a little above the level of the water, 
which was no more than I did, and had rea- 
fon to expect, according to the true principles 
of hydroitaticks. For water being fomewhat, 
though but littl, heavier in fpecie, than wax, 
and that, which was poured into the bottom 
and ftagnated there, being preffed by the col- 
lateral water, every way interpofed between 
the concave part of the glafs, and the convex 
of the wax (fo that this collateral liquor an- 
iwered what I lately called a hollow cylinder 
of water in the doctor’s experiment) that part 
of the ftagnant water, that was leaned upon 
by the wax, being lefs preffid than the other 
part of the fame ftagnant water was by the wa- 
ter incumbent on it; this latter muft difplace 
the former, which it could not do, but by 
raifing up the wax, that leaned upon it. And 
yet this collateral water was fo far from being 
heavier, than the wax its preffure impelled up, 
that both the collateral, and the ftagnant water 
all together, being weighed in good fcales, a- 
mounted to little above a quarter of the weight 
of the wax, which happened by reafon of the 
narrownels of the veiiel, which, if it had been 
wice enough, I doubt not but the experiment 
would have fucceeded, though the wax had 
outweighed the collateral water ten times more, 
than in our experiment it did. But that the 
Jolid body exceeded almoft four times the 
weight, not only of the collateral, but the ftag- 
nant liquor too, docs fufficiently overthrow the 
doctor’s ratiocinaticn. Whole fallacioufnefs 
will yet further appear by two other improve- 
ments, among others, which I made of one 
experiment. 

For, I. though we poured in more and more 
water, as long as the veffe] would contain any, 
the cylinder of wax was but lifted higher and 
higher from the bottom of the glafs, but did 
not appear raifed more, than at the firft, above 
the upper furface of the water ; which argues, 
that it was not at all the quantity of the infe- 
rior water, which was continually increafed, 
but the preffure of the collateral water, which 
continued ftill at the fame height in reference to 
that wax, that caufed the elevation of the body. 

Awp II. to manifeft yet more clearly the 
doctor’s miftake, I devifed the following trial. 
We took a round plate of lead about the thick- 
nefs of a fhilling, and having made it ftick faft 
to the bottom of the cylinder of wax, to make 
this body fink the more directly, we placed 
one after another, upon the upper part of the 
wax, divers grain weights (firft wetted to keep 
them from fioating) till we had put on enough 
to make the wax fubfide to the bottom: for 
the facilitating whereof we had pared off its 
edges ; by this means, the glafs having been at 
firtt almoft filled with water, there fwam about 
an inch or better of that liquor above the upper 
furface of the wax. And laftly, we took off 
by degrees the grain weights, that we had put 
on, till we faw the wax, notwithftanding the 
adhering lead, rife, by degrees, to the top of 
the water, above which fome part of it was vi- 
fibly extant. 


From this experiment I thus argue: it is 
manifeft, that, according to the doctor’s fup- 
pofition, here was incumbent upon the wax 
a cylinder of an inch in height, and of the 
fame diameter or breadth with the round fur- 
face of the wax; whereas upon the removing 
part of the water, that lay at the bottom when 
the wax began to rile, there was incumbent no 
greater weight than that of the coilateral wa- 
ter, and as much of the fuperior and ftagnant, 
as was directly incumbent upon that collatcra 
water (and would have deferved the jame 
name, if we had fuppofed the convex furface 
of the wax to have been continued upwards as 
high as the glafs reached.) But now, where- 
as, according to the doétor’s ratiocination, this 
cylinder of water incumbent on the wax, be- 
ing an Inch deep, and a good deal above three 
inches broad, mutt preis the wax with a ercater 
weight by feveral times, than that, which the 
lateral and hollow cylinder of this ftagnant 
water could have upon the reft of the collateral 
water; yet the height of this ageregate of col- 
lateral waters being the fame with that of the 
wax and the water fwimming upon it, the dif- 
ference of the preffure was fo imall, that barely 
taking off a weight of four or five grains, the 
wax would, notwithitanding the prcffure of 
the water incumbent on it, be impelled up and 
made to float; and by the like weight, put 
again upon it, it would be made to fink, and 
by another removal of fuch a weight, ‘for I 
purpofely reiterated the trial more than once, ) 
it would, though flowly, re-aicend. And thete 
phenomena do fo much depend upon a me- 
chanical aquipollence of preffure, thar even 
four grains would not have been neceffary to 
make the wax rife or fink, if it had not been 
for fome little accidental impediments, that are 
eafily met with in juch narrow glades 3 for 
otherwife in a larger veffel we have made the 
fame lump of wax readily enough fink or float, 
by the putting in or taking off a fingle grain 
or perhaps lefs. 

By this you may fee, that for the reeula- 
tion of hydroftatical things, nature has her 
balance too, as well as art; and that in the ba- 
lance of nature the ftatical laws are nicely e- 
nough obferved. 

You may alfo take notice, upon the by, 
how little the weight of the cylinder of water 
upon a body immerfed in ftagnant water 1s con- 
fiderable, whilft there is a preffure of collateral 
water to counterbalance it; fince in this laft 
trial, though the cylinder of incumbent water 
did continually increafe or decreafe in length, 
whilft the lump of wax was finking or emerg- 
ing; yet the fame defpicable weight of a grain 
or lefs, that was juft able to deprefs it beneath 
the upper furface of the water, did by its pred- 
fure or removal procure its finking to the 
very bottom, or rifing again to the top, and 
on both occafions with an equal flownels, bat- 
ing that little acccleration of motion, that 
ought to happen upon another account, and 
which therefore is to be obferved in the 
wax, during its rifing as well as during its 


finking. 
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CTHLA P. IY. 
OME other phenomena I produced, by 


‘varying the hitherto mentioned experi- 
ment, which are very tavourable to our no- 
tions about hydroftaticks. But, fince they do 
not directly concern the prefent controverfy, 
I fhall in this place only annex a couple, the 
former whereof affords an eafy confirmation of 
that paradox, which we lay as the ground of 
divers others, and the contrary whereof 1s 
maintained not only by doctor More, but by 
many other famous and learned men ; namely, 
that in ftagnant water the upper parts do actu- 
ally prefs the lower. 

We took then a very flender pipe of glafs, 
whofe cavity was narrower than that of an or- 
dinary goofe-quill, that heterogeneous liquors 
may not be able to get by one another in it. 
This pipe, near one end, was bent upwards like 
a fyphon, that it might have a fhort leg, as 
parallel as the artificer could make it to the 
longer. Into this crooked pipe we put a little 
oil, and then held it perpendicularly in a fome- 
what deep and wide-mouthed glafs, filled part- 
ly with water an: partly with a lump of wax, 
of the bignefs and fhape of that already men- 
tioned ; that fo the preffure of the incumbent 
water, upon the open orifice of the fhorter leg, 
might impel the oil into the longer leg, fome- 
what above the furface of the water in the vef- 
fel; which it was convenient fhould be done, 
that we might the better fee the motions of 
the oil, and which we knew muft be done by 
the courfe we took; both becaufe oil is lighter 
in fpecie than water, and confequently required 
not an equal height of water to counterbalance 
it; and becaufe, in very flencler pipes, water 
is wont to afcend a little above’ the level of 
the external water, whereinto they are im- 
merfed. The pipe being, as was faid, held 
upright, it was eafy to take notice by a mark, 
fixed cn the outfide, to what height the oil 
reached in it. 

Now if we conceive a horizontal plane, pa- 
rallel to the bottom of the veffel, to pafs by 
the bafis of the floating wax, it 1s evident by 
what has been formerly fhewn, that, of this 
imaginary plane, that part, on which the wax 
is incumbent, isasftrongly prefled by the weight 
of the wax, as the lateral part of the fame 
plane is by the weight of the water incumbent 
on it; (otherwife thefe preffures would not be 
zequipollent, but the wax would be raifed :) and 
confequently, that part of this plane, that 1s 
placed directly over the orifice of the fhorter 
leg of the pipe,-is no more preffed, than any 
equal portion of that part of the fame plane, 
that is covered by the wax. This body being 
taken out of the water, the liquor fubfided a 
great way in the veifel, and fo did proportio- 
nably the oil in the longer leg of the pipe. 
And laftly, having weighed out in a good pair 
of fcales as much water, as we found the wax 
to amount to, this liquor was, inftead of the 
wax, poured into that which remained in the 
glafs ; whereupon the oil, in the longer leg of 
the pipe, was again impelled up very near to 
the former mark, to which it had been raifed 
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by the wax. Whence we may gather, that 
the water newly put in, though in the air it 
weighed no more than the wax, yet it did as 
much prefs the water, that lay beneath the fore- 
mentioned imaginary plane, and confequently, 
that which was directly over the fhorter leg of 
the pipe, as the wax, that had been taken out, 


_had done. And fince we have already proved, 


that the wax did confiderably prefs that plane, 
it ought not to be denied, that the water alfo 
(which inftead of it was able to impel upon 
the oil in the pipe) did in like manner prefs 
that plane ; and confequently, that water may 
be gravitated in water, as well as a folid body, 
fuch as wax is, can. And this ts the firft ad- 
ditional ufe, I told you, I would make of our 
experiment. 

But, to come now to the fecond, there 1s 
another phenomenon of it, viz. the above- 
mentioned tendernelfs of nature’s balance,whofe 
ufe feems to be of no lefs general concernment 
to the true doctrine of the hydroftaticks. For, 
by duly confidering that phenomenon, and 
reafoning a while upon it, we may be helped 
to rectify that plaufible miftake, which has 
long deluded both philofophers and mathema- 
ticians, and does yet impofe on moft of them ; 
namely, that a body does not actually gravi- 
tate when it does not defcend. For we have 
feen already, and fhall further fhew by and by, 
that the funken wax, and the brafs grains, that 
lie on it, do actually prefs or gravitate upon 
the fubjacent water and bottom of the veffel 
on which it is incumbent; and confequently 
its preffure being not furmounted Ly that of 
the collateral water, which is unable to raife 
it, muft be as great, as that of this collateral 
water. Therefore, when upon the removal 
of a fingle grain, the wax, with its incumbent 
weight, is made to afcend, and that but very 
flowly, it is evident, that it was fo far from 
not gravitating before, becanfe it did not actu- 
ally defcend, that it retained its gravity even 
whilft it afcends: as may appear not only by 
the flownefs of its motion upwards, proceed- 
ing from its being in nature’s balance very lit- 
tle lefs heavy, than it need be, to countervail 
the preffure of the collateral water; but by 
this alfo, that if but a fingle erain be laid on 
it, whe it begins to rife, its afcenfion will be 
checked and hindered, which could not be done 
by the addition of fo inconfiderable a weight, 
if the wax and the adhering metal did not, 
even during their afcent, retain their former 
gravity, though that were fruftrated as to the 
act of defcending, or fo much as keeping their 
{tation by the prevailing preffure of the colla- 
teral water: fo that, fince, as we found, the 
wax and adhering metal amounted to a good 
deal above four-thoufand grains, it did in the 
balance of nature weigh, whilft it was afcend- 
ing, not fo much as a four-thoufandth part leds 
than it did, whilft it was actually defcending. 


CH Ar. YY. 


Should beg your pardon, Sir, for having 
| detained you fo long with my reply to a 
fingle objection of the dottor’s, how pom- 
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poutty foever propofed ; but that I thought it 
not amifs to do fome fervice to the true theory 
of hydroftaticks, by taking this occafion to 
‘prefent you fome things, that I thought not 
unlikely to illuftrate fome parts of that theory, 
though above what was neceffary to anfwer 

he doétor’s argument ; to which, I confefs, I 
was troubled to fee fo learned a man fubjoin 
the following conclufion: Hac tam luculenia 
demonftratio contra gravitationem particularum 
aqua inter fe quamvis juntte fitule fundum ur- 
geant, fi non ht vera atque folida, equidem nec 
mei ipfius nec ullivs unquam mortalis in pofterum 
vatiociniis credam. ButI hope he will not be 
as bad as his word, but will be pleafed to con- 
fder, as well as I do for him, that a man may 
be very happy in other parts of learning, and 
of greater moment, that has had the misfor- 
tune to miftake in hydroftaticks, a difcipline, 
which very few fcholars have been at all verfed 
in, and about which divers of thofe few have 
had the misfortune to err, not only in the con- 
clufions they have drawn, but in the very prin- 
ciples they have embraced. 

To the foregoing argument the doétor, 
though he declares he thinks it needlefs, adds 
in the fifth paragraph another, taken from the 
laft experiment of my hydroftatical paradoxes, 
by which he ingenuoufly acknowledges, that I 
feem at firft fight to have demonftrated what 
I pretend to, about the gravitation of the up- 
per parts of ftagnant water upon the lower, 
And I am forry that I cannot in return ac- 
knowledge, that his objection, at firft fight, 
feemed to me a cogent one, for neither at 
the fecond nor third perufal can I clearly dif- 
cern where his ratiocination lies, fuppofing it 
to be meant for an anfwer to my experiment. 
And though I confulted with fome learned 
members of the Royal Society, whereof two 
are mathematicians, and one his particular 
friend ; yet they all confeffed he had not fuf- 
‘ficiently explained himfelf on this occafion, nor 
could they fhew me to what argumentation I 
might properly direct my reply. Only one 
.of the doctor’s correfpondents, having ferioufly 
perufed his difcourfe, and the annexed fcheme, 
told me, that what feemed the moft probable 
to him, was, that though the doctor was too 
civil to give me, in terminis, the lye; yet he 
did indeed deny the matter of fact to be true. 
Which I cannot eafily think, the experiment 
having been tried both before our .whole So- 
ciety, and very critically, by its royal founder, 
his majefty himfelf. But fince you have your 
felf feen, and made it more than once, I need 
not {pend words to conyince you, that the mat- 
ter of fact is true. 

But after I had in vain fought the doctor’s 
meaning where I expected it, chancing lately 
to caft my eyes on another place, where I faw 
my {cheme repeated, 1 find this paflage in the 
explication he endeavours to give of the phe- 
nomenon by his hylarchical principle: Cum 
werd tam profunde immergitur tubus, ut obtura- 
culum tangat Juperficiem V W, vis retrattionis 
aeris ita dugetur, ut etiam ponderis appenfi fu- 
peradditam depreffionem fuperet. Videtur igitur 
quafi quedam furfum-fultio aeris in tubo contenti, 
ES conformis ac contemporanca aque compulfio tn 
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obturaculum, quo tam firmiter in os valuule com- 
primitur, ibique cum appenfo pondere fuftentatur. 
What confiderable intereft the fuppofed, but 
unproved, retraction of the valve, or the air 
itfelf, can have in this phenomenon, I confefs 
Ido not difcern; not being able to fee, but 
that the experiment would fucceed, when tried 
in vacuo, although all the atmofpherical air 
were annihilated. Butif I miftake the doGtor’s 
meaning, I am to be excufed, fince I do it not 
willingly, and his own obfcurity has been accef- 
fary to it. Nor am I very apprehenfive of be- 
ing unable to defend my account of an expe- 
riment, which (as you know). has had the 
good fortune to recomend the doétrine, for 
the proof whereof I devifed it to many learned 
and curious perfons, feveral of which were 
fufficiently indifpofed to admit it. 

Awnp to avoid all miftakes and difputes, 
that may arife (which I think they muft do 
needlefsly) upon the fcore of the valve em- 
ployed in our experiment, I fhall remind you 
of another, that I remember I have fometimes 
{hewn you, and divers other virtuofi, thoughI re- 
member not whether I have mentioned it in any 
of my publifhed writings. The fum of this 
trial is, that an arbitrary quantity of quick- 
filver being, by fuction, raifed into a very flen- 
der glafS-pipe, whofe upper orifice is {topped 
with the experimenter’s finger, to keep the 
mercury from falling before its time, the open 
end of the pipe with the mercury in it is thruft 
into a competently deep glafs of water till the 
little cylinder of mercury have, beneath the 
furface of the water, attained to a depth, that 
is at leaft fourteen times at great, as the mercu- 
rial cylinder has of height. For then, the 
finger being removed from the upper orifice, 
the glafs-pipe will be open at both ends, and 
there will be nothing to hinder the quick-filver’s 
falling down to the bottom, but the refiftance 
of the cylinder of water, that is under it, 
which cylinder can refift but by virtue of the 
weight or preffure of the ftagnant water, that 
is fuperior to it, though but collaterally placed 
above it: and yet this water being by the pipe, 
whofe upper part is higher than its furface, and 
acceffible only to the air, kept from preffing 
againft the mercury any where but at the bot- 
tom of the pipe, and being about a fourteenth 
part of the weight of an equal bulk of mer- 
cury, itis able at that depth to make the fub- 
jacent water prefs upwards againft the mercury, 
which is but a fourteenth part as high as the 
water is deep, with a force equivalent to that 
of the gravity wherewith the mercury tends 
downwards. And to manifeft, that this phe- 
nomenon depends meerly upon the zquili- 
brium of the two liquors; if you gently raife 


‘the lower end of the pipe towards the furface 


of the water, this liquor, being not then able 
to exercife fuch a preffure, as itcould at a fur- 
ther and greater depth, the mercury prepon- 
derating, will, in part, more or leds, as the 
pipe is more or lefs raifed, fall out to the bot- 
tom of the glafs. But if, when the quick- 
filver is at the firft depth, inftead of raifing 
the pipe, you thruft icdown farther under the 
water, the preffure of that liquor againft the 
mercury increafing with its depth will not 

only 
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only fuftain the mercury, but impel! it up in 
the pipe to aconfiderable diftance from the 
lower orifice of it, and keep it near about the 
fame diftance from the furface of the laterally 
{uperior water. And this experiment may not 
only ferve for the purpofe, for which I here 
alledge it, but allo, if duly confidered and ap- 
plied, may very much both illuftrate and con- 
firm the explication formerly given of the 
feemingly fpontaneous afcent of the clogged 
fucker in our exhaufted air-pump. 

Tre laft argument the doctor urges againft 
the gravitation of water in what they call its 
proper place, is deduced from what happens 
to the divers, who in the middle of the fea, 
though the falt water of that be much heavier, 
than that of frefh water rivers, do not find 
themfelves oppreffed, or fo much as feel them- 
felves harmed or compreffed by the vaft load 
of the incumbent water, 

But that the equality of the preffures of 
an ambient fluid will go a great way towards 
the folving of this difficulty, you will find by 
the experiments and confiderations you will 
meet with in the following * papers, to which, 
for that reafon, Irefer you. And though the 
doctor in this fame paragraph objects, sametfi 
hec pr. ffio equalis fit, nibil tamen impedit, quo 
minis fudliliores paries corporis magifque fluidas 
exprimat {8 elidat : J remember I anfwered 
that exception before, by faying, that thofe 
liquors, that he fuppofes fhould be faueezed 
out, cannot be fo, becaufe therc is as great a pref- 
fare againft thofe parts, at which they {fhould iffue, 
asagainit any ofthe reft, if the parts that fhould 
be fqueezed out, be not too fpirituousand fubtile, 
which if they be, I fhou'd gladly learn how the 
doéctor knows, that no fuch minuteand {pi ituous 
particles are really expelled: efpecially it that 
be obferved, which we fhall foon have occa- 
fion to relate, that a {mall animal, being ve- 
hemently compreffed in water, feemed a little, 
though but a little, to fhrink. 

But that we may the more diftinétly con- 
fider this grand argument, taken from the ex- 
perience of the divers, that is wont to be em- 
ployed by the {chools, and others, for the vul- 
gar opinion, and is now urged by the learned 
doétor to prove his; it will be convenient to 
obferve, that it docs, at once, both propofe a 
queftion, and contain an objection, grounded 
upon the furmifed infolublenefs of that queftion. 

AND to begin with the problem, ‘ whence 
¢ itis, that divers are fo far from being killed 
‘ oroppreffed by the weight of the incum- 
«¢ bent water, that they are not fo muchas 
hurt by it, nay, that they fcarce feel it at 
alle’? We may take notice, that there is in 
it fomewhat fuppofed, as well as fomewhat 
demanded. For, in the queftion, it is taken 
for granted, that divers, though at never fo 
great a depth, feel no preffure exercifed againft 
them by the water; which is an aMirmation 
in point of fact, of whofe truth I make fome 
quettion, for the reafons I fhall ere long 
have occafion to mention. 

But it will clear the way for what is to fol- 
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low, if I here divide the noble and difficult 
problem, we are to confider, into two quefti- 
ons; the firft, why a diver fhould not be op- 
preffed and crufhed to death by the preffure 
ef the incumbent and ambient water. And 
the fecond, why at leaft he fhould not be 
made fenfibly to feel it, by fuffering fome 
confiderable inconvenience from it. 

In an{wer to the firit of thefe queftions, you 
will eafily perceive, that divers things may be 


pertinently applied, that you will meet with 


in the following paper, to fhew the difference 
betwixt the preffure of fluid, and that of folid 
bodies. And that de faéto the preffure of 
water may be exceeding great, without de- 
{troying an animal quite furrounded with that 
liquor, I have long fince fhewn in another + 
treatife, by the experiment of a little tadpole, 
which being, together with the water it fwam 
in, included in a bent glafs fealed at one end, 
the animal was not killed or fenfibly hurt, but 
only (according to what was lately noted by 
anticipation) {cemed to fhrink into fomewhat, 
and but little, leffler dimenfions. 

Ir it be here alledged, that this experiment 
makes rather againit me than for me, the 
learned doctor having made ufe of it witha 
{cheme to explain it in his fixteenth paragraph ; 
it will be fit for me to confider his objection. 
Having then recited the matter of fact newly 
delivered, he adds, Quod certé fieri non poffet 
nifi juxta legem quartam contrufio particularum 
aque contra fe invicem principio bylarchico inbi- 
beretur €8 eluderetur. Atque bine fit, ut quam- 
vis aqua in tubo( ABC) vt trudis (G F) ali- 
quanto falta fit condenfatior, partes tamen fic 
compref[e, ut propius ad fe invicem accedant, ni- 
hilo inde inter fe ftunt comprimentiores. And 
then fubjoining the following paflage, Neque 
enim fequitur ex earum contaciu, quod premant fe 
invicem, quandoquidem particule, uti fit in duris 
corporibus, in unum coalefcere poffunt, ES tamen 
nonimutua fe premere;, (wherein are fome things 
that might be queftioned, if it were neceffary ;) 
he thus purfues his difcourfe: Cam vero bic 
porticule aque, fi omnino premerent. fe invicent, 
preffura in gyrinum, columne aquee, ducentos 
vel trecentos pedes, enee vero, plus viginti vel 
triginta pedes alte, preffionem adequaret, lucu- 
lentum eft indicium, quod revera particule fe in- 
vicem non premant. Nam plané eft incredibile, 
colummam eneam pro corpore quidem gyrini la- 
tam, fed altam viginti vel triginta pedes 9 am- 
plius, gyrineque ad perpendiculum incumbentem, 
omnia vifcera tam tenelle gelatine non effe eli- 
furam. Notwithftanding which allegation I 
am apt to think, you will judge the argument, 
from this experiment, to be more probable on 
my fide than on the doctor’s. For there being 
in our cafe an animal, exceedingly much more 
tender than a man, expofed to a preffure, 
which he affirms is fo great, that if it were 
exercifed on the tadpole, it ought to fqueeze 
out all his guts, I think, 1 may pretend to 
have given a pertinent inftance, that a diver 
may be at a confiderable depth under water 
preferved from being crufhed to death by the 


* The Author means the new experiments of the differing preffure of heavy folids and fluids, 
+ The Author points at the Appendix to the Hydroftatical Paradoxes. 
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weight of it. And whereas the doctor tells 
us, that the caufe of the incolumity of the 
tadpole is, that the preffure or contrufion of 
the particles of the water againft one another 
is hindered or fruftrated by the princrpium by- 
larchicum, 1 reply; that what I affirm is mat- 
ter of fact, and evident, (namely, that there 
was a great external force duly, and yet inef- 
fectually applied to prefs to death, by means 
of the water, the anima] fwimming in it;) 
but that this mechanical force was fufpended, or 
made ineffectual, by fome invifible and imma- 
terial agent, is but the doctor’s hypothefis, 
and athing, which, whether it be true or no, 
is at leaft not manifett. 

Haviwne faid thus much about the firft 
queftion ; I now proceed to the fecond, ‘* Why 
“¢ divers, though at never fo great a depth, 
“© complain not of the preffure of thewater, nor 
‘© fuffer any harm not inconvenience by it?” 

Awnp here, Sir, the queftion highly merit- 
ing a particular cutiofity, I fhall not {cruple 
in the more full enquiry I am now entering 
upon, as well fometimes to employ and inlatge 
particulars already mentioned in the laft of the 
following papers, as oftentimes to ftrengthen 
them with new ones. And I fhall alfo, fora 
while, fufpend my difference with the doctor, 
and addreffing myfelf to you, who, I am 
fure, will allow me, that water weighs in wa- 
ter, propofe, according to my cuftom, not as 
a dogmatift, but as an enquirer, fome particu- 
lars, that may tend to the folution of a pro- 
blem, which J take to be as difficult as noble. 
Not that I doubt, but it muft and will be ex- 
plicated upon the mechanical principles ; but 
partly, becaufe the application of them to the 
folution, will not offer itfelf to every feeker ; 
and partly, becaufe we are not yet well fur- 
nifhed, either with experiments made on bo- 
dies under water, or fo much as with fo com- 
petent an account of the matter of fact, as I 
think may keep wary men from _hefitations 
about it. For what is commonly reported 
concerning the divers, is (as has above been 
intimated) grounded but upon their own rela- 
tions and anfwers, perhaps amplified or pro- 
cured by leading queftions from perfons, who 
are generally either flaves or ignorant men, 
taken from the lefs fober part of the illiterate 
vulgar, and prepoffeffed with the cofnmon opt- 
nion of the non-gravitation of water in its own 
place ; and confequently are not like to make 
over-accurate obfervations, but prone to refer 
the inconvenient alterations, they feel, to any 
other caufe, than the preffure of the water, 
which they are taught to be none at all. If 
obfervations about diving were made by phi- 
fofophers and mathematicians, or, at leaft, in- 
telligent men, who would mind more the 
bringing up out of the fea inftructive obfer- 
vations, than fhipwracked goods, we fhould 
perhaps have an account of what happens to 
men under water, differing enough from the 
common reports. 

You will in one of the following papers 
find mention of a learned phyfician of my ac- 
quaintance, that, upon his diving leifurely, 


percerved a conftriction to be made of his 
thorax by the action of the furrounding fea- 
water. 

A Spanifh prelate, that lived long in Ame- 
rica, {peaking of the deplorable condition of 
thofe wretched Indians, that were employed 
by their inhuman mafters about the fifhing for 
pearls, gives us this account of them : 
any long feafon under the water, without 
taking breath, the continual cold piercing 
them ; and fo they die commonly parbreak- 
ing of blood at the mouth, and of the 
bloody-flux caufed by the ftomach. Their 
hair, which are by nature ¢ole-black, alter 
and become afterwards a branded ruffet, like 
to the hairs of fea-wolves, &c.’? 

Anpb a general of the Englith in the Eaf- 
Indies, being by them employed on an em- 
bafly to the emperor of Fapan, has this paf- 
face concerning fome female divers, that he 


met with in his voyage: ‘* All along this Purch. 


‘¢ ft Purch. 


is impoffible, that men fhould be able to live To™- a 
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‘* coaft, and fo up to Ozaca, we found women Tom f. 


cc 


‘© family in boats upon the water, as in Hfol- 


land they do the like. ‘Thefe women would 
‘¢ catch fifh by diving, which by net and line 
** they miffed, and that in eight fathom depth. 
‘© Their eyes, by continually diving, grew as 
red as blood, whereby you may know a 
diving woman from all other women.” JI 
know it may be faid, that thefe difeafes may 
proceed from the coldnefs and moifture, or 
other qualities of the fea; nor would I confi- 
dently reject frch a furmife: but ir may alfo 
be poffible, that the compreffion, they fuffered 
under water, might have, at leaft, a fhare in 
the production of thefe ill effects. For how 
are.we yet certain, that the preffure of the wa- 
ter again{t their bodies, though it does not ma- 
nifeftly diflocate any folid or firm part, but 
only fomewhat prefs inwards, as in the above- 
mentioned tadpole the outward fkin and the 
fibres, (both which will eafily yield a little way, 
without being painfully ftretched,) may not, 
by {traitening the veffels, and otherwife incon- 
veniently alter the circulation of the blood 
and the motion of the humours, {pirits, and 
other fiuid parts of the body? And I am not 
fure, that much of the cold, that divers are 
wont to complain of, when under water, may 
not be a difaffection produced in the nervous 
and membranous parts, occafioned by the 
compreffion of the ambient water, there being 
divers things, and preffure among others, be- 
fides actual cold, that will make men complain 
of being cold ; and in our cafe, this fenfation 
may be excited, or affifted, by the hindering of 
the ufual perfpiration at the conftipated pores 
of the fkin. And it feems not impoffible, 
that one, not fo ignorant and heedlefs as di- 
vers are wont to be, may refer a new fenfa- 
tion, that really proceeds from preffure, to 
other caufes ; fince learned and intelligent men, 
when prepoffeffed (as thefe common divers ufu- 
ally are) with the vulgar opinion about the 
non-graviation of water and air in their natural 
places, do almoft always refer * an experiment 
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of my engine to fuction, which is indeed the 
effect of the preffure of the ambient, (as I 
have * elfewhere clearly fhewn,) and affirm, 
that the pulp of the finger, or hand, is drawn 
up into a hollow pipe, into which it is indeed 
thru{t by the weight of the ambient air. But 
all thefe things I have mentioned, not as if [| 
laid any great weight upon each of them, but 
to let you fee, that it was nor altogether with- 
out caufe, that I complained of the incompe- 
tency cf the hiftory of what divers feel under 
water; efpecially at great depths, where this 
want of information may be more confidera- 
ble: for, as far as I have yet learned by pe- 
rufing voyages, and enquiring of travellers of 
my acquaintance, the places, where they are 
wont to dive for pearl, are but moderately 
deep, and indeed fhallow, in comparifon of 
the great depths of the-fea ; fo that if we were 
furnifhed with as many relations of thefe pro- 
found places, as we have of the others, pof- 
fibly the accounts would be different enough 
to render doubtful, or correct the received opi- 
nions about the conditions of divers at the bot- 
tom of the fea. For, IT remember, that a cre- 
dible eye-witnefs, who, if I miftake not, was 
the intelligent Oviedo, {peaking of the pearl- 
fifhing on the American ifland of Cubagua, 
has, among many other notable obfervations, 
fuch a paffage as this: ‘“* But whcreas the 
¢ place is very deep, a man cannot naturally 
« reft at the botrom, by reafon of the abun- 
«© dance of aery fubftance, which is in him, 
“¢ as J have oftentimes proved. For although 
«¢ he may by violence and force defcend to the 
“ bottom, yct are his feet lifted up again, fo 
«¢ that he can continue no time there. And 
«¢ therefore where fea the is very deep, thefe In- 
“¢ dian fifhers ufe to tie two great {tones about 
«¢ them with a cord, on each fide one, by the 


<¢ weight whereof they deicend to the bottom, - 


‘© and remain there, until them lifteth to rife 
“© again, at which time they un:oofe the ftones, 
and rife up at their pleafure.”’ 

Anp now to come cloier to the explication 
of our dimicult problem; there yet occurs to 
me nothing more likely in order to it, than 
what I have already mentioned in the paper 
you will mect with about the differing preffures, 
&c. And therefore it fhall here fuflice me to 
enlarge, and by further confiderations and cx- 
periments confirm, what is there more fum- 
marily difcourfed ; namely, that the phzeno- 
menon may depend, chiefly, upon thele two 
things, the uniform preflure of the fiuid am- 
bient, and the robuft texture of a human body 
expofed to this preffure. 

In one of the following + papers, you will 
find examples of the great preffure, that may 
be fuftained unharmed by fuch frail bodies as 
eges and thin glafics, that one would expect 
fhould be broken in pieces thereby, provided 
the preffure be exercifed by the intervention 
of an ambient liquor; as water. And by the 
account, elfewhere referred to, of the taclpole, it 
feems highly probable, that even that tender 
animal, when it feemed by fome fmall dimi- 
nution of the bulk to be every way a little 
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compreffed inwards, was put to no confidera- 
ble, or perhaps to any fenfible, pain or incon- 
venience, fince it feemed to fwim without any 
irregular motions, which would in likelihood 
have enfued, if it had been much harmed or 
incommodated. Which example, with thofe 
formerly pointed at, may teach us, that there 
may be a vaft difference betwixt the refiftance, 
that a body can make, when compreffed im- 
mediately by folid bodies, and when in the 
compreffion every way ambient fluids inter- 
vene. Which you will the lefs admire, if you 
confider, that by reafon of the grofsnefs, hard- 
nefs, or rigidnefs of vifible folid bodies, the 
prefiure can never be made every where fo 
equally, as by the parts of liquors, whofe 
{mallnefs, which renders them fingly invifible, 
fits them to accommodate themfelves far more 
clofely and conveniently to all the fuperficial 
parts of the body immerfed in them, and to 
have the force of the compreffing body more 
uniformly diftributed to them. But becaufe 
the inftances referred to are taken from bodies 
furrounded with water, I will take two or three 
about the refiftance of bodies to violently com- 
prefied air; partly, becaufe thofe made in our 
engine are wont to be performed with air, not 
condenfed, but rarified or expanded beyond 
its uiual confiftence; and partly, becaufe it 
will not be denied, that the corpufcles of air 
may be really compreffed or thruft againft one 
another, fince it is clear, that they may be 
crouded into far lefs room, than they poticied 
before, and bear fo ftrongly againft the glaffes, 
that imprifon them, as not feldom, if too much 
compreffed, to burft them in pieces. 
ConsipeR thehy, that among bodies not 
fluid, the {wims of fimaller fifhes are likely to 
be judged none of the moft able to refift 
compreffion, fince they confift of bladders fo 
thin and delicate, that a piece of fine Venice 
paper is very thick in comparifon, and that 
they contain nothing in them but foft air, not 
comprefied by any outward force. I caufed 
one of thefe bladders, of above an inch in 
length, and proportionably great, to be taken 
out of a roach, and anointed it with oil to 
keep it fupple, and preferve it from being 
pierced or foftened by the water; and having 
by a weight of lead, faftened to the neck of 
it, let it down to the bottom of a hollow cy- 
lindrical tube, fealed at one end, and made 
purpofely large, and about 56 inches long, for 
jome hydroftatical experiments ; we could not 
perceive, that by the weight of all the incum- 
bent water it was manifeftly comprefled, or 
that it did difcover the leaft wrinkle or other 


depreffion of the very thin membrane, though » 


ftuffed but with air, And this trial was made 
more than once with the fame fucceifs ; and 
yet, that this proceeded rather from the roe 
buftnefs of the bladder, that was able to refift 
the weight of a taller pillar of water, than 
from the non-gravitation of water in the upper 
part of the tube on that in the lower, we 
fhewed, by prefently letting down fuch a mer- 
curial-gage, as is defcribed, and often mentioned 
in the Continuation of our New Experiments. 


For 
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For letting down this by a ftring to the bottom 
of a tube, the weight of the incumbent water 
forced up fome of the mercury out of the 
open leg of the fyphon into the fealed one, 
and coniequently compreffed the air included 
there, which though it were not very much, 
yet it was very manifeft. For the uncom- 
preffed air being three inches and # in length, 
we judged it at the bottom of the tube about 
3 by the intrufion of the mercury, that was im- 
pelled up; and to fatisfy myfelf, and others, 
that if the incumbent water had been heavy 
enough, it would have vifibly depreffed the 
bladder in {pite of any principium bylarchicum, 
fince I could not have a tube long enough, 
the -bladder was funk into a chryftal glafs, that 
had a long and cylindrical neck, and was fo 
well ftuffed with a ftopple, that was cylindrical 
too, that it was very difficult for any thing to 
get out betwixt it and the orifice of the glafs ; 
then a competent quantity of air being left 
above the water, the {topple was warily, and 
by degrees thruft down, and fo leffening the 
capacity of the glafs, compreffed the air, that 
was next it, and by the intervention of that, 
the water, that was under it. And though there 
did not, upon a flight compreflion of the out- 
ward air, appear any fenfible operation upon 
the bladder, that was at the bottom of the 
water ; yet, upon a farther intrufion of the 
ftopple, the preffure being increafed, the im- 
merfed bladder difcovered not only one, but 
two confiderably deep wrinkles, which pre- 
fently difappeared upon the drawing up of 
the ftopple. Upon whofe being thruft in a- 
gain, depreffions were again to be feen on the 
fwim. And we having een careful to con- 
vey into the fame glafs fuch a mercurial gage 
as has been lately fpoken of, we eftimated, by 
the condenfation of the air in the fealed lee of 
that gage, that the bladder had been expoled 
to a preffure, that might. be equivalent to that 
of a pillar of about forty foot of water. 
Tuis I hope will Icffen the wonder, that 
bodies of fo firm a texture as thole of lufty 
men, fhould fupport the preffure of the water 
at fuch depths, as divers are wont to ftay at; 
fince we fee, what refiftance can be made by 
fo exceding thin and delicate a membrane ftuffed 
only with air, in comparifon of the {trong 
membranes and fibres of a man, ftuffced befides 
air, with more firm parts. I will not here urge, 
that great weights may be fuftained in the air 
by fuch tendons, or cords of fibres, and by 
other fibres, as it were, interwoven into mem- 
branes, in comparifon of what an erdinary man 
would expect: but I {hall invite you to con- 
fider with me, that not only upon the account 
of the ftable parts of the human body, but of 
the fpirits too, it may refift very violent pref- 
fures (and fuch as perhaps have not vet been 
confidered) of a fluid body, not only without 
any manifeft contufion or diflocation of parts, 
but without any fenfe of pains which I fup- 
pofe you will grant me, if, confidering what 
great effects gufts of wind have upon doors, 
trees, nay matts of fhips, blowing them down, 
nay breaking them ; and that yet a man, with- 


out being extraordinary ftrong, will ftand a- 


gainft the impetuofity of fuch a ftrong wind, 
and walk directly againft it, by vertue of the 
vigour of his mufcles and fpirits, without be- 
ing thrown down, or bruifed by fo violent 
a current of air, as beats upon him, but with- 
out fo much as complaining, that he feels any 
pain ; and this, though the wind that beats a- 
gainft him, however it be a fluid body, yet 
becaufe it acts as a ftream, does not uniformly 
comprefs him, but invade only the fore-part 
of his body. Likewife, in the lifting up heavy 
weights by porters, carriers, and other lufty 
men, we may fee the flender tendons of the 
hands loaded with a hundred, or a hundred and 
fifty, or perhaps a far greater number of pounds, 
without having their fibres fo far compreffed, 
or {tretched, as to make the lifters complain of 
pain, though fometimes they may of difficulty. 
So that, (as I could, if it were needful, con- 
firm by other inftances) a human body is an 
engine of a much firmer ftru€ture than {cho- 
Jars are wont to take notice of. And here let 
me add, that I doubt whether, if the ftruc- 
ture of a man were not confiderably (though 
not perhaps equally) firm, hé would, efpecially 
in adeep fea, be able to bear the preffure of 
the water, though not immediately applied, 
without pain. For (to give you one reafon 
more of my not acquiefcing in vulgar reports 
about diving) having feveral times converfed 
with a man, apt enough both to enquire and 
obferve, who got his living by taking up 
fhip-wrecked goods, he anfwered me, when I 
afked him, whether he felt any peculiar pref- 
fure again{t the drums of his ears, which are 
membranes net fo well backed as thofe of o- 
ther parts ; that when he {ftaid at a confidera- 
ble depth, as ten or twelve fathoms, under the 
furface of the fea, he felt a great pain in both 
his ears, which often put him to fhifts to leffen 
it; which, by his manner of defcribing it, I 
concluded was from the incompetent refiftance 
of the air, which he acknowledged to me, he 
found by manifeft tokens to be notably com- 
prefled by the fupertor water. Which relation 
from fuch a perfon does not only confirm our 
explication, but likewife warrant us to doubt, 
whether the common reports, that are made 
concerning divers, be fit to be relied on, with- 
out farther examen and obfervation. 

In the mean time, I fhall add two or three 
experiments more, to confirm the refiftance, 
that animals may make to a great preffure, 
when exercifed by the mediation of a fluid 
body. And I the rather gave you an account 
of this way of making trials, becaufe it may 
be alfo helpful to difcover the refiftances of in- 
animate bodies, whofe fhape and confiftence 
we may choofe and vary, almoft at pleafure, 
to the preffure of (totally, or in great part) am- 
bient fluids. And if I had been furnifhed with 
a tube wide enough, and a quantity of mercury 
great enough, I might, by the way, have {hewn 
you, that whatever the learned Dr. More is 
pleafed to fuppofe, that to butter itfelf, even 
as confiderable a preffure may be fo applied, 
as not to beable to make it yield thereunto. 
For on this occafion I fhall add, that I well re- 
member, that, among other trials'to the fame 


purpofe, 
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purpofe, I caufed a piece of frefh butter, a- 
bout the bignets of a {mall hcn-egg, to be 
brought to an irregular fhape, that if the com- 
preffion were fuch, as many would expect, the 
Jong corners, or folid anglcs, being at leaft flat- 
ted, the butter might be reduced into a mcre 
capacious figure, and lels remote from round- 
nefs. But, though having put this lump of 
butter into a bladder, almoft full of fair water, 
we proceeded, both in the fame brafs cylinder, 
and much after the fame manner, that I em- 
ployed about the egg mentioned in the fourth 
experiment of the Tract of the differing pre- 
fure of heavy folids and Auids ; yet I found, 
that after the plug had been loaded with a 
weight of lead of above fifty pound, nel- 
ther I, nor the operator, perceived the 1r- 
regular figure of the butter to be altered. Nor 
was this the only crial of this kind I made with 
the like fuccefs upon butter, though I dare not 
charge my memory with the circumflances 3 
and theretore I fhall, without delay, procced to 
what I was about to recite concerning the re- 
fiftance of animals. 

We took then a common fiefh-fly, neither 
of the biggeft fort of all, nor of the leaft, but 
of a middle {ize 3 and having put te into the 
fhorter leg of a bent glats, which we caufed to 
be hermetically fcaled at the end, there was 
put in as much mercury as hilled that leg, and 
a part of the other, leaving little more than an 
inch of air between the guick-filver and the 
fealed end, that there might be room both for 
the fly, and the condenfation of the air, and 
then with a Jittle rammer, fitted for the pur- 
pofe, we caufed the mercury in tne open Icg 
to be chruft againft that in the fealed leg,which 
thercupon did neceffarily cioud the air near 
the fly into leis room; fo that, | y our guefs, 
it was condenfed into about a third part of the 
{pace, which it poffefled before, and which it 
regained when the rammer was withdrawn : 
and though this were done more than once, 
yet not ouly the fly was thereby not killed, 
but not fo much, that appeared, as fenfibly 
hurt; and I perceived her, whilft fhe was pent 
up, to move her legs, and to rub them one 
againft the other, as it is ufual with that fort 
of infcéts to do of their own accord in the free 
air. Nor did I qucftion, but that, if the glafs 
had not been inconveniently fhaped to admic 
the rammer farthcr into it, the Ay would have 
fupported a far greater preffure. 

ANOTHER experiment, to the fame pur- 

fe, we tried with water inftcad of mercury: 
but, whereas this laft named liquor could nel- 
ther wet nor drown our fly, (for which reafon 
I chiefly made choice of it) the other did firft 
wet its wings, and foon after, by a mifchance, 
drown it. But firft we had an opportunity to 
comprefs the air into a third, if not into a 
fourth part of its former dimenfions; and yet the 

fly continued to move divers of her parts, and 
elpecially her legs, very vigoroufly, as if no- 
thing troubled her, but her being, as it were, 
glued to the infide of the glals by part of her 
wetted wings. And this, I hope, will keep 
the refiftance of divers to the ambient water 
from feeming incredible ; fince fuch flies were 
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able to refift, and, for aught appeared, with- 
out harm or pain, the preffure of the crouded 
particles of the air ; though we gueffed this to 
have been as much compreffed by the force of 
the rammer, as it would have been by a cy- 
linder of water of fifty, or between fifty and 
fixty foot high. By which alfo we may be 
helped to conceive, how great a difference 
there is, whether the fame preflure be exer- 
cifed by a folid, or by a fluid body. For, ac- 
cording to our eftimate, the preffure againft the 
body of the fly was as great, as if a flender 
pillar of marble, having the fly for its vale, 
and eighteen or twenty foot in height, had 
Jeaned upon the little animal; which, T pre- 
fume, you will eafily think was more than e- 
nough to crufh her to death. 

But becaufe, though the foregoing trials are 
not lixe to be rejected by the fkilful, yet they 
require a fomewhat dextrous and nimble ex- 
perimenter, and leave fomething to his efti- 
mate, I will fubjoin an experiment more ealy 
to be made, and wherein the weight may be 
determined by meafure, rather than conjecture, 
being made to be perpendicularly incumbent 
onthe fly, or other animal. For the experi- 
ment may be as well made on other infects, as 
worms, though fome, that I had proviced, 
chanced to mifcarry before they came to be 
uled. 

We took then fome ordinary black flies 
(fuch as ufe to haunt butchers ftalls in warm 
fuafons, ) of a middle fize, (the length of the 
body and head of one animal, which for trial’s 
fake we meafured, being about three cighths 
of an inch,) and having placed one of them 
with the head upwards, that there was fome 
diftance left betwixt her and the icaled end of 
the glafs-tube nine or ten inches long; we 
poured in quick-filver very flowly and cau- 
tioufly, Ieft the force of fo heavy a body, ac- 
quired by the acceleration of its defcent, fhould, 
more than the meer weight itfclf of the liquor, 
opprefs the fly. To this effect ftooping the 
glafs very much towards the horizon, and 
letting the mercury pafs into the tube thcrough 
a funnel, whofe lower pare was very f{icnder, 
that it might come down but by little and lic- 
tle, we at length got in as much mercury as 
the tube would receive, and then holdimg it 
upright, we watched, whether the fly would 
make any motions ; and finding, that fhe did 
maniteftly ftir notwithftanding the incumbent 
mercury, we meafured the height of the mer- 
curial pillar; reaching from the middle of her 
body to the top: of the liquor, and found it 
to be about eight inches ; and the quickfilver 
being poured out, the fly appeared to be fo 
lively and vigorous, that I doubted not, but 
if we had a longer glafs, the experiment had 
been much more confiderable. But, when 
afterwards I was able to procure a better tube, 
the feafon of Alics being almoft quite palt, I 
could fcarce get any, and thofe not bnfk, as 

they are wont to be in fummer. But however, 
we repeated the experiment with one of the 
beft we could take of the above-mentioned 
fize, and ordering the matter fo, that the mer- 


cury incumbent on her, (for there was fome be- 
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neath her, ) appeared to be of a greater height 
than the formerly employed tube was of, we 
faw her move one or other of her little legs di- 
vers times, though the tube were held up- 
right ; and therefore meafuring the height of 
the mercury above her, we found it to amount 
to fixteen inches and better, and then freeing 
her from this preffure, we obferved, that fhe 
immediately found her legs again, and moved 
up and down brifkly enough ; but when fhe 
was loaden with twenty-three or twenty-four 
inches of the fame quick-filver (though the li- 
quor were foon after poured out) fhe gave no 
fins of life ; which I fufpected might happen, 
not fo much from her having been oppreffed 
by the greatnefs of her weight, as from the 
great care of the operator to let down the mer- 
cury very obliquely and warily upon her. 
And this I was the rather confirmed in, be- 
caufe, having got another fly of about the 
fame bignefs, though when fhe was at the bot- 
tom of the quickfilver, fhe feemed fo com- 
preffed, as not to have any motion, we could 
take notice of, yet, upon her being taken out 
of the glafs, fhe prefently appeared to be alive 
by walking about, and beginning to difplay 
her wings, though the pillar of mercury, that 
had ieaned upon her, amounted to above 
twenty-feven inches. And I prefume, the fuc- 
cefs would have been much more confiderable, 
if the experiment had been tried in the fum- 
mer, when thefe creatures are brifk and lively, 
and not, as it was, in the winter; befides that 
probably thefe little animals were hurt or wea- 
kened by the violence, that would fcarce fail to 
be ufed in catching them, and putting them 
into fuch a place and pofture in the glafs, as 
was required; the actual coldnefs of the quick- 
filver perhaps alfo making them fomewhat 
torpid, whilit it touched them fo many ways. 
~ And it muft not be here omitted, that a fly, 
that feemed but about half fo big as one of 
thofe hitherto mentioned, being well placed, 
with fome mercury under it, in a glafs-pipe 
held upright, fuftained a mercurial pillar of 
fomewhat above twenty-five inches; and 
though fhe was not obfervecdl to move under 
fo great a weight, yet when once it was taken 
off, fhe did not appear hurt, much lefs crufhed 
to death by it, and probably would have ef- 
caped under a much greater weight, if the 
tube, which was too large, had not already 
employed all the ftock of mercury we then 
had at hand. But I do prefume, that what 
we did try, will be available to our purpofe, 
fince we fee clearly, that fo imall an animal as 
a fly may furvive fo great a prefiure, and that 
fhe could not only live, but was able to move 
fuch long and flender bodies as her legs, when 
fhe was preffed againft by above fixteen inches 
of mercury, and confequently by a weight, 
equivalent to a pillar of water of above eigh- 
teen foot and a half, which being above five- 
hundred and ninety times her own length, and, 
according to the eftimate our meafure fug- 
gefted, many times more her own height; fo 
that a diver, fix foot tall, ( which is fomewhat 
more than an ordinary man’s ftature, ) to have 
as many times his height of water above him, 
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as our fly might have had, and yet have moved 
under it, muft dive, at leaft in frefh water, to 
near a hundred fathom, which is a far greater 
depth, perhaps by five or fix times, than, for 
aught I could learn by enquiry, the divers 
either for coral or pearl are wont to defcend. 

AND now, Sir, having tendered you the 
likelieft conjectures, that occurred to me about 
the folution of this difficult problem ; I thall 
return to doctor More, and confider the objec- 
tion he frames from the fuppofed infolublenefs 
of it. And on this occafion, I thall have two 
or three things to reprefent to you. 

Tre firft is, that there would be much 
more weight in what he objects, if our af- 
fertion of the gravitation of water in water 
were, like the principium hylarchicum, a meer 
hypothefis advanced, without any clear po- 
fitive proof ; whereas our doétrine is not only 
elfewhere directly proved by particular expe- 
riments, but by the very controverted one of 
the tadpole; to elude whofe force, fo ingenious 
a perfon is fain to fly toa principle, that, to 
fay here no more, 1s not phyfical. And from 
this firft of the things, I lately mentioned, 
I fhall haften to the fecond, becaufe it will 
require to be longer infifted on. 

¥ fhall then further reprefent, that whatever 
power he is pleafed to fuppofe at the bottom 
of the fea, to fufpend the impreffion of the in- 
cumbent water, I think, that fuppofition ought 
to give place, if not to our former ratiocina- 
tions, yet to experience itfelf, which fhews, 
there really is a great preffure exercifed by the 
water at the bottom of the fea. J remember, 


that a friend of the learned doétor’s and mine, Sir R. AL 


who is fo eminent a virtuofo, as to have been 
often prefident of the royal fociety, related a 
while fince to me, that a mathematical friend 
of his, whom he named, having had an op- 
portunity to try an experiment, I have in 
vain endeavoured to get tried for me, had the 
curiofity to let down in a deep fea a pewter-bot- 
tle, with weight enough to fink it, that he 
might try, whether any fweet water would 
{train in at the orifice or any other part ; but 
when he had pulled it up again, he was much 
furprized to find the fides of his pewter-bottle 
very much compreffed, and, as it were, {queezed 
inward by the water. JI alfo, not long fince, 
enquired of an obferving acquaintance of mine, 
that has a confiderable eftate in America, whe- 
ther he had not tried to cool his drink, when 
he failed through the torrid zone, by letting 
down the bottles to a great depth into the fea, 
and if he did, in what condition he found 
them when they were drawn up again. To 
which he anfwered, that he had feveral times 
employed that expedient for the refrigeration 
of his drinks, but was at firft amazed to.find 
the corks, with which the ftrong ftone-bottles 
had been well {topped before, fo forcibly and 
fo far thruft in, that they could fcarce have 
been fo violently beaten in with a hammer, 
and it was {carce poffible to get them out. 
And another ingenious perfon, that pra¢tifes 
phyfick in the Jndzes, having the like queftion 
put to him, anfwered me, that he had fome 
while fince had the curiofity to try, in a very 

deep 
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deep part of the fea, whether any frefh water 
would ftrain into ftone-bottles through a thick 
cork ftrongly ftopped in, and having let it down 
with a convenient weight to one hundred fa- 
thom, was much difappointed, whenhe drew 
it up, by finding, that the preffure of the wa- 
ter at fo vaft a depth had quite thruft down 
the cork into the cavity of the bottle (which 
elfe perhaps would have been crufhed to 
pieces;) an effect, which he would fcarce have 
expected from the ftrokes of a mallet. And 
if to all this it be objected, that it was not 
the preffure, but the coldnefs of the water, 
that did the recited feats, by condenfing the 
included air, and obliging nature to do the 
reft for fear of a vacuum; I will not launch into 
the controverfy, whether nature do any thing 
ob fugam vacui, but only anfwer, that I can- 


not find, by the relations of the divers, or. 


otherwife, that it is ever fo cold at the bottom 
of the fea, as it is frequently above ground in 
winter, when ercat fifhes are commonly faid 
to return to the deep parts of the fea for 
warmth ; and yet, in the fharpeft winters, I 
never obferved corks to be driven in by the 
cold of the ambient; nay, I purpofely tried 
with a frigorifick mixture, that very intenfe 
degrees of cold, fuch as would quickly freeze 
many liquors, would not occafion the breaking 
of thin bubbles of glafs, purpofely blown at 
the fame of a lamp and hermetically {ealed. 
Anp to fhew ad oculum (as they {peak) 
that water may prefs more and more, as It 
grows deeper, againft the ftopple of a bottle, 
though the veffel be inverted, I will fubjoin 
this experiment. Becaufe we have no water 
hereabouts, that is near deep enough to force 
in a cork, as the fea-water did in the above 
recited trials, I thought of a way of fo clofing 
the glafs-veffel, as that the {topple fhould keep 
afunder the air in the veffel andthe outward 
water, and hinder all immediate intercourfe 
between them, and alfo make fome refiftance 
againit the preffure of the external water, and 
yet be capable of freely moving up and down, 
and fo be a good fuccedaneum to a folid ftop- 
ple. Taking then a glafs-vial, furnifhed with 
a fomewhat long cylindrical neck, whofe cavity 
was large in proportion to the reit of the veffel, 
we put into it as much quickfilver as would 
in the neck make a fhort mercurial pillar of 
between half an inch andan inch ; then, a piece of 
very finebladder, dipped in oul, was fo tied over 
the orifice of the glafs, that no mercury could 
fall down, or get out, nor water get in at the 
orifice, and yet the bladder, by reafon of its 
great limbernefs, might be eafily thruft up to- 
wards the cavity of the vial, or deprefled by 
the weightof the mercury. This little inftru- 
ment, firft furnifhed with a weight of lead to 
fink it, being inverted, the mercury defcend- 
ed into the neck, and clofed the orifice as ex- 
actly as a {topple, and yet, with its lower part, 
depreffed the bladder beneath the horizontal 
plane, that might be conceived to pafs by the 
orifice ; - then the glafs being a while kept in 
the water, that the included air might be brought 
to the temperature of the furrounding liquor, 


* See the paradox about fuction. 


der again as before, 
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and by a ftring let further down into the fame 
glafs veffel filled to about two foot in height, 
the preffure of the liquor againft the orifice of 
the vial did by degrees drive up the bladder 
and the mercurial {topple into the cavity of the 
neck, as was manifeft by the afcenfion of the 
quickfilver ; and when the inftrument was lei- 
furely drawn up again, the weight of this mer- 
cury made it fubfide and plump up the blad- 
An experiment a-kin to 
this, and therefore fit to confirm it, I have de- 
livered in another difcourfe*, 

Awnp herelI fhall fubjoin what very oppor- 
tunely occurred to me fince the writing of the 
laft page. Meeting cafually with an ingenious 


mechanician, (whom you will find I have elfe-. 


where + mentioned) that devifed a fuit of 
cloaths and other accommodations, wherein I 
once faw him let down into the water, by 
whofe help, and that of a boat, he could, and 
did continue there a great while, at a confide- 


rable depth under water, and there work; I 


afked him afrefh (to obtain fuller informations 
than formerly) whether he felt not the preffure 
of the water againft his breaft and belly ; to 
which he anfwered me (more circumftantially 
than he had before) that when he was about 
four or five yards under water, though but in 


the river Thames, his breaft and abdomen was. 


{o compreffed, that there being hardly room e- 
nough left for the free motion of his lungs, he 
could fcarce fetch his breath, and was neceffitated. 
to make them draw him quickly up, and that 
(among his later trials to improve his engine) 
having for remedy hereof, caufed a kind of ar- 
mour for the cheft and back to be made of 
copper, though the ftiffmefs of the metal de- 
fended him from receiving any mifchief in 
thofe parts, yet in the others, where only the 
leather, though ftrong, was interpofed, when 
he came to the depth of about fix fathom, 
though in frefh water, he found a great pref- 
fure again{t his legs and arms and ail the other 
parts againft which the water was able to 
thruft the leathern fuitinwards. And this pref- 
{ure being found by him, as he told me, pretty 
equal, againft all the expofed parts, (for from 
the other, which were more yielding and ob- 
noxious, the armour kept it off,) he received 
no mifchief from it, nor yet much incommo- 
dity (and fome he might expect from the {hif- 
nefs and unequal yeilding of the Jeather:) fo 
that he could ftay under water, though not ftill 
at.fo great a depth, about two hours or longer. 
And upon the whole matter he anfwered me, 
that he was well fatisfied by his trials, that the 
ambient water endeavoured to prefs him and 
his diving juit every way inwards, Whether 
the coldnefs of the water had any intereft in 
this phanomenon, I particularly enquired of 
the engineer ; but he replied, that by reafon 
of the tightnefs of his diving fuit or inftru- 
ment, the warm fteamsof his body, that were 
pent in, and other concurring circumftances 
kept him from feeling any cold, and made 
him fometimes feel a greater heat than he 
wifhed. He has promifed me, before it be 
very long, to make for me a trial or two, that 


+ In the tract of the differing preffure of hzavy folids and fluids. 
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I propounded to him, from whofe fuccefs, if 
he can but reduce them to experiment, I hope 
to be able to prefent you a farther confirma- 
tion of our hypothefis. In the mean time, 
the things already recited, together with the 
preceding experiments, may well fuffice for 
our prefent purpofe. For, by what hath been 
iaid, it appears, that water does actually prefs 
againft bodies, whether fpecifically lighter or 
heavier than itfelf, placed under water, and 
that this preffure increafes with the height of 
the water above the emerfed bodies. And 
this being fo, it is not more necefflary for me, 
than for men of other opinions, to give a clear 
reafon, why divers can refift fo great a preffure 
of the incumbent water. And the preffure of 
the water in our recited experiment having 
manifeft effects upon inanimate bodies, which 
are not capable of prepoffeffions, or giving 
us partial informations, will have much more 
weight with unprejudiced perfons, than the 
fufpicious, and fometimes difagreeing accounts 
of ignorant divers, whom prejudicate opinions 
may much fway, and whofe very fenfations, 
as thofe of other vulgar men, may be in- 
fluenced by predifpofitions, and fo many other 
circumftances, that they may eafily give occa- 
fion to miftakes. I know, that learned men, 
that never were converfant in hydroftaticks, 
are wont to think it very difficult, if not im- 
poffible, to conceive, how fo weak a thing, 
as they fancy an animal to be, fhould avoid 
the being oppreffed, or fo much as harmed 
by fo great a weight of water. But they, that 
fhall attentively confider what has been offered 
towards the removal of this difficulty, and re- 
member, how little they would have believed, 
that there is fo great a difference, as we have 
by the tadpole, the fly, and other inftances, 
fhewn there really is between the preffure of 
folid and of fluid bodies, will, I prefume, be 
apt to think it fit, that if, for want of a fufi- 
cient hiftory of matters of fact, any fcruple re- 
main about the folution we have offered from 
the nature of the uniform preffure of fluids, 
and the firm ftructure of the human body, we 
fhould, to remove thofe remaining fcruples 
alfo, rather range about for other phyfical 
helps to folve more compleatly the problem, 
about fuch a thing as compreffion, which is an 
action purely corporeal and mechanical, than 
for want of a ready and compleat {olution to 
fly to the immediate interpofition of an im- 
material and intelligent, yet created agent, to 
explain clearly whofe manner of working would 
be a much more difficult tafk, than the folu- 
tion of the phenomenon without It. : 
AnpD now, Sir, having prefented to yo 

the reflections I thought requifite to write up- 
on the learned doctor’s difcourfes againft my 
hypothefis and explications, relating to the 
gravitation and preffure of fluids, I have little 
more to trouble you with in this paper. For, 
though in the latter part of the thirteenth 
chapter, the doctor is pleafed to {pend divers 
pages in the .explication of divers of my hy- 
droftatical phenomena by the agency of that 
incorvoreal director, that he calls principium 
i .crchicum yet fince thefe explications of his 
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are rather attempts to accommodate the phe- 
nomena to the hypothefis, than objections di- 
rectly levelled againft my folutions, I fhall al- 
together forbear to examine them; the main 
thing, that I intended in this paper, according 
to what [ told you at the beginning, being to 
fhew, that the arguments urged againft the 
mechanical folutions of the experiments by me 
recited do not evince any of them to be erro- 
neous. And I have neither the defign nor the 
leifure folicitoufly to examine the doétor’s hy- 
Jarchical principle. Of which I fhall only fay, 


that though he tells us, it is paratum ad mo- Page 175. 


vendum quoquo ver [um materiam pro data occafione; 


yet fince he alfo tells us, Quod particule molis Page 167. 


corporee, five ftabilis five fluide, a principio by- 
larchico in unam aliquam partem omnes juuttim 
urgeri poffunt P premi, quamvis fingule fingu- 
las in nullam partem premant, quodque pro 
magnitudine molis major iminorve totius fit pref 
fio; and that the force, by which it endea- 
vours to keep the elements in their true and 
natural confiftence, though it be very great, is 


not invincible: I fee no need we have to fly Ibid 


to it, fince fuch mechanical affections of mat- 
ter, as the {pring and weight of the air, the 
gravity and fluidity of the water and other li- 
quors, may fuffice to produce and account for 
the phenomena, without recourfe to an incor- 
poreal creature, which it is like the Peripate- 
ticks, and divers other philofophers, may think 
lefs qualified for the province affiened it, than 
their fuga vacui, whereto they afcribe an un- 
limited power to execute its functions. I 
leave it therefore to you, Sir, to judge, which 
of the two ways of explicating an hydrofta- 
tical phzenomenon, the learned doétor’s, or, 
that which I have made ufe of, relifhes mott 
of the naturalift. And I fhall only tell you, 
that if I had been with thofe Jefuits, that are 
faid to have prefented the firft watch to the 
king of China, who took it to be a living 
creature, I fhould have thought I had fairly 
accounted for it, if, by the fhape, fize, mo- 
tion, &c. of the fpring-wheels, balance and 
other parts of the watch I had fhewn, that 
an engine of fuch a ftructure would neceflari- 
ly mark the hours, though I could not have 
brought an argument to convince the Chinefe 
monarch, that it was not endowed with life. 
From which comparifon you will eafily ga- 
ther, that what I have thought my felf con- 
cerned to do in this place, was not to demon- 
{trate in general, that there can be no fuch 
thing, as the learned dottor’s principium by- 
larchicum, but only to Intimate, that, whe- 
ther there be or not, our hydroftaticks do not 
necd it. Nordo I think it neceffary to the 
doctor’s grand and laudable defign, wherein 
I heartily wifh him much fuccefs, of proving 
the exiftence of an incorporeal fubftance. For 
as I think, truth ought to be pleaded for only 
by truth; fo I take that, which the doétor 
contends for, to be evincible in the righteft way 
of proceeding by a perfon of far lefs learning 
than he, without introducing any precarious 
principle; efpecially experience having fhewn, 
that the generality of heathen philofophers 


were convinced of the being of a divine archi- 
tect 


Sect. IT. 


An AYDROSTATICAL LETTER, €67c. 


tect of the world, by the contemplation of fo 
vait and admirably contrived a fabrick, where- 
in yet taking no notice of an immaterial 
principium hylarchicum, they believed things 
to be managed in a mere phyfical way, accord- 
ing to the general laws, fettled among things 
corporeal, acting upon one another. And 
after this I have nothing more to fay, but that 
I would not have any thing, that I have {faid, 
mifconftrued to the learned doétor’s prejudice. 
For it is not neceffary, that a great {cholar 
fhould be a good hydroftatician. And a few 
hallucinations about a fubject, to which the 
greateft clerks have been generally fuch 


{trangers, may warrant us to diffent from 
his opinion, without obliging us to be ene- 
ties to his reputation. And therefore, if you 
have found any thing in this paper inconfiftent 
with a juft tendernefs of that, you have not 
only my confent, but my defire to alter it, as 
an expreffion, that doth not well comply with 
my intentions of not appearing any farther his 
adverfary in our debate, than the defire of 
fhewing my {elf a friend to the truth I was. to 
defend, fhould exact of, 


SIR, 
Yours, €S¢ 
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CONTAINING, 


A Dilucidation of an Experiment of the Honourable Au- 
thor of thefe T’RactTs, about a Way of weighing Water 
in Water, upon the occafion of fome Exceptions, made 


to it by Mr. George Stuclair a 


* In his Hydroftaticks, printed at Edimburgh, 1672. p. 146. ££ 


To the READER. 


HEN this difcourfe was juft fi- 
nifhing in the prefs, there came 
to the publifher’s hands a diluci- 
dation of an experiment of the ho- 
nourable author of thefe traéts, about a con- 
trivance of his for eftimating the weight of 
water in water, formerly publifhed in Num- 
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ber L. of the Philofopbical Tranfaétions, and 
by the following difcourfe cleared from the 
exceptions to be mrt with in Mr. George Siz- 
clair’s ‘book, entitled The Hydroftaticks, &c. 
printed at Edinburgh, 1672. Which diluci- 
dation, becaufe of the affinity of the fubject, 
was thought fit to be here annexed. 
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ALLING this night in Paul’s Church- 
C' yard for the ingenious Mr. Ray’s tra- 


vils, that you yefterday commended 
to me, I was alfo fhewn a new treatife, that I 
never {aw before, of a learned gentleman, and 
haftily running over the index, found an ex- 
periment of mine declared infufficient; and 
though, being hindered to make haft home, 
it be fo late, that, far from having time to 
perufe the book itfelf, (which I tell you, that 
you may not now expect any character of it 
from me) I have been fcarce able to read over, 
more than once, what directly concerns me in 
it; yet I fhall adventure to fay fomething a- 
bout it this night, for fear I fhould not, in fo 
bufy a time as this, be allowed to do it to- 
morrow. 

Wrereas then the learned objector, hav- 
ing recited my experiment about weighing wa- 
ter in water, as you were pleafed to publifh it 
in a book enriched with fo many better things, 
the Philofophical Tranfactions, begins his ani- 
madverfions with faying, that ‘¢ herein 1s a great 
miftake: ”? I fhall not inthat much oppofe him; 
for poffibly the difpute between us is not much 
more than verbal, And becaufe my experi- 
ment coming abroad by itfelf, and fuppofing 
things, that I had formerly proved, and pub- 
lifhed, but which were not exprefsly referred 
to in it, I wonder not, that my meaning fhould 
not by all readers be fully underftood. And 
therefore, to explain myfelf on this occafion, 
give me leave borh to repeat my opinion, and 
to fhew you, on what occafion, and how far, 
I defigned to confirm it by this experiment. 
My opinion then was, and ftill is, that as water 
isa heavy fluid, fo it does retain its gravita- 
tion and power of preffing ; by which I mean 
a tendency downwards (whatever the caufe of 
that gravity be) whether it have under ita 
body either fpecifically heavier or lighter than 
itfelt, or equiponderant toit. For I fee not 
what fhould deftroy or abolifh this gravity, 
though many things may hinder fome effects 
of it. And therefore I fuppofe, that water re- 
tains its gravity not only in air, but in water 
tco, and in heavier liquors, and confequently, by 
vertue of this, the liquor preffes upon them ; 
but if a iurrounded fluid have, upon the {core 
of its {pecifick gravity, an equal, or a ftronger 
tendency downwards, than water, it wul, by 
vertue of that, be able to impel up this liquor, 
cr to keep it from actually defcending : fo that 
at ction of water, fuppofed to be included in 
a veel of the fame {pecifick weight with wa- 
ter, tris portion, I fay, placed in a greater 
Guactity of the fame water, will neither rife 
pcr fau, 2s Dheve ellewhere fhewn 3 but yet 
it i.t.17s8 its gravity there; only this gravity is 
hood irom muxirg t actually defcend by the 


contrary action of the other water, whofe {pe- 
cifick gravity 1s fuppofed equal: as when a 
juft balance is loaded with a pound weight in 
each of its fcales, though ncither of. thc weights 
actually defcend, being hindered by its coua- 
terpoife, yet each retains its whole weight, 
and with it preffes the fcale it leans upon ; fo 
that our lately mentioned included portion of 
water does really prefs the fubjacent water, 
though it does not actually deprefs it, or (as 
perhaps a fchool-man would phrafe it) does 
gravitate on it, but not pregravitate. Nor do 
I think, that the only way of judging, whether 
a body gravitates, is to obferve, whether it 
actually defcends, fince in many cafes its gra- 
vity may be proved by the refiftance it makes 
to heavy bodies, which, if it were not one, 
would raife it: as may be declared by what 
I juft now noted about equal weights in a 
balance. And for want of this diftin@tion I 
have known even learned men, treating of 
hydroftatical things, miftake both me and the 
queftion. 

Tue next thing I had to tell you, is, that 
the adverfaries I had to deal with, both in 
print, and in difcourfe, denied, that in ftand- 
ing water, the upper parts did prefs or gra- 
vitate upon the lower ; and though they could 
not but grant, that the whole weight of the 
water did gravitate upon the bottom of the 
veffel; yet they would have the parts of it to 
do fo at#ione communi (as they fpeak) and fan- 
cied I know not what power of nature to keep 
the homogeneous portions of water, as well 
as other elements, from preffing one another, 
when it is in its proper place. Againft this 
opinion, (which I prefume my learned adver- 
fary and I agree in oppofing, ) it was alledged, 
befides other things, which I found many, 
otherwife good fcholars, were not fitted to un- 
derftand, that if a glafs-vial or bottle, well 
{topped, were deeply immerfed under water, it 
would {trongly tend upwards; but if it were 
dextroufly unftopped, when it was thus im- 
merfed, fo as the water could get in, abftraét- 
ing from or allowing for the weight of the 
glafs itfelf, it would by the water, that crouds 
in and thrufts out the air, be made ftrongly 
to tend downwards, and continue funk. But 
this not fatisfying, becaufe it was pretended, 
that the reafon of the empty bottle’s emerging, 
when ftopped, was the pofitive levity of the 
air it was filled with, and the finking of it, 
when unftopped, was from the recefs of the 
fame air, that by the intruding water was dri- 
ven with large bubbles out of the bottle; I 
thought this evafion might be obviated by con- 
triving an experiment, wherein the water fhould 
be plentifully and fuddenly admitted into the 
glafs, and yet no air expelled out of it, ( which 
circumftance I therefore took notice of, where 
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I fay, ‘* no bubble of air appeared to emerge 
“ or efcape through the water,”’) fo that if 
then the glafs, that was kept up before, fhould 
fall to the bottom, with a gravitation amount- 
ing toa confiderable weight in refpect of its 
capacity, the finking of it could not by them 
be afcribed, as they fuppofe, with pofitive 
levity, but to the weight of the admitted 
water, which, when thus weighed, would be 
invironed with water of the fame kind: and 
to fhew, that this admitted water might have 
a confiderable weight, notwithftanding the 
place it was in, I’ employed a pair of {cales 
after the manner, that 1s recited in the expert- 
ment, 

By what I have been difcourfing, you 
may conceive, that however my expreffions 
difagree with thofe of my adverfary, the dif- 
tance of our opinions is not fo wide, as at firft 
fight it feems. For he allows, as well as I, 
that the fuperior parts of water do by their 
gravity, (for I know not on what other fcore 
they can do it) prefs the inferior. But this 
he would not have amount to this expreffion, 
<< that water weighs or gravitates in water 5”” 
whereas I fcruple not to cloath my fenfe in 
that expreffion, becanfe I think water does 
always exercife its gravity, though it does not 
always pregravitate, or actually defcend, be- 
ing often, as I noted above, either impelled 
up by an oppofite and prepollent weight, or 
hindered from defcending by the refiftance of 
other water, that counterpoifes it: fo that, if 
he thinks, that in my experiment I meant to 
propofe a method of making water defcend in 
water, and weigh it in that liquor with a pair 
of fcales, juft as if I would weigh in the fame 
water a piece of lead, or a portion of mercury, 
which are bodies much heavier in {pecie than 
water, either he miftakes my intention, or I 
did not fufficiently declare it. But that, which 
I defigned to fhew, and, for aught I can yet 
fee, have fhewn, was, that by the help of an 
ordinary balance it may be made appear, that 
water admitted into the glafs bubble, I em- 
ployed, did make the glafs bubble weigh {fo 
much heavier than it did before that liquor en- 
tered into it; and that this new weight, that 
was manifefted by the balance, was not due, 
as my adverfary fuppofed, to fuch a recefs of 
the air, as I mentioned a while ago. 

Anp now, Sir, it will be proper to take 
notice of fome paffages in the objector’s dif- 
courfe, in order to dilucidate the fubject of it. 
Whereas he fays, (page 149, and 150.) 
‘¢ Take a piece of wood, that is lighter in 
«6 fpecie than water, and add weight to it by 
« deorees, till it become of the fame weight 
«© with water; knit it with a ftring toa ba- 
¢¢ Jance, and weigh it in water; and you will 
“© find the whole weight fupported by the 
“© water: ’? I anfwer, that this does not at 
all overthrow my opinion, but agrees very 
well with it. For fuppofe the weight you 
add to the light wood be lead, it cannot be 
faid, that the metal lofes its native ponderofity, 
whilft it refts in the water; and the reafon, 
why it defcends not, is, that it, and the wood 
it is joined to, are hindered by the counter- 


poife of the collateral water, which, by its 
prefiure, would raife the furface of the water, 
whereon the floating or fwimming body I<ans, 
if it were not hindered by the weight of thefe 
incumbent folids: and this refiftance of theirs 
to the endeavour upwards of the water, be- 
ing exercifed only upon the account of their 
gravity, fhews, that they do in my fenfe gra- 
vitate, though not pregravitate. 

Acain, if you pleafe to confider the 
cafe, put by the objector, page 151,, and caft 
your eyes upon his fcheme, which, fuppofing 
you to have his book, I fhall, for brevity fake, 
make ufe of at prefent ; you will find him thus 
argue. 
‘¢ weight (B) that makes this alteration, and 
‘¢ turns the fcales: for if twelve ounces fink 
‘¢ the glafs below the water, when it is full 
‘¢ of air, and no water in it, then furely fix 
‘¢ are fufficient to fink it, when it is half full: 
‘¢ And the reafon is, becaufe there is a lets 
‘¢ potentia, or force, in fix inches of air, by the 
“¢ one half, to counterpoife a weight of twelve 
“© ounces, than in twelve inches of air. There- 
‘© fore this air being reduced from twelve in- 
‘¢ ches to fix, it muft take only fix ounces to 
“¢ fink it.” 

To which I anfwer, that I know not yet 
what, on this occafion, he means by a poten+ 
tia, or force, in fix inches of air, to counter- 
poife a weight of twelve ounces. For by the 
term counterpoife, where the queftion is about 
weighing, one would think he fpeaks of 
weight ; and yet air, according to the vulgar 
Opinion, is pofitively light; according to us, 
though it have a gravity, yet in our cafe that 
muft amount to fo little, that what air the 
bubble needed to fill it, could not weigh at 
moft above four or five grains, which therefore 
might fafely be neglected. But, according to 
my opinion, the reafon of the phenomenon 1s 
clear enough, without meddling with the po- 
tentia of the air. For if we conceive a ho- 
rizontal plane to divide the water mentally, 
and pafs by the bottom of the fufpended bub- 
ble ; before the little ftem be taken off, there 
is a far greater preffure upon the other parts 
of that plane, than upon that, which lies under 
the bubble, in regard they are preffed by the 
weight of the collateral water (4, L, G, D, 
M, C,) whereas the other is preffed only by 
the weight of a body very much lighter than 
its equal bulk of water: fo that, to keep the 
bubble from being forcibly buoyed up, there 
was requifite eighteen ounces of lead, that make 
up the plummet (B,) to detain it under wa- 
ter, and keep the beam of the balance hori- 
zontal; that when accefs is given (at C’) to 
the neighbouring water, it is by the weight 
of the collaterally fuperior water impelled in- 
to the cavity of the bubble, where the air, 
being much rarified before, could not refift its 
ingrefs, and thereupon, fix ounces of water 
getting in, that part of the imaginary plane, 
on which the bubble was incumbent, is preffed 
by a greater weight than formerly by fix 
ounces, and confequently, there needs the like 
weight in the oppofite {cale of the balance, to 
reduce the fcale to an equilibrium. And if 
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‘© Now, I fay, it is fix ounces of the Pag. 1st. 
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we fuppofe, with our author, the glafs to be 
ccmpleatly full of water, and the counterpoife 
in the fcale (O) to need fix ounces more 
to make a new equipondium, the account of 
the phenomenon will be the fame, as, if you 
attentively confider it, you will clearly per- 
ceive. And the reafon, why the additional 
weight of fix ounces is required, will be, that 
the upper half of the bubble, that before con- 
tained Jefs than three or four grains weight of 
air, being now filled with water, amounted to 
fix ounces more of water than formerly, and 
fo the counterpoife, in the oppofite {cale (O, ) 
will need the weight of fix ounces to make a 
new zquipondium. 

Concruovusiy to this explication, when 


_ the examiner fays, “* Now I enquire, whether 


‘¢ thefe eighteen ounces are the zequipondium 
‘¢ of the water within the glafs, or of the weight 
of the lead (&)? It is impoffible they can 
counterpoife both, feeing the water is now 
twelve, and Beighteen. It muft then either 
be the counterbalance of the water, or the 
counterbalance of the lead. It cannot be the 
firft, becaufe twelve cannot be in eequipon- 
dio with eighteen ,; 1t muft then be in the 
fecond: or if thefe eighteen ounces in the 
{cale (O}) be the counterpoife of the water 
within the glafs, I enquire what fuftains the 
weight of the lead (B)? The weight of it 
cannot be iuftained by the water, becaufe it 
is a body naturally heavier than water ; it 
muft therefore be fuftained by the balance.” 
I anfwer, that this fpecious objection feems, 
(for it is fomewhat obfcurely worded) to be 
founded upon a miftake of my meaning in the 
queftion. However, as to the phenomenon 
itfelf ; according to my fenfe, the eighteen 
ounces in the fcale (O,) are the counterpoife 
of the eighteen ounces, that hang from the 
oppofite and zquidiftant fcale, and make up 
the leaden plummet (B,) which anfwer, I fee 
not how our author prevents.) But then you 
will afk, what counterpoifes the water in the 
bubble, which alone weighs twelve ounces? I 
anfwer, that it is the gravitation of the colla- 
teral water, which preffes the other parts of 
the lately-mentioned imaginary plane, as much 
as the water in the bubble, the weight of the 
glafs being here not reckoned by either of us ; 
and the water incumbent on the bubble does 
prefs that part of the plane on which they lean ; 
{fo that there being in all thirty ounces to be 
fuftained, the cighteen of the plummet, and 
the twelve contained in the glafs, the lead, that 
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*hangs in the water, is counterpoifed by eighteen 


ounces in the fcale, and the water in the bub- 
ble by the preffure of the collateral water. 
But you will fay, that it appears not, that 
the included water preffts at all, fince it does 
not at all defcend. To which I] anfwer, that 
as long as the water was getting into the ca- 
vity ot the bubble, fo long it did manifeftly 
gravitate upen the fubjacent plane, and actu- 
ally defcend, raifing the counterpoife in the 
fcale: but when, by adding more weight to 
that counterpoifc, things are brought to a 
new equilibrium, thereis no reafon, why the 
gravitation of the water fhould again change 


the now regained equipondium.. Suppoie, in 
the two {cales of a balance there were placed 
two equally capacious and equiponderant vials, 
whereof one is quite full, and the other almoft 
full; it is evident, that the full veffel will 
keep the fcale it leaned upon depreffed, and 
if you gently pour in as much water into the 
unfilled, as the filled has more than it, the 
{cale, that was formerly kept raifed, will be 
now depreffed, tll the beam be brought to be 
horizontal ; to which pofture when it is once 
brought, the equilibrium will continue: and 
yet it will not be faid, that though the added 
water, whilft it was filling the glafs, depreffed 
the fcale it belonged to, yet it loft its weight, 
or, which in my fenfe is all one, did not gra- 
vitate upon the fcale, when the balance was 
come to an equilibrium, becaufe then this wa- 
ter did no Jonger deprefs it. And how much 
the water in our bubble does, notwithftanding 
its immerfion, gravitate, would be vifible, if, 
by fuppofition, it were all ‘annihilated, and no 
other fuffered to fupply its room. For then 
the fubjacent part of the imaginary plane be- 
ing much lefs preffed, than immediately before, 
the weight of the collaterally fuperior water 
would ftrongly impel up the bubble, if it were 
not kept in its place by a proportionable ad- 
dition of weight to the plummet. Nor fhould 
it feem a ftrange thing, that I fhould fay, that 
the thirty ounces, lately mentioned, fhould be 
counterbalanced partly by the weight in the 
oppofite fcale, and partly by the water, that 
fills the immerfed bubble ; fince this? notion 
may be warranted even by the common prac- 
tice of weighing heavy {folids hydroftatically. 
For if you would, for inftance, weigh a lump 
of copper of nine pound in common water, 
the metal, hanging by a horfe-hair under wa- 
ter, will need, according to my elfewhere men- 
tioned experiments, either juft or near about 
eight pound in the oppofite fcale, to keep the 
balance horizontal, fo that the whole nine 
pound, that the lump weighed in the air, is 
counterpoifed partly by the eight pound newly 
mentioned in the oppofite fcale, and partly by 
the weight, or refiftance following from weight, 
of as much of the water as the copper fills the 
room of; which, as experience fhews, is one 
pound: and if we fhould conceive water in a 
veffel adiaphorous, as to gravity and levity, to 
be fubftituted in the place of the metalline 
Jump, it would weigh as much as the ninth 
part of the copper lump weighed in the air, 
and the fame counterpoife of eight pound would 
maintain the zequilibrium. 

Wuat the learned objector has, at the 
clofe of his difcourfe about the natural and ar- 
tificial balance, could not without prolixity, 
and is not here neceffary to be dwelt upon ; 
efpecially fince you will fee, in what I fuppofe 
you have now received from the prefs, in an- 
Jwer to the ingenious Dr. Avore, what 1s to be 
faid on that fubject, according to my hypo- 
thefis. Wherefore, though my Jearned adver- 
fary does in the 152d page conclude, ** That 
‘¢ water cannot weigh in water.” and afferts 
¢ that the preffure of water is one thing, and 
s¢ water to weigh in water is another; °” yet, as 
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I faid at firft; I conceive much of our difference 
may be verbal; and, in my fenfe, when wa- 
ter preffes fubjacent water, becaufe it does fo 
upon the fcore of its gravity, it gravitates in 
water, though it does not pregravitate, that is, 
actually defcend. And fince it is in the fenfe 
of this laft expreffion, that our author, if I 
miftake him not, {peaks of weighing in water, 
his conclufion, that water cannot weigh in wa- 
ter, does not contradict me, who afhrm not, 
that water does fo weigh in water. Whether 
we fhall agree in all other points of Hydro- 
ftaticks, you will eafily believe, that I cannot 
yet tell; though by the expreffion he is pleafed 
to ufe in the 146th page, to ufher in his ob- 
jection with, it is probable we may. And as 
to the now-difpatched debate, if I have em- 
ployed fome words in another fenfe than he, 


I prefume he is fo equitable as to confider, that 
I did not write of thefe things after havine 
feen this book of his, but fome years before ; 
and have fince found thofe expreffions juftified 
by the ufe, that eminent writers have thought 
fit to make of them. And however Iam glad; 
that he has given me this opportunity of clear- 
ing my experiment, and declaring by exam- 
ples, as well as words, the opinion it relates 
to ; efpecially, if it feems to others, that I o- 
mitted to exprefs myfelf fo fully; my defign 
being, as I formerly told you, to convince fuch 
adverfaries, as I then had met with, by thew- 
ing, that the above-recited phenomena of the 
emerfion and finking of a glafs vial depend- 
ed upon the gravity of the water, and not up* 
on the pofitive levity of the air. 


NEW EXPERIMENTS 


Of the PostTIVE or RELATIVE 


LEVITY of BODIES under Warer: 


to philofophers, that if wood, wax, or an- 

other body, that is lighter in fpecie than 
water, and naturally floats upon it, be detain- 
ed under water, it will, upon removal of that 
force, emerge to the top. And this it does fo 
readily, and, as it feems, fpontaneoufly, that 
not only the Peripatetick fchools, but the ge- 
nerality of philofophers, both ancient and mo- 
dern, do, as well as the vulgar, afcribe this 
afcenfion of lighter bodies in water to an in- 
ternal principle, which they therefore call po- 
fitive levity. 

But this principle was not always fo uni- 
verfally received among philofophers, as in later 
ages it proved to be; Democritus, and feveral 
of the ancients, both atomifts and others, ad- 
mitting no abfolute, but only a relative or re- 
fpective levity ; which opinion fome of the 
moderns have ingenioufly attempted to re- 
vive. 

But, becaufe whatever wit they may have 
employed in arguing, yet the fchools feem to 
have the advantage in point of experience, the 
obvious inftances, given by the Peripateticks, 
having neither been folved by real and pra¢ti- 
cal variations of the fame inftances, nor coun- 
terbalanced by new experiments of a contrary 
tendency ; the Importance and difficulty of the 
fubjeét invited me to attempt, when I was up- 
on hydroftatical trials, whether I could expe- 
rimentally fhew, that whatever becomes of the 
general queftion about pofitive levity, we need 
not admit it for the true and adequate caufe of 
the emeriion of wood, and fuch lighter bodies, 
‘let go under water. 


Vout. Il. 


[: is obvious, even to the vulgar, as well as 


EXPERIMENT IL 


HE inftance, that is wont to be urged 

to prove the pofitive levity of wood in 
water, feems to me to have been too perfunc- 
torily made, to be fafely acquiefced in. For 
even as it is propofed with advantage by a 
learned foreign mathematician, I cannot think 
it accurate enough to determine the prefent 
controverfy:: for I will readily allow him to 
fuppofe, that in cafe a flat board, as for in- 
{tance, a trencher, have its broad furface kept 
by a man’s hand or other competent force up- 
on the horizonta] bottom of a tub full of wa- 
ter, if the hand or other body, that detained 
it be removed, it will ordinarily happen, that 
the trencher will haftily afcend to the furface 
of the water. But I do not perceive, that a 
decifive experiment of this kind is eafy (not 
to fay, poffible) to be made with fuch mate- 
rials. For the wood, whereof both the tren- 
cher and the bottom of the barrel confift, are 
{uppofed to be lighter in fpecie than water ; 
and to be fo, they muft be of a porous and not 
very clofe texture. To which agrees very well, 
that the folider woods, as lignum vite, Brafil, 
&c. whofe texture is more clofe and compact, 
will not float on water but fink in it: and 
therefore, if there be not much more care ufed, 
than Ihave yet heard, that any experimenter 
has employed, to bring the furfaces of the 
trencher, and the bottom of the barrel, to a true 
flatnefs,and as much {moothnefs, as they can be 
brought to, I fhall not think the trial fo accu- 
rately made, as it might be ; not to fay, which 
I fufpect, that though it be mentally, yet it ts 
4F {carce 


294 


{carce practically poffible to bring fuch porous 
podies, as thofe of the lighter woods, to be fit 
for fuch a contact as might be neceffary to 
make the trial accurately. And in cafe that 
were actually done, I fhould be kept from ex- 
petting, with my adverfaries, the emerfion of 
the trencher, by the experiment by and by to 
be recited, and by the true reafon of it. 

I think then, that the caufe, why in ordi- 
nary inftances, wood, wax, and other bodies 
fpecifically lighter than water, being let go at 
the bottom of a veffel full of that liquor, e- 
merge to the top, is chiefly, that there is no 
fuch exquifite congruity and contact between 
the lowermoft fuperficies of the wood, and the 
upper furface of the bottom of the veffel, but 
that the lateral parts of the water, being im- 
pelled by the weight of the parts of the fame 
liquor incumbent on them, are made to infi- 
nuate and get between the lower parts of the 
wood and the bottom of the veffel, and fo lift 
or thruft upwards the wood, which bulk for 
bulk is lefs heavy than the water that ex- 
trudes it. 

TuHatT this is the reafon of the emerfion 
or afcenfion of bodies, lighter in fpecie than 
the fluids they {wim in, is moft confonant to 
the laws of *. Hydroftaticks, as I have elfewhere 
fhown. But whereas the whole force of the 
argument of thofe I difpute with, confifts in a 
fuppofition, that, becaufe the trencher (for- 
merly {poken of) is placed upon the bottom of 
the barrel, no water can come between to buoy 
it up, whence they conclude, it muft afcend 
by an internal and pofitive principle of levity, 
I thought fit to make the experiment after an- 
other, and, if I miftake not, a better manner. 

We took then two yound plates of black 
marble fhaped like cheefes, which had thofe 
fuperficies, that were to be clapped together, 
ground very flat, and polifhed very carefully, 
that the {tones being laid one upon the other, 
might touch in as many of the fuperficial parts, 
as the workman could bring them to do; that, 
whilft they were in that pofition, the upper- 
moft being taken up, the other would ftick to 
it, and afcend with it. And to keep out the 
water the better, the internal furfaces were, be- 
fore they were put together, lightly, and but 
very ; lightly, . oiled ; “which did not hinder 
. them from moft, eafily fliding along one ano- 
ther, either forward or backwards, or to the 
right, or to the left, as long as the contiguous 
furfaces were kept horizontal, _ 

Tuese things being done, a blown bladder, 
. of a moderate fize,, was faftned to the upper 
marble, and both of them were let down to 
_the bottom ef 4 tub of water, where, by the 


help of an gafy cantrivance, the lower marble 


was kept level to the horizon. And now the 


_ patrons of pofitive levity would have conclu-— 


_ ded, that the bladder, being a body, granted 
_ to be by vaft odds lighter than, wood, and be- 
jng in an unnatural place beneath the, furface 
of the water, fhould, of its own accord, and 
with impetuofity, emerge; but I expected a 
contrary event, becaufe the bladder being tied 
to the upper marble, fo thac both of them 


* See the Hydroftatical Paradoxes. 
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might in our cafe be confidered as one body, 
the water could not impel them up, in regard. 
that the clofe contact of the furfaces of the 
two marbles kept the water from being able 
to infinuate itfelf between them, and confe- 
quefitly from getting underneath the upper 
marble, and preffirig againft the lower faper- 
ficies of it. And to fhew, that this was the 
reafon of the bladder’s not emerging, I caufed 
one of the by-ftanders to thruft his arm down 
to the bottom of the tub, and with his hand 
to make part of the oiled furface of the upper 
marble flide off, on any fide, from that of the | 
lower, which, by reafon of the fmoothnefs 
and flipperinefs of the furfaces, he found moft 
eafy todo. But the contact ftill continuing 
according td a greater part of the furfaces than 
was requifite, Ibid him yet flide, but by low 
degrees, more and more of the upper marbles 
from the lower, till at length, when, accord- 
ing to his guels, the miarblés touched but in 
one half of their furfaces, the endeavour of 
the water to extrude the bladder full of air be- 
ing ftronger than the refiftance, which the con- 
tact, but of part of the furfaces of the ftoney, 
was able to make, they were fuddenly dif- 
joined, and the.bladder was by the extruding 
water impetuoufly, as it were, fhot up, not 
only to the top of the water, buta good way 
beyond it. 

Witx thefe marbles we made feveral o- 
ther experiments of this kind, moft commonly 
letting down the marbles both together ; but 
once or twice at leaft placing the upper mar- 
ble under water upon the lowermoft already 
fixed to the bottom of the barrel. 

THAT it was not the weight of the upper 
marble, nor want of lightnefs, whether pofi- 
tive or relative, of the air included in the blad- 
der, that kept it from afcending, was plain, 
not only upon the néwly-mentioned impetuous 
emerfion of it, upon the disjoining of the 
marbles, but by this, that the bladder would 
lift up from! the lower parts of the water, not 
only the upper ftone, when it touched not the 
other, but a weight of feven or eight pound 
hanging at it. 

_ ANp that a fuga vacui was not an ‘ade- 
quate caufe of the cohefion of the marbles in 
our experiment, may be argued from this, 
that whether or no nature do any thing, at any 
time, out of abhorrence of a vacuum (which 
may be much difputed;) yet; in our cafe, this 
abhorrency could not be well pleaded by its 
affertors, fince many of them hold it to be 


Sha gm and the more modeft, to be at 


eaft capable of lifting up prodigious weights ; 


“whereas, in our experiment, the levity of a 


bladder, that could not raife ten pound weight, 
was fufficient to disjoin the marbles, when they 
yet touched one another according to half 
their furfaces. 


EXPERIMENT II. 


O fhew, now whether it is not rather the 
gravity and preffure of the water, or 

other ambient fluid, than the pofitive levity 
of 


Levity of Bopiges under Water. 


of a body lighter in fpecie than it, that makes 
the immerfed body afcend to the furface of 
the liquor, I devifed this experiment: 

We took a bladder, out of which a great 
part of the included air had been expreffed, 
and tying the neck of it very clofe, that none 
of the remaining air might get out, we faftned 
to it a confiderable weight of fome very pon- 
derous body, as lead or iron. By'the help of 
this, we fenk the bladder to the bottom of a 
wide mouthed glafs, full of water, that the 
furface of the liquor might be a good deal high- 
er than the upper part of the bladder: ‘this 
wide mouthed glafs we included in a great re- 
ceiver (whofe orifice muft be very large to be 
able to admit fuch a veffel) which I caufed to 
be cafefully cemented on to the engine. ‘Whe 
main ftope of this experiment-was to thew, 
that though the air, included in the bladder, 
was very far from being able, by its abfolute 
levity,'to-lift'up fo. great a weight, as the blad- 
der was clogeed-with, yet the fame air, con- 
tinually included inthe bladder, would, by its 
meer expanfion, without any new external heat, 
acquire a:power of afcending in {pite of that 
weight; which afcenfion therefore muit be 
attributed to the water, which, according to 
the laws hydroftatical, ought, ceteris paribus, to 
refit; or buoy up more potently thofe immerfed 
bodies, that being lighter an fpecie, than. 1t, 
.poffefs the greateft place in it, and‘hinder the: 
‘more water ‘from. acquiring its,due fituation: 
as‘we fee, that«among hollow fpheres.of glafs 
‘and metal, equally thick. and well ftepped, 
there is a: much’ heavier weight requifite to fink 
a large one:than‘a‘fmall one. :For the profe- 
“cution' of ‘this !trial, 'we. began to punnp.the 
‘air out of the-great receiver; ‘and its preffure 
‘upon the ‘furface of the water. being thereby 
‘more and more ‘effened, (according to what 
“we thewhere more fully declare) the fpring. of 
‘the included ‘air began by degrees to diftend 
‘the fides of the ‘bladder, mil at: length that 
-veffel of -air.fwelling every way, took up ‘fo 
much more:room'in the water than it:did ‘be- 
‘fore, that! the-water was able to lift: the ‘blad- 
“der and theiannexed weight to the top, and 
detain it there,-till:we thought fit’ to let: in-a- 
gain fome of the excluded air, -which forcing 
that in the bladder to fhrink in its dimenfions, 
the weight was prefently able to fink it to the 

bottom. 

‘AnD here:it nay be noted, :that if, inftead 
“of Hanging fo .great a weight at the neck ‘of 
- the bladder, we faftened but a: moderately heavy 

piecei of lead, ~fuch as would only ferve to fink 

the bladder, ‘and keep it.at the bottom of the 
“water, fo that the. aggrepate. of the. bladder, 
‘air, and metal,*was bnt a little heavier than 
_a bulk of water equal to them:. then, upon 
‘ the firft fuck or operation of the pump, which 
- could’ withdraw but a {mall pare of the air 
- in the receiver, the air in the bladder fuddenly 
expanding ‘icfelf,. would forthwith be impetu- 
--oufly extruded by the water, though after fome 
“séciprovations it:would floatin its due pofitian, 

till. upon’ ‘the ‘return of a little. outward air, 


fometimes as little as we could conveniently let 
win, it would immediately fubfide. 

Bur this is not fo neceffary to be infifted on; 
as it is to take notice, that J forefaw it may be 
objected, that the afcenfion of the weight was 
not effected by the preffure of the water, but 
by this, that rarity and levity being qualities 
exceedingly of kin; the great rarefaction of 
the air might prepagtionably increafe the le- 
vity of it, and confeqienrly enable it to perform 
much greater things than it could do before. 

I will not here difpute, whether, generally 
fpeaking, .a body rarified without heat, would; 
in vacuo, or in a fluid not heavier in fpecie 
than the body when rarified, meerly, by fuch 
a greater diftance of its.parts as may fuffice to 
entitle it to rarefaction, become really heavier 
or lighter than before. I will not, ‘I fay, dif- 
cufs this. queftion here; where it-mayiferve my 
turn to fatisfy the recited objection by the fol- 
lowing experiment, 


EXPERIMENT IL 


A BOUT the neck of a conveniently 
-& fhaped vial capable to hold fome few 
ounces of water, I caufed to be carefully tied 
the neck of a {mall bladder, whence the air 
had been diligently expreffed, fo that the, blad- 
der, being very limber of -itfelf, and probably 
made: more fo, as well as more impervious to 
air and water, by the. fine oil we had caufed it 
to be rubbed with, lay upon the orifice of the 
vial like a. {kin clapped together with. many 
folds :and wrinkles. 

(Luis done, we let down the. vial into a 
conveniently fhaped veffel full of water, and 
the vial, being poifed before-hand for -that 
purpofe, funk perpendicularly in the liquor, 
till the neck of the glafs-was partly above: and 
partly beneath the furface of: the. water: then 
covering the external glafs with a large receiver, 
‘we caufed the air to be pumped out, and as 
the preflure of that: was -gradwally withdrawn, 
‘therair in the floating vial did little by little 
-exspand -itfelf..into the bladder, and unfolded 
the wrinkles of it,. till at length :it: became full 
-blown, without altering the; erected pofture.of 
the glafs it leaned upon. But this great ex- 
panfion, being made above the water, and 
-confequently.in a-medium not: heavier than the 
included: air, gave that highly rarified air no 
fuch increafe of levity, as. enable us to per- 
ceive, that'it made fo, much as the neck of 
the, glafs arife higher in the water,, than it did 
before. Nor did we take notice, that the re- 
turn of the air into the receiver, by reducing, 
the air,in the bladder to its-former unrarified 
eftate, made the glafs fink deeper than be- - 
‘fore. But when the experiment was: tried with 
.the-fame glafs and bladder, at the bottom 
of the water, then, upon the pumping out the 


-air, :the blddder being dilated. under water, -was 


after a while carried up to the top, and took 


‘up with it about eight or ten ounces, that-had 


been, to clog it, faftened to the bottom of the 
vial, 
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NEW EXPERIMENTS 


About the PRESSURE of the 


Al R’S 


SPRING 


ON BODIES UNDER WATER. 


Do not think it were difficult for an intel- 
[ ligent perufer of our phyfico-mechanical 
experiments, to find there divers phzno- 
mena, whence it may be deduced, that bodies 


under water, though kept by that liquor from 


the immediate contact of the air, may yet be 
expofed to its preffure, whether the air act as 
having a weight, or asa fpring. But becaufe 
not only the vulgar, but philofophers, have been 
fo long and generally poffeffed with an opi- 
nion, thata fluid fo little heavy as the air, can- 
not by its weight act upon a liquor, that is, 
hike water, bulk for bulk, a choufand times 
heavier than it : and becaufe alfo it feems yet 
more ftrange, that a little air, perhaps not 
amounting to a fcruple or drachm in weight, 
fhould in its ordinary ftate of laxity aét confi- 
derably upon bodies, which, being covered 
with water, feem, by the interpofition of that 
liquor, to be fenced from the incumbent air ; it 
may be worth while to add three or four hy- 
droftatical experiments, to confirm a truth, 
that very few are yet acquainted with; and 
add to the proofs, already given of the power 
of the fpring of the air, fome of the opera- 
tions we have difcovered it to have upon bo- 
dies placed under water. 

THERE are two forts of trials, that I thall 
employ to fhew, that a {mall quantity of en- 
clofed air may, by its preffure, (which in our 
cafes muft depend upon its fpring) have a con- 
fiderable operation upon bodies under water, 
notwith{tanding the interpofition of that li- 
quor. 

For, this preffure we fpeak of, may be 
manifefted, in the firft place, by what it di- 
rectly and pofitively operates upon bodies 
covered with water: and, in the next place, 
by the things, that regularly enfue upon the 
removal of the enclofed air, or the weakning 
of its {pring. 


EXPERIMENT I 


T° begin with the former way of fhewing 
the preffure of the air, I thought it fuf- 
ficient, in regard of the trials to be referred to 
the fecond way, to make the following expe- 
riment. 

We took a fquare glafs-vial, gueffed to be 
capable of holding between half a pint and a 
pint of water ; the neck of this we luted on 
carefully and ftrongly (for elfe it would have 
been buoyed up) over the orifice of the {mall 


pipe, at which the air paffes in our engine our 
of the receiver intothe pump: then whelming: 
over this glafs a great receiver, we luted it 
{trongly to the engine (that it might as well 
keep in the water as keep out the air) and at 
the top poured in as much water as fufficed 
to inviron the internal receiver (if I may fo 
call it) and cover it toa pretty height. This 
done, we exactly clofed with a turning-key, 
the hole in the great receiver, at which the 
water had been poured in, that no air might 
get in or out that way. And laftly, we began 
to pump out the air contained in the internal 
receiver ; to the end that that air, which by 
the above-mentioned pipe had communication 
with the external air, might no longer by its 
preffure affift the glafs to refift the preffure, 
which the incumbent and enclofed air, by ver- 
tue of its fpring, conftantly exercifes upon the 
fubjacent water, and by its intervention upon 
the fides and bottom of the internal receiver. 

AND as we expected not, that this glafs by 
its own fingle force, fhould refift the preffure 
of the air enclofed in the upper part of the 
great receiver notwithf{tanding the interpofition 
of the water; fo the event fully juftified our 
conjecture : for at the firft exfuction, which 
could not be fuppofed to have well emptied 
the internal glafs, this veffel was, by the pref- 
fure of the fuperior air upon the circumftant 
water, broken into I know not how many 
pieces. And the fame experiment, though 
with a little flower fuccefs, was repeated with 
a {tronger internal glafs. 


EXPERIMENT I. 


Proceed now to the fecond way of manifeft- 
| ing the preffure of enclofed air upon bodies 
under water, which is by fhewing the pheno- 
mena, exhibited by thofe bodies upon the re- 
moval or leffening of that preffure. 

Havine fqueezed out of a moderately 
fized bladder the greateft part of its air, we 
tied the neck of it very clofe, and then faftening 
to it a competent weight, we placed it at the 
bottom of the talleft and largeft glafs we 
could cover with our great receiver, that fo, 
though the incumbent air were pumped out, 
none of the water might be pumped out with 
it, buc ftill retain the fame height above the 
bladder. Having then poured upon the blad- 
der as much water, as would {wim a great way 
above the upper part of it, we covered this 

- glais 
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e@lafs of water with a great receiver, which be- 
ing carefully ccmented on to the engine, the 
pump was fet a work, and as the air, which by 
its {pring preffed upon the furface of the in- 
cluded water, was by degrees pumped out, 
fo the air, that was imprifoned in the bladder, 
did gradually expand it felf at the bottom of 
the water, as if no fuch liquor had interpofed 
between them otherwife than by its weight, 
upon whofe account it muft be allowed to give 
fome little impediment to the expanfion of the 
bladder, in proportion to the height it had a- 
bove it. 

Tue event of our experiment was fuch 
as was expected, namely, that the immer- 
fed bladder was at length full blown, by 
the dilatation of the air inclofed in it; and 
by its intumefcence made a confiderable part 
of the water run over by the fides of the glafs, 
that before contained it all. And when accefs 
was given again to the external air, the inter- 
nal being comprefied, the bladder was pre- 
fently reduced to its wrinkled ftate. 


EX PERIMENT IIL. 
E. took a {mall but fine bladder, whofe 


y neck was ftrongly tied up, when it was, 
by guefs, about half full of air: this we put 
into a fhort brafs cylinder, the lower of whofe 
bafes was clofed with a brafs-plate, and the 
other left open; this open orifice we afterwards 
itopped, but not exactly, with a cylindrical 
plugg, that was fomewhat lefs wide than it, 
and was by a rim at the top hindered from 
reaching too deep into the cavity of the cylin- 
der, that it might not do mifchief to the blad- 
der, that lay there beneath it; upon this pluge 
we placed an almoft conically fhaped weight 
of lead, and this pile of feveral things being 
fo placed upon our engine, that we could cover 
it with a great receiver, we carefully cemented 
on this veffel, and at the top of it poured in 
fo much water, as would ferve to fill the va- 
cant part of the brafs cylinder, and the cavity 
of the engine to fuch a height, that it covered 
all the leaden weight, which was feveral inches 
high, except a rim, which was faftened to 
the top of it for the convenienter removing 
of it. 

Att this being done, the pump was fet to 
work, and long before we had exhaufted the 
air of the receiver, that, which was inclofed in 
the lank bladder, had by degrees, difplayed fo 
vigorous a {fpring, that it had heaved up the 
weight, that lay upon it, to a notable height, 
and kept it there, till the air was. let in from 
without, to affift its being depreffed by the 
leaden weight, which amounted to no lefs 
than about 28 pound. 


EXPERIMENT IV. 


YTAHERE remained yet one trial to be made, 

which, in cafe it fhould fucceed, feemed 

likely to appear as great an evidence of the 

force of the air’s fpring upon bodies under 

water, as could be reafonably defired of us; 

it having been looked upon by many virtuofi, 
Voc. Ill. 


as the confiderableft inftance of the force of the 
air’s {pring, even when no water intervened in 
the trial. 

To fatisfy therefore our curiofity, we took 
a copper veffel of a cylindrical fhape, and a 
confiderable height; into this, being firft al- 
moft filled with water, we put a fquare glais- 
vial, capable, by guefs, to hold nine or ten 
ounces of water, and exactly ftopped with a 
cork and a clofe cement: this vial, by a com- 
petent weight, was detained at the bottom of 
the water, trom whofe upper furface it was 
confiderably diftant: then the copper vefiel 
being placed upon the engine, and included 
in a great receiver well cemented on, the air 
was by degrees pumped out; but before it was 
quite exhaufted, the glafs at the bottom of the 
water was, by the {pring of the air included in 
it, burft into many pieces, not without great 
noife, and a kind of fmoak cr mift, that ap- 
peared above the furface of the water. 

ANOTHER glafs of the fame fort had been 
broken after the fame manner in another 
veflel ; but having afforded us no particular 
phznomenon, I barely mention it, to fhew, 
that we made more than one trial of this 
kind. 
_ THe confequence, that will naturally refule 
from the three laft experirhents, is this, that 
fince barely upon the withdrawing of the pref- 
fure of the included air (which was perhaps 
but very little in quantity,) the air refiding in 
the immerfed bodies, did, by virtue of its 
{pring, expand itfelf fo forcibly as we .have 
recited, and perform notable things, the air 
above the water muft have exercifed a very 
powerful preffure upon the furface of it, fince 
(fetting afide the weight of the water, of {mall 
moment in our trials,) it muft have been, at 
leaft, equivalent to (and probably much ex- 
ceeded) that force of the immerfed air, whofe 
exercife it was able totally to hinder. 

Anp from hence it may be eafily deduced, 
that the weight of the atmofphere acts upon 
bodies under water, notwithftanding that the 


‘interpofed liquor is, by vaft odds, heavier in 


{pecie than air; for we have juft now proved 
the preffurre of inclofed air, (which confifts in 
its {pring,) upon bodies under water ; and it 
is manifeit, that the ftrength of the {pring of 
this inferior air, we make our trials with, is 
caufed by the weight of the fuperior air, which 
bends and compreffes thofe little aereal fpringy 
particles, whereof our air confifts ; fo that the 
weight of the atmofphere being equivalent 
to the fpring of the inferior air, (for elfe it 
could not comprefs it as much as it does,) 
muft lean upon the furface of the fubjacent 
water, with a force equivalent to the {pring of 
‘that part of it, that is contiguous to the 
water, - 

Tu 1s experiment brings into my mind ano- 
ther, that I once made, which, though not 
properly hydroftatical, yet relating to pofitive 
levity, may perhaps be not ufelefly added on 
this occafion: wherefore I fhall here fubjoin a 
tranfcript of the phznomenon, that belongs 
to our prefent purpofe, as it is regiftered foon 
after the experiment was made. 
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(‘lo examine, by a vilible experiment, the 
common doctrine, that a portion of air, by 
being much dilated, rarified or expanded, does 
acquire a new and proportionable degree of 
pelitive levity, I devifed to put in practice the 
following way: 

We took a bladder of a moderate fize, 
that was very fine and limber, that it might 
be the lighter and more eafily diftended. The 
moft part of the air being fqueezed out of the 
bladder, the neck of it was tied up very clofe, 
that no air might get out of it, nor any exter- 
nal get into it. This limber bladder was hung 
at one of the fcales of a balance, whofe beam 
had been purpotely made more than ordinarily 
dhort, that the inftrument, (which yet was 
ticklifh enough) might be fufpended, and ca- 


pable of playing in the cavity of a great re- 
ceiver, into which we conveyed it, having firft 
carefully counterpoifed the bladder with a mc- 
talline weight put into the oppofite fcale. 

Tus done, the air was pumped out, and, 
as that was withdrawn, the bladder was more 
and more expanded by the {pring of the inter- 
nal air, till at length, when the receiver was 
well exhaufted, it appeared to be quite full. 
Notwithftanding which great dilatation of the 
included air, it did not appear by the depref- 
fion of the oppofite fcale, to be grown mani- 
feftly lighter, than it was at firft. And the 
bladder feemed alfo to retain the fame weighr, 
after it had, by the air, that was let into the 
receiver, been compreffed into its former 
wrinkled ftate.] 
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phyfico-mechanical experiments, but even 
among fome learned men, it has proved 
a great impediment to men’s freely acquiefcing 
in the doctrine founded on thofe phenomena, 
that if the atmofphere could really exercife fo 
ereat a preflure, as we afcribe to it, it would 
unavoidably opprefs and crufh all the bodies 
expofed to it, and confequently neither other 
animals, nor men, would be able to move un- 
der fo great a load, or fubfift in fpite of fo 
forcible a compreffion. 
Tuis I readily grant to be a plaufible ob- 


Gs F. not only in vulgar fpectators of 


jection ; but I fuppofe the force of it will be 


taken away by the following confiderations put 
together. 

Anp firft, the power of preffing, that we 
afcribe to the air, is not a thing deduced, as 
too many other confequences in phyfick are, 
from doubtful fuppofitions or bare hypothefes, 
but from real and fenfible experiments. And 
therefore fince we have clear and pofitive 
proofs of the preffure of the air, though we 
could not explain, how men and other animals 
are not deftroyed by it; yet we ought rather 
to acknowledge our ignorance in a doubtful 
problem, than deny what experience manifefts 
to be a truth: as is generally practifed in treat- 
ing of the attractive and other powers of the 
loadftone, which are freely acknowledged, even 
by thofe, that confefs themfelves unable to ex- 
plicate them 5 though, if experience did not 


fatisfy us of them, they were liable to divers 
more confiderable obje€tions, than any, that is 


urged againft the preffure of the air. 


SECONDLY, but though it be not abfolutely 
neceflary, that we fhould anfwer the above-re- 
cited objection otherwife, than by thus declar- 


‘ing, that the {pring of the air is not to be re- 


jected for it; yet we will endeavour very much 
to leffen it, if not quite remove the difficulty, 


‘before we put an end to the difcourfe. 


I confider then thirdly, that they, that urge 
the lately mentioned objection againft the great 
preffure of the air, feem not to be aware, that 
we were conceived and born in places expofed 
to the preffure of the atmofphere, and there- 
fore how great foever that preffure appeared 
to be, it ought not to crufh us now, fince 
when we were but embrios, or new-born babes, 
and confequently very much more weak and 
tender than we now are, we were able to re- 
fift it, and not only live, but grow in all 
dimenfions in {pite of it. 

Ir there were any place about the moon, or 
fome other of the cceleftial globes, that fome 
learned men fancy to be inhabited, that has 
no atmofphere, or equivalent fluid about it, 
and where yet men could be generated a-new, 
if one of thofe men fhould be fuppofed to be 
tranfported thence, and fet down upon our 
earth, there might be made an experiment fit- 
ted for our controverfy. In the mean time, 
I doubt, that fince nature ts not obferved to 

make 
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thake things fuperfluoudy ftrong, fuch a human 
body being not made to refift any weight or 
preffure of air, would be of fo tender and 
cornpreffible a make, that it would eafily be 
crufhed inwards by our atmofpherical preffure. 
And though we cannot give an inftance of this 
kind, yet we make trials fomewhat analogous 
to it in our pneumatical engine. For wien we 
place water in our receiver, and pump out the 
air, that was above it, there will be generated 
a multitude of bubbles, fome of which, when 
the air is carefully withdrawn, will be of a 
{trange and fcarce credible bignefs ; thefe bub- 
bles being generated where the air cannot prefs 
upon them, thefe dimenfions are fo natural to 
them, that if the receiver be fuppofed not to 
leak, nor other unfriendly accidents to inter- 
vene, they would (for aught we know) laft a 
good while ; fince I have elfewhere fhewn, 
that the {pring of highly dilated air did con- 
tinue for many months, and a bladder would 
for no lefs time continue blown and filled in 
our vacuum by a little air, that was left in it, 
when the ambient air began to be withdrawn 
from it. And yet the large bubbles above- 
mentioned, when once the outward air is fuf- 
fered to come in upon them, are thereby fo 
violently compreffed, that in a trice they. fhrink 
into dimenfions, too fmall to keep them fo 
much as vifible ; and if { could have fucceeded 
in my attempt of producing fuch living bodies 
as I endeavoured (but did not expect) in our 
vacuum, I fuppofe the fuccefs would have con- 
firmed what I have heen faying. 

FourTHLY, but you will tell me, that fo 
preat a weight and preffure, as I affign the 
atmofphere, muft needs make a man feel pain, 
and, if not otherwife diflpcate fome of the 
parts, muft, at leaft, prefs the whole body in- 
ward. 

But firft, being accuftomed to the preffure 
from our very birth, and even before it, {fo 
eatly and long an accuftomance hinders us 
from taking notice of it; thofe preffures only 
being fenfible to us, that are made fo by fome 
additional caufe, which by making anew im- 
preffion excites us to take notice of it. So we 
are nct fenfible of the weight of the clothes we 
are accuftemed to wear; and fo a healthy 
man is not fenfible of the heat in his heart, 
becaufe it is conftant there, and ‘the fentient 
parts of the heart have been ftill ufed to it, 
whereas that heat oftentimes has been very 
confiderable ; and when in living diffections a 
man puts his finger into the heart of an animal, 
which probably has a fainter, or at leaft no 
ftronger degree of heat than a human heart, 
he will feel in his fingers, accuftomed to the 
air, a manifeft degree of heat, if they be but 
in their ufual temper. 2. 1 have elfewhere 
proved by experiments, that a cubick inch of 
air, for inftance, has as ftrong a {pring, as fuf- 
fices to enable it to refift the weight of the 
whole atmofphere, as far as it is expofed there- 
unto; for elfe it would be more comprefied 
than de faéfo itis. And 3. Ihave alfo fhewn, 
that a very little portion of air, though it 
will much fooner loofe its {pring by expan- 
fion than a greater, yet it will refift further 


compreffion as much as a greater. And 4. I 
have alfo fhewn, that in the pores of the parts 
of animals, whether fluid or confiftent, as in 
their blood, galls, urines, hearts, livers, &c. 
there are included a multitude of aereal cor- 
puicles, as may appear by the numerous bub- 
bles afforded by fuch liquors, and the {welling 
er expanfion of the confiftent parts in our ex- 
haufted receiver. 5. To this we may add, 
that, befides the bones, whofe folidity is not 
queftioned, a much greater part of the hu- 
man body, than is wont to be imagined, does 
really confift of membranes and fibres, and the 
coalitions and contextures of thefe; and that 
thefe fubftances are, by the providence of the 
moft wife author of things, made of a much 
clofer and ftronger texture, than thofe, that 
have not tried, will be apt to think ; as I could 
make probable by the great force that bladders 
will endure, and the very great weight, that 
tendons of no great thicknefs will. lift up or 
fuftain, and by other things, that I fhall not 
now infift on, Laftly, there is a far greater 
difference, thari men are wont to fufpect, be- 
tween the effects of the preffures made upon bo- 
dies by incumbent, or otherwife applied folid 
weights, and thofe, that they fuffer from hea- 
vy, but every way ambient fluids; as will ap- 
pear by the experiments to be mentioned by 
and by. 

From the particulars contained in thefe 
confiderations, we may be affifted to fhew, 
why it is not neceffary, that the preffure of 
the atmofphere, though as great as we fuppofe 
it, fhould opprefs and crufh the bodies of men, 
that live under it: for, the folidity of the bones, 
and the ftrong texture of the membranes and 
fibres, and the {pring of the aereal particles, 
that abound im the fofter, as well as in the fluid 
parts of bodies, is equivalent to the preffure of 
as much of the atmofphere, as can exercife its 
preffure againft them, and makes the frame of 
a human body fo firm, that it may well refit 
the preffure of the outward air, without having 
any part violently diflocated, whilft the exter- 
nal preffure is exercifed but by the air, which 
being but an invironing fluid, preffes it equally 
(as to fenfe) on every fide. And becaufe our 
bodies have been produced in the atmofphere, 
and from our very birth expofed, without in- 
termiffion, to the preffure of it; our con- 
tinual accuftomance to this preflure, and the 
firmnefS of their ftructure, keep us from be- 
ing fenfible of the weight or preffure. And 


that it was not impertinent for me to mention: 


the rmnefs of the frame of our bodies on. this’ 
occafion, I fhall manifeft by an inftance, that 


will upon another account alfo be proper for 


this place. 
We know, that multitudes of men have 


had occafion to pafs over high mountains ; and’ 


befides, that I have been myfelf upon the 


Alps and Appennines, 1 have enquired of tra-- 


vellers, that have vifited the Afian and Ame- 
rican mountains, and fome, that have been up- 
en the top of the pick of Tenerif itfelf: but 
though divers of them took notice of a great 
difference in the air at the top and bottom, as 
to foe other quality, as coldnefs and thin- 
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nefs ; yet I never met with, nor heard of any, 
that took notice of a difference, as to the weight 
of air he fuftained, or that complained, that 
when he was come down to the foot of the 
mountain, he felt any greater compreffion from 
the air, than at the top. And yet the experi- 
ments made, as well by others as by ourfelves, 
fufficiently witnefs, that on more elevated parts 
of the earth, which have a lefs height of the 
atmofphere incumbent on them, the weight 
and preffure of the air is not fo great as be- 
low. And on very high mountains, it 1s not 
unlikely, that this difference may be very con- 
fiderable, fince,-when the Torricellian experi- 
ment was made near Clermont in France, upon 
the Puy de Domme, (whichis none of the higheft 
mountains in the world, being found, by the 
ingenious makers of that obfervation, to be 
but about 500 fathoms,) they found the diffe- 
rence of the mercury, at the top and bottom, to 
amount to about three inches: and confequent- 
ly, if the trial had been made with water in- 
{tead of quickfilver, the difference would have 
been about three foot and a half in the per- 
pendicular height of the water. Andi it 1s ve- 
ry probable, that in much higher mountains, 
the difference of the mercurial cylinders height, 
at the top and bottom, may be much greater; 
and at the bottom of fome very deep well or 
mineral groove, which may, without improba- 
bility, be fuppofed to be placed at, or near the 
foot of one of thefe mountains, if we con- 
ceive the barofcope to be let down, the varia- 
tion of the height of the mercurial cylinder 
may be yet much more confiderable ; and yet 
we find not, that the diogers in the deepeft 
mines, in mountainous countries, are fenfible 
of being leaned on or compreffed. by any un- 
ufual weight. But not here to build on any 
thing but matter of fact, it appears by the 
newly-named obfervation, that, when a man 
was at the bottom of the hill, he had as much 
greater weight of air leaning upon his head, 
than he had at the top, as was equal to the 
height of an imaginary veffel full of water, 


which having his head for bafis, were three 


foot and a half high: which is fo confiderable 
a weight, as could not but have heen, not 
only fenfible, but very troublefome and uneafy 
to fupport. And what has been faid of the 
gravity of a pail of water, that leaned on his 
head, may be proportionably applied to his 
fhoulders, arms, &c. 

Wuence I think I may infer, that the 
reafon, why fuch a weight was not felt by the 
man it comprefied, was not, that the air, that 
preffed him, was not confiderable, but that the 
preffure was exercifed after the uniform man- 
ner of fluid bodies. 

ANpD this may fuffice to fhew, -that there is 
no neceffity, that the compreffion of the atmo- 
{phere fhould make it impoffible to live in it. 
But becaufe ’tis obferved, that thofe, that dive 
to great depths under water, are not opprefied 
hy the great weight of the incumbent water, 
and the caufe of this ftrange phanomenon is 
not fo eafy to be affigned, and therefore has 


* See the Hydroftatical Paradoxes. 


New EXPERIMENTS about the 


been made one of the two grand arguments, 
whereon the non-gravitation of water in water, 
and air in air, has been, and {till remains found- 
ed: I fhall here offer fomething ex adundanti 
towards the folution of that noble and difficult 
problem. 

Anp firft, that what is obferved by the 
divers, does not evince, that water does not 
weigh in water, I have elfewhere * proved by 
fuch reafons and experiments, as had the good 
fortune to convince eminently learned men, 
that were fufficiently prepoffeffed with the vul- 
gar opinion: and in the fame treatife I have 
given a clear account, why a bucket full of 
water is not felt confiderably heavy, whilft ic 
is under water, in comparifon of what it is 
whilft it is drawn up into the air ; which is the 
other phanomenon, that I frefhly intimated 
the common opinion to be founded on. | 

Next, Ido not think it ftrange, that that 
follows not, which it is objected fhould follow 
from our hypothefis; namely, that a diver 
fhould be violently depreffed to the bottom of 
the water, by the weight of fo great a pillar 
of the fea as is placed perpendicularly over his 
body, For if we imagine a plane fo to cut the 
fea-water, as to pafs by the diver’s body ; then 
as that part of the plane, on which his body 
leans, will be preffed by it, together with the 
water, that is perpendicularly incumbent on 
it; fo all the other parts of the fame plane 
will be preffed by equally tall, pillars of water 
perpendicularly incumbent on them ; and con- 
fequently, if the man’s body were juft equi- 
ponderant to'an equal bulk of water, it and the 
water, that leans on it, would be fuftained by © 
the preflure of the collateral water incumbent on 
the other parts of the fame plane (as may be ea- 
fily underftood by what I have elfewhere + faid.) 
And therefore there is no reafon, why the 
divers bodies fhould be more forcibly depreffed 
than its depreffion is refifted. It is true, that 
this body will fink, but that is becaufe it is not 
only, as we lately fuppofed it, zequiponderant 
to an equal bulk of water, but heavier than 
that. But then, fince the water, by its gravity 
and refiftance, takes off as much of the weight 
of the diver’s body, whilft that is immerfed, 
asa quantity of water equal to it, would weigh 
in the air, the fubfiding of the human body 
by its own weight ought to be but flow, be- 
caufe that being not in fpecie much heavier 
than water, it can fink but by virtue of the 
furplufage of weight, that it has above water. 
And, in effect, I have been informed by fwim- 
mers, that in the fea, whofe water, by reafon 
of the faltnefs, is {pecifically heavier than the 
common water, they could hardly dive when 
they had a mind ; the falt-water did fo much 
fupport them. And having, becaufe I had no 
conveniencies to make trials upon the parts of 
human bodies, examined the weight of parts 
of other animals.in air and water, I found the 
overplus of .the weight of the animal fub- 
{tance sabove an equal bulk of water to be but 
very fmall, And this may fuffice to take off 
the wander, why, though water may be ad- 

mitted 
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mitted to gravitate in water, yet divers are not 
depreffed by that, which leans upon them ; 
the endeavour, they ufe to keep themielves 
from finking, by ftriking the refifting water 
with their arms and legs, eafily compenfating 
their weak tendency downwards, which the 
{mall furplufage of gravity above-mentioned 
gives them. 

Bu it feems to me far more difficult to ren- 
der a reafon, why thofe, that are a hundred 
foot beneath the furface of the fea, are not 
crufhed inwards, efpecially in their chefts and 
abdomens, of at leaft fo compreffed as to en- 
dure a very great pain. 

To clear up or leffen this difficulty, I have 
two things to offer. 

1. Iconfefs, that I am not entirely fatisfied 
about the matter of fact; for I do not yet 
know, whether it fares alike with the divers in 
all depths under water : for, according to the 
an{wers I obtained from perfons, that had been, 
one of them at the coral-fifhing in the Streights, 
and the other at the pearl-fifhing near Mazar, 
J do not find, that the divers are wont to de- 
{cend to the greateft depths of the fea, which 
if they did, perhaps they would find a notable 
difference. 

Anp in fmall, or but moderate depths, 
thofe, that dive without engines, ufually make 
fuch hafte, or are fo confounded, or have 
their minds fo intent upon their work, that 
they take not notice of fuch leffer alterations, 
as elfe they might obferve, efpecially they be- 
ing perfons void of curiofity and {kill to make 
fuch obfervations. Which I the rather men- 
tion, becaufe having met with a learned phy- 
fician, that living by the fea-fide in a hot cli- 
mate, delighted himfelf much in diving; and 
enquiring of him, whether he felt no compref- 
fion, when he paffed out of the air into the 
water, he anfwered me, that when he dived 
nimbly as others ufe to do, he took not notice 
of it, but when he let himfelf fink leifurely 
into the water, he was fenfible of an unufual 
preffure againft his thorax, which he feveral 
times obferved. 

A man, that gets his living by fetching up 
goods out of wrecked fhips, complained to 
me, that if with his diving-bell he went very 
deep into the fea, and made fome ftay there, 
he found himfelf much incommodated; which 
though he imputed to the coldnefs of the wa- 
ter, yet by the fymptoms he related, I was 
inclined to fufpect, that the preffure of it 
upon the genus nervofum might have an in- 
tereft in the troublefome effect. And I have 
been affured by an eminent virtuofo of my 
acquaintance, that he was lately informed by 
a perfon, whofe profeffion it is to fetch u 
things from the bottom of the fea by the help 
of a diving-bell, that feveral times, when he 
defcended to a great depth under the furface 
of the water, he was fo compreffed by it, 
that the blood was fqueezed out at his nofe 
and eyes; which relation feems to favour our 
conjecture, and would much more confirm it, 
if I were fure, that the effect was no way 
caufed by fome fermentation, or other com- 
motion in he blood itfelf, occafioned by the 
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great denfity, or other alterations of the air 
he breathed in and out, or by fome other ope- 
ration of the ambient medium diftinguifhable 
from the compreffion of the water, though 
perhaps conjoined with it. 

Anpb on this occafion I remember, that 
queftioning an engineer, who had made ufe 
of an engine to go under water, quite differing 
from the diving-bell; he anfwered me, that 
when he came to a confiderable depth, he 
found the preffure fo great againft the leathern 
cafe, wherein he defcended, and by that means 
again{t his belly and thorax, that he feared it 
would have fpoiled him, which forced him to 
make hafte up again. But this obfervation, 
to have much built upon it, fhould be further 
enquired into. 

TueEseE things, and not thefe only, make 
me wifh, that what is felt by thofe, that dive 
to great depths, and ftay at them, might be 
more heedfully obferved by intelligent men, 
that being fully informed, what is true in point 
of fact, we may the better and more chear- 
fully indagate the reafons. 

In the mean while, taking things as they 
are thought to appear, I fhall propofe two 
things towards the folution of our difficulty ; 
namely, the firmnefs of the ftructure of a hu- 
man body, and the uniformity of the preffure 
made by fluids. 

Or the firft of thefe I fhall add but litele to 
what has been already faid, where I {poke of 
the refiftance made by our bodies to the com- 
preffion of the atmofphere; only fhall here 
take notice, that whereas the membranes are 
very thin parts, and therefore feem unfit to 
make any great refiftance; we have tried, that 
if a piece of fine bladder were faftened to the 
orifice of a brafs-pipe, of about an inch in dia- 
meter, we could not, by drawing the air from 
beneath it, make the weight of the atmofphere 
break the bladder, though the weight were 
perhaps equivalent to an erected cylinder of 
water, of the widenefs of the orifice, and a- 
bout thirty foot high, and were indeed fuch, 
that divers men, that laid their hands on the 
orifice, when the air was pumped out from be- 
neath, complained, that they were not able to 
lift off their hands again, till fome of the air 
was re-admitted. 

But the main thing I fhall propofe, to- 
wards the folving of the difficulty we are con- 
fidering, is the uniformity, wherewith fluid 
bodies prefs upon the folid ones, that are 
placed in them. And becaufe I remember 
not to have met with experiments purpofely 
made to fhew, how this fort of preffure is 
more eafy to be refifted, than that of folids a- 
gainft folids, I fhall fubjoin the following trials. 


EXPERIMENT I. 


N the fhort cylinder of brafs above-men- 
tioned, we put a fine bladder tied fo clofe 

at the neck, that none of the air (whereof it 
was about half full) could probabiy get out. 
Which we did, to the end, that the hen-egg, 
we were to bed in it, might lie foft, and have 
its fides almoft covered with the limber and 
4H flaccid 
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flaccid bladder and contained air: this done, 
we covered the remaining part of the egg with 
another bladder, that nothing, that was hard, 
might come to bear immediately upon the 
fhell: then we put the wooden plug into the 
cylinder, and a weight upon the plug, which 
is to be done very flowly and warily, left the 
quick defcent of the weight fhould make the 
plug break the egg it leans on. Laftly, the 
cylinder thus fitted, being covered with a large 
receiver, and the air being drawn out, that air, 
which was tied up in the bladders, by degrees 
expanded itfelf fo ftrongly, as to lift up the 
plug and the incumbent weight to a pretty 
height, and keep it there, till the external air 
was re-admitted. 

Now fince it will be readily granted, and 
appears by divers experiments, elfewhere re- 
lated, that the air in fuch cafes expands itfelf 
vigoroufly every way, it appears by the recited 
trial, that it preffed againft the egg with the 
fame force, that it preffed proportionably a- 
gain{t the bottom of the plug, and that force 
was more than fuficient to lift up the weight, 
which (together with the plug) amounted to 


about thirty pound, and yet the egg being’ 


taken out, appeared perfectly whole and no 
way harmeds whereas, upon the fame egg, 
if I miftake not, or at leaft another of the 
fame kind, laying warily a while after fmall 
weights, one upon another, the egg was crufh- 
ed to pieces by about four pound weight. 
This experiment, though it feemed confidera- 
ble to thofe that faw it, and may prevent an 
objection, for which reafon I here mention it; 
yet will appear in no way ftrange to them, that 
confider, that the weight of the atmofphere, 
which the egg fupported, before it was put 
Into the cylinder, was more than zquivalent 
to fuch a preffure of the air, as may fuffice to 
litt up the plug: wherefore I thought fit to 
make further trials of a differing nature. 


EXPERIMENT ILI 


E, took a glafs bubble of about an inch 

and half in- diameter, which we caufed 
to be blown at the flame of a lamp, that it 
might be far more thin and eafy to break, 
than the thinneft vials, that are wont to be 
blown in the glaffer’s furnaces. This bubble 
we included between bladders, as we did the 
ege in the former experiment; and then hav- 
ing warily put the plug into the cylinder, fo 
as it might prefs upon the bladder that invi- 
roned the glafs, we leifurely put the weights 
upon the plug, till they, together with the 
plug, amounted to thirty pound, or more, 
which being removed, the plug was taken out, 
and the glafs-bubble, though it were extraor- 
dinarily.thin, perhaps no thinner than fine 
white paper, was taken out whole, 


EXPERIMENT II, 
UT left the great refiftance of fo thin 


a glafs, which yet was not hermetically 
fealed, fhould be afcribed to the fphericalneis 
of its figure, we employed, inftead of it, the 


fhell of an egg, whence by a hole, made at 
one end of it, the yolk and white had been 
taken out. This empty and imperfectly. 
clofed fhell we handled, as we did the glafs- 
bubble in the former experiment ; and, ‘ not- 
withitanding the great leaden weight, that 
leaned by the intervention of the plug upon 
the foft body, that invironed it, it was taken 
out, not only uncrufhed together, but, for 
aught we could perceive, without the leaft 
crack. 


EXPERIMENT IV. 


ND to fhew, that what we obferved about 

the nature of the compreffion of fluid bo-: 

dies will hold as well in water as air, though 

it feemed difficult to make the trial with’ the 

accommodations we then had, we thought up-- 
on the following expedient. 

Into a limber bladder, almoft full of water, 
we put a hen egg, and tying the neck very 
ftrait, that nothing might get in or out, wé 
fo placed the blaclder in the brafs cylinder, that’ 
the egg might not be immediately touched 
by any thing, that was hard: then putting the 
plug into the cylinder, we warily and leifurely 
heaped upon it flat-bottomed weights of lead 
conveniently fhaped, till they amounted (if 
both I and another mifremember not) to a- 
bout feventy-five pound ; notwithftanding all 
which, the egg was taken out found and un- 
cracked ; and probably might have fupported ° 
a much greater preffure, if we had been fur- 
nifhed with more weights of a commodious 
figure to heap upon it. 

Ir we compare with this what was noted 
at the clofe of the firft experiment, about the 
breaking of an egg with four pound weight, 
when no fluid body was interpofed, it will be 
obvious to conclude, how great a difference 
there is between the refiftance, that a body may 
make to the preffure of folid bodies, that bear 
hard againft fome parts, and not againft others; 
and its refiftance to others, that comprefs it u- 
niformly, or in all places alike. For though 
it be denied, and that, } think, upon very in- 
fuficient grounds, that bodies under water are 
prefied ‘by the incumbent water, becaufe, as 
it is pretended, the elements gravitate not in 
their proper place; yet this objection cannot 
be pretended to take place in our Jaft experi- 
ment, where the main thing, that leaned upon 
the water, which furrounded the egg, being 
not a pillar of homogeneous water, but a great 
and folid weight of lead, the included egg 
muft, by the intervention of the water, have 
been compreffed. Nor were eggs the only bo- 
dies we endeavoured to crufh after this man- 
ner, the trial having been alfo made upon a 
fubftance more foft, and of a very irregular 
fhape. 

To apply this now to divers, when they are 
at a moderate depth under water ; it feems not 
improbable, that the ftructure of their bodies 
fhould be robuft enough, not to be violated 
by the preffure of the incumbent, and otherwife 
ambient water. For we have feen by the for- 
mer experiment, and efpecially by the laft re- 
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cited, that a body, eafy to be broken inwards 
by an incumbent folid weight, will remain en- 
tire, and unaltered in point of figure, under a 
very much greater weight, that compreffes it 
after the manner of an ambient fluid. And 
though it would feem to many, that even in 
our fuppofition, the thorax being, as they think 
it, a kind of empty fpace in the body, the ribs 
and mufcles ought, by the weight of the wa- 
ter, to be crufhed into the great cavity inter- 
cepted between them; yet it is to be confi- 
dered on the other fide, that the air contained 
in the cheft, efpecially when its fpring is in- 
creafed by thofe accidental caufes, that may 
take place, when men are deep under water, 
particularly the preternatural heat, which the 
want of the ufual refpiration is apt to produce, 
will very much help the cheft to refift the 
preffure, as they will eafily grant, that have 
tried the refiftance, that air makes, to be con- 
fiderably compreffed under water, the diffi- 
culty of farther compreffing it ftill encreafing, 
as in fprings it ought to do, the more it ts com- 
prefled. And I further obferve, that the ftruc- 
ture of the thorax is much more firm, than 
men are wont to fuppofe; as appears by the 
very great folid weights, that fome men do, 
for gain, or to fhew their ftrength, fuffer to 
be laid on their breafts, without receiving any 
mifchief thereby. And if I fhould admit, that 
at great depths the water had fome little com- 
preffive operation upon the cheft; yet that 
can be no other than the preffing the parts a 
little inwards, and that the ftructure of the 
thorax itfelf, fitted by nature for conftriction 
and dilatation (as may appear in vehement 
takings in and blowings out of the air) may 
admit with fmall inconvenience. To which 
purpofe I recall to mind, what I lately men- 
tioned concerning the phyfician, that found 
his thorax fomewhat compreffed when he let 
furely dived ; as alfo what I have * elfewhere 
delivered concerning a tad-pole, which {wim- 
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ming in water, that was ftrongly compreffed 
by an external force, feemed thorough the glafs, 
that contained the water, to be fomewhat lef- 
fened in bulk, aid yet not killed, nor fenfibly 
crufhed, notwithftanding its great tendernefs. 
And if there were parts of a human body, that 
were of a texture too weak, and too difpro- 
portionate to the reft, I think it poffible, that 
this compreffion inwards might be great enough 
to be very fenfible to the divers. For having 
purpofely enquired of a certain man, whofe 
trade it was to fetch up goods out of ships 
caft away, by the. help.of a diving inftrument, 
he told me, that when he was at a confidera- 
ble depth under water, as about ten or twelve 
fathoms, he found, fuitably to my conjecture, 
fo great a preffure againft the drums or thin 
membranes of his ears, which were not fuffi- 
ciently counterpreffed from within, as put him 
to a great deal of pain, till he had found fome 
contrivances to leffen the inconvenience, Nor 
was this man the only diver, that has com- 
plained of this troublefome preffure, which 
feems to argue, that, at leaft at great depths 
under water, thé irmnefs of the f{tructure of a 
man’s body does concur with .the uniformity 
of the fluid’s preffure, to keep him. from be- 
ing hurt by the incumbent, and otherwife am- 
bient air. 


But I fhall now fay no more of the pro- 
blem about divers, fince (befides that the mat-: 


ter of fact is not yet, in my opinion, accu- 
rately enough {tated and determined) the true 
folution of it is not neceffary to give a reafon, 
why the weight of the air, a fluid fo much 
hghter than water, fhould not opprefs nor 
crufh the bodies of animals; though what 
has been already faid, about the refiftance 
of bodies under water, may ferve very much 
to confirm the reafons I propofed, why 
we, that live in the atmofphere, are not fen- 
fibly comprefled, much le/s oppreffed by its 
weight, 
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ta bed, an amanuenfis of mine, ac- 

cuftomed to make obfervations, in- 
formed me, that one of the fervants of the 
houfe, going upon fome occafion into the lar- 
der, was frighted by fomething of luminous, 
that fhe faw (notwithftanding the-darknefs of 
the place,) where the meat had been hung up 
before. Whereupon, fufpending for a-while my 
going to reft, I prefently {ent for the meat into 
my chamber, and caufed it to be placed in a 
corner of the room capable of being made 
confiderably dark, and then I plainly faw, 
both with wonder and delight, that the joint 
of meat did, in divers places, fhine like rotten 
wood or ftinking fifh; which was fo uncom- 
mona fight, that I had prefently thoughts of 
inviting you to be a fharer in the pleafure of it. 
But the Jate hour of the night did not only 
make me fear to give you too unfeafonable a 
trouble, but being joined with a great cold, I 
had got that day by making trial of a new te- 
lefcope, you faw, in a windy place, 1 durft 
not fit up long enough to make all the trials, 
that I thought of, and judged the occafion wor- 
thy of. But yet, becaufe I effectually refolved 
to employ the little time I had to fpare, in 
making fuch obfervations and trials, as the ac- 
commodations I could procure at fo inconve- 
nient an hour would enable me, I fhall here 
give you a brief account of the chief circum- 
{tances and phenomena, that I had opportu- 
nity to take notice of. 

1. THEN I muft tell you, that the fubject, 
we difcourfe of, wasa neck of veal, which, 
as [learned by enquiry, had been bought of a 
country-butcher on the tuefday preceding. 

2. In this one piece of meat 1 reckoned 
diftinétly above twenty feveral places, that did 
all of thern fhine, though not all of them a- 
like, fome them of doing it but very faintly. 

3. THE bignefs of thefe lucid parts was dif- 
fering enough, fome of them being as big as 


Y ete a when I was about to go 


the nail of a man’s middle finger, fome few 
bigger, and moft of them lefs. Nor were: 
their figures at all more uniform, fome being 
inclined to a round, others almoft oval, but 
the greateft part of them, very irregalarly 
fhaped. : 

4. Tue parts, that fhone moft, which it 
was not fo eafy to determine in the dark, were 
fome grifsly or foft parts of the bones, where 
the butcher’s cleaver had paffed; but thefe 
were not the only parts, that were luminous; 
for by drawing to and fro the medulla fpinalis, 
we found, that a part of that alfo did not fhine 
ll: and I perceived one place in a tendon to 
afford fome light; and laftly, three or four 
fpots in the flefhy parts, at a good diftance 
from the bones, were plainly difcovered by 
their own light, though that were fainter than 
in the parts above mentioned. 

5. WHeEw all thefe lucid parts were fur- 
veyed together, they made a very fplendid 
fhew ; but it was not fo eafy, becaufe of the 
moiftnefs and groffnefs of the lump of mat- 
ter, to examine the degree of their luminouf- 
nefs, as it is to eftimate that of gloworms, 
which being fmall and dry bodies, may be con- 
veniently laid in a book, and made to move 
from one letter or word to another. But by 
good fortune having by me the curious tranf- 
actions of this month, I was able fo to apply 
that flexible paper to fome of the more re- 
{plendent fpots, that I could plainly read di- 
vers confecutive letters of the title. 

6. THe colour, that accompanied the light, 
was not inall the fame, but in thofe, which 
fhone livelieft, it feemed to have fuch a fine 
greenifh blue, as I have divers times obferved 
in the tails of gloworms. 

7. Bur notwithftanding the vividnefs of 
this light, I could not, by the touch, difcern 
the leaft degree of heat in the parts, whence ir 
proceeded ; and having put fome marks on 
one or two of the more fhining places, that I 

might 
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might know them again, when brotight to thé 
hight, I applied a fealed weather-glafs, fur- 
nifhed with tincted fpirit of wine, for a pretty 
while, and could not fatisty myfelf, thar the 
fhining parts did at all fenfibly warm the liquor: 
but the thermofcope, though good in its kind, 
being not fitted for fuch nice experiments, I 
did not build much upon that trial. 

8. NoTWITHSTANDING the great num- 
ber of lucid parts in this neck of veal, yet nei- 
ther I, nor any of thote, that were about me, 
could perceive, by the fell, the leaft degree of 
ftmk, whence to infer any putrefaction ; the 
meat being judged very frefh, and well-con- 
ditioned, and fit to be dreffed. 

g. THe floor of the larder, where this meat 
was kept, is almoft a ftory lower than the 
level] of the ftreet, and it is divided from the 
kitchen but by a partition of boards, and is fur- 
hifhed but with one window, which is not 
great, and looks towards the ftreet,- which lies 
northward from it. 

10. THe wind, as far as we could obferve 
it, was then at fouth-weft, and bluftering e- 
nough. The air, by the fealed thermofcope, 
appeared hot for the feafon. ‘The moon was 
paffed its laft quarter. The mercury in the 
barometer ftood at 2gxé inches. 

11. WE cut off, witha knife one of the lu- 
minous parts, which proved to be a tender 
bone, and being of about the thicknefs of a half 
crown piece, appeared to fhine on both fides, 
though not equally ; and that part of the bone, 
whence this had been cut off, continued joined 
to the reft of the neck of veal, and was feen 
to fhine, but nothing near fo Vividly as the part 
we had taken off, did before. 

12. To try, whether I.could obtain any 
juice, or moift fubftance from this, as I have 
feveral times done from the tails of glow- 
worms ; I rubbed fome of the fofter and more 
lucid parts, (which I caufed to be purpofely 
cut off ) as dexteroufly as I could, upon my 
hand, but I did not at all perceive any lumi- 
nous moifture was thereby imparted ; though 
the flefh feemed, by that operation, to have 
loft fome of its light. 

13. I caufed alfo a piece of fhining flefh to 
be compreffed betwixt two pieces of glafs, to 
try, how well the contexture of it would refift 
that external force ; but I did not find the hight 
to be thereby extinguifhed, during the fhort 
time I could allot to the experiment. 

14. But fuppofing, that high rectified fpi- 
rit of wine might fo alter the contexture of 
the body it permeated, as to deftroy its faculty 
of fhining, I put a luminous piece of veal in- 
to a chryftalline vial, and pouring on it a little 
pure fpirit of wine, that would have burned 
all away, after I had fhaken them together, I 
laid by the glafs, and in about a quarter of an 
Kour, or lefs, I found, that the light was va- 
nifhed. 

15. Bur water would not fo eafily quench 
our feeming fires ; for having put one of them 
into a China cup, and almoft filled it with cold 
water, the light did not only appear, perhaps 
undiminifhed, through that liquor, but, above 


an hour after was vigorous enough not to be 
Voc. Il. | 


eclipfed by being looked upon at no great dif 
tance from a burning candle, that was none of 
the {malleft; and probably the light would 
have been feen much longer, if we could have 
afforded to watch out its duration. 

16, Wuiust thefe things were doing, I 
caufed the pneumatical engine to be prepared 
in a room without fire, (that the experiment 
might be tried in a greater degree of dark- 
nefs ;) and having conveyed one of the largeft 
luminous pieces into a fmall receiver,. we 
caufed the candles to be put out, and the pump 
to be plied in the dark 3 but the diminution 
of light, after the pump feemed to have been 
employed for a competent while, appeared fo 
inconfiderable, (whether becaufe our eyes had 
leifure to be fitted to that dark place, or for 
what other caufe foever,) that I began to ful- 
pect, that the inftrument, having been ma- 
naged in the dark, had leaked all the while. 
Wherefore caufing the lights to be brought 
in, and a mercurial gage to be put into the re- 
ceiver, when we were fure, that this glafs was 
well cemented on to the engine, the candles 
being removed, the pump was fet a work a- 
gain; and then opening my eyes, which I had 
kept clofed againft the light of the candles, I 
could perceive, upon the gradual withdrawing 
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of the air, a difcernible and gradual leffening | 


of the light; which yet was never brought 
quite to difappear (as I long fince told you, 
the light of rotton wood and glowworms had 
done) or to be fo near vanifhing as one would 
have expected ; though, upon the bringing in 
of the candles again, it appeared by the gage, 
that the pump had been diligently applied. 
But the room being once again darkned ; by 
the hafty increafe of light, that had difclofed 
itfelf in the veal, upon this letting in of the 
air to the exhatited receiver, it appeared more 
manifeftly than before, that the decrement, 
though but flowly made, had been confide- 
rable. This trial we once more repeated with 
a not unlike fucceis; which, though it con- 
vinced us, that the luminous matter of our 
included body was more vigorous, or tena- 
cious, than that of moft other fhining bodies, 
yet it left us fome doubts, that the light would 
have been much more impaired, if not quite 
made to vanifh, if the fubject of it could have 
been kept long enough in our exhaufted re- 
ceiver: but the unfeafonable time of the night 
reducing me at length to go to bed, I could 
not ftay to profecute this, or any other trial. 

17, Onrty, whilft I was undreffing, this 
further obfervation occurred, that fuppofing 
there might be, in the fame larder, more joints 
of the fame veal than one, ennobled with this 
fhining faculty, it was found, that a lee of 
veal, which was caufed to be brought into my 
chamber, had fome fhining places in it; though 
they were but very few, and faint, in compa- 
rifon of thofe, that were confpicuous in the 
above mentioned neck, 

18. WHat further phenomena this morn- 
ing might have afforded me, I cannot tell, 
having been haftily called up, before day, for 
a neice, that I am very juftly, and exceedingly 
concerned for; who was thought to bé upon 
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the point of death, and whofe almoft gafping 
condition had too much affected and em- 
ployed me, to leave me any time for philofo- 
phical entertainments, that require a calm, if 
not a pleafed mind. Only this I took notice 
of, becaufe the obfervation could not coft me 
a minute of an hour, that whilft they were 
bringing me candles for to mfe by, 1 looked 
upon a clean vial, that I had laid upon the bed 
by me, after a piece of our luminous veal had 
been included in it, and found it to fhine vi- 
vidly at that time, which was between four 
and five of the clock this mornings; fince when 
I have made no one obfervation, or trial. 


POSTSCRIPT. 


19. uo two days after I had made the 

fore-mentioned obfervations, thofe 
horrid fymptoms of my neice’s dileafe, that 
had fo much alarmed the phyficians, and me, 
being, through God’s goodnefs, confiderably 
abated, I began to refume the thoughts of our 
fhining veal; and though having in the hur- 
ry I was in forgotten to take any order about 
it, I found it was already difpofed of ; yet the 
piece, I lately mentioned to have been in- 
cluded in a vial, being preferved in it, I looked 
upon it the third day (inclufively) after we had 
firft obferved the meat, it was cut off from, 
to be luminous; and I found it to fhine in the 
dark as vigoroufly as ever. The fourth day 
its light was alfo confpicuous ; fo that I was 
able, in a dark corner of the room, to fhew it, 
even in the day time, to three or four very in- 
genious phyficians, all of them, fave one, mem- 
bers of the Royal Society ; and I prefume, I 
need not remind you, that the following night, 
I invited you to be a fpectator of it, though 
before that time the light had begun to de- 
cay, and the offenfive {mell to grow fomewhat 
ftrong : which feems to argue, that the difpo- 
fition, upon whofe account our veal was lumi- 
nous, may very well confift both with its being, 
and not being, in a ftate of putrefaction, and 
confequently, is not likely to be derived meerly 
from the one, or the other, The fifth day, 
in the morning, looking upon it when [ a- 
waked, and before the curtains were opened, 
it feemed to fhine better, than it had done the 
day preceding. The fame night alfo, it was 
manifeft enough, though not vivid, in the 
dark. When I awaked, the fixth day in the 
morning, after the fun was rifen, I could, 
within the curtains, perceive a glimmering 
light. But the feventh day, which was yefter- 
day, I could not, late at night, difcern any 
light at all. 

You faw too much in what a condition I 
was, when you did me the favour to vifit me, 
to expect, that I fhould prefume to entertain 
you with any fpeculations about the caufe of 
thefe unufual apparitions of light. It is true 
indeed, that in fome notes, I formerly men- 
tioned to you, I endeavoured to make it pro- 
bable, that whether light depend upon a par- 
ticular kind of impulfe, propagated through a 
tranfparent medium, or upon a diffufion of ex- 
tremely little parts from the luminous body, 


or upon the action of fome other corporeal a- 
gent; whatever the efficient be, the effect is 
produced in a mechanical way. But though I 
had thefe papers by me, yet, to determine 
what peculiar kind of motions, or other ope- 
rations, nature really employed in the produc- 
tion of a light, which feemed not clearly, by 
what I fhall prefently note, referable either to 
the particular and fettled conftitution of the 
animals, whofe flefh fhined, (as in our glow- 
worms, and fome American flies,) or to that 
inteftine and unufual motion of the parts, that 
caufes, or accompanies putrefaction in rotten 
wood, or fifhes ; fince, upon the firft and live- 
lieft appearance of the light, there was not 
any, (at Jeaft, that could be taken notice of by 
the fenfes:} To determine this, I fay, it feem- 
ed to me fo difficult a tafk, that I thall wil- 
lingly leave the folution of fuch abftrufe phe- 
nomena, as fome of ours, unattempted ; efpe- 
cially fince I may, God permitting, make an 
hiftorical mention of them the day after to- 
morrow, at the meeting of the Royal So- 
ciety ; where, I doubt not, much more, and 
more to the purpofe, will be faid, and confi- 
dered, than I have vanity to think myéfelf ca- 
pable of offering. Only, for the prevention of 
fome needlefs conjectures, to which, without 
this previous advertifement, one might upon 
plaufible grounds indulge, I thall, in the mean 
while add, and conclude with one obfervation 
more, which may poffibly take off our thoughts 
from ftriving to deduce the fhining of our veal 
from the peculiar nourifhment, or conftitution, 
or properties, of that individual calf, whofe 
flefh, 8c. was luminous. For, having feve- 
ral nights fent purpofely into the larder, to 
obferve, whether any veal, fince brought 
thither, or any other meat, did afford any light, 
a negative anfwer was always brought me 
back; fave at one time, which happened to 
be within lefs than forty-eight hours of that, 
at which the luminoufnets of the veal had been 
firft taken notice of; for at this time there 
was, in the fame larder, a confpicuous light 
feen in a pullet, that hung up there, which 
having caufed to be brought up into a darkened 
place in my chamber, in the night-time, I 
perceived four or five luminous places ; which 
were not indeed near fo large as thofe of the 
veal, but were little lefs vived than they. Ail 
of thefe I took notice to be either upon, or 
near the rump; and that, which appeared moft 
like a {park of fire, fhone at the very tip of 
that part. Yet was not this fowl! mortified, 
nor at all ill fcented, but fo frefh, that the 
next day I found it very good meat. But 
whether this may reafonably lead to a fufpi- 
cion, that the peculiar conftitution of the air 
in that larder, and at that time, may as well 
deferve to be taken into confideration, as the 
peculiar nature of the animals, whofe flefh did 
fhine, is a queftion, that I, who have fcarce 
time to name it, muft not prefume to do, any 
more than name. And therefore, as foon as 
I have begged your pardon for this tedious, 
though hafty fcribble, U fhall, without cere- 
mony, fubfcribe myfelf, &c. 
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An Effect of the varying Weight of the ATMOSPHERE 
upon fome Bodies in the Water; fuggefting a Con- 
jecture, that the very Alterations of the Air, in point 
of Weight, may have confiderable Operations, even 
upon Men’s Sicknefs or Health. 


Firft publifhed in the PuttosopHicaLt Transactions, N°. XCI, 
p: 5156, for February 24, 162. 
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HOUGH many things have, by 
ingenious men, been already obferved, 
as to the power and operations of the 

atmofphere’s weight upon liquors, that are ex- 
agp to it in Torricellian tubes, or other vef- 
els, clofed at one end, and near the top, either 
empty or unfilled with any vifible body ; yet 
men feem not to have much enquired, what 
effects the very variation of this weight of the 
atmofphere may have on the liquors which it 
preffes, in other veffels than fuch as barofcopes 
and pumps, And yet when I remember, how 
much of air appears by our engine to be invi- 
fibly harboured in the pores, not only of water, 
but of the blood, ferum, urine, gall, and o- 
ther juices of the human body ; and that (as 
I have elfewhere experimentally fhewn) the 
preflure of the atmofphere, and the {pring of 
the air, work upon liquors, and on bodies im- 
merfed in thofe liquors, as well as upon folid 
ones, immediately expofed to the air, I am 
prone to fufpect, that the very alterations of 
the atmofphere, in point of weight, may, in 
fore cafes, have fome not contemptible ope- 
rations, even upon men’s ficknefs or health ; 
- as when the ambient air, for inftance, grows 
fuddenly very much lighter than it was before, 
or than it was wont to be, the {pirituous and 
aereal particles, that are plentifully harboured 
in the mafs of blood, will naturally {well that 
liquor, and fo may diftend the greater veffels, 
and not a little alter the celerity and manner 
of the circulation of the blood by the capillary 
arteries and veins. By which alteration, that 
divers changes may happen in the body, will 
not feem improbable to thofe, that know 
in general, how important a thing the manner 
of the circulation of the blood may be there, 
though, as to its particular effects, I leave them 
to the f{peculation of phyficians ; and fhall only 
add, that to keep this conjecture of mine (for 
I propofe it as no other) from feeming as 
groundlefs as extravagant, I will annex an ex- 


periment, that you will not perhaps diflike, juft 
as I find it regiftered among fome of my loofe 
papers. 

I caufed to be blown, at the fame of a lamp, 
three {mall round glafs bubbles, about the big- 
nefs of hazel-nuts, and furnifhed each of them 
with a fhort and flender ftem, by whofe means 
they were fo nicely poifed in water, that a 
very {mall change of weight would make them 
either emerge, if they but lightly leaned on 
the bottom of the veffel, or fink, if they float- 
ed on the top of the water. 

Tus being done at a time, when the at- 
mofphere was of a convenient weight, (and 
fuch a feafon is not ordinarily difficult to be 
chofen, within fome reafonable time, to him, 
that wants neither attention, nor a goad baro- 
fcope) I put them in a wide-mouthed glafs, fur- 
nifhed with common water, and leaving them 
in a quiet place, where yet they were frequently 
in my eye, and were fuffered to continue many 
weeks, or fome months, I obferved, as I ex- 
pected, that fometimes they would be at the 
top of the water, and remain there for divers 
days, or perhaps weeks ; and fometimes would 
fall to the bottom, and afrer having continued 
there for fome time, longer or fhorter, they 
would again emerge. And though fometimes, 
efpecially if I removed the veffel, that con- 
tained them, to a fouthern window, they would 
rife to the top, or fall to the bottom of the 
water, according as the air was hot or cold; 
yet it was not difficult to diftinguifh thefe mo- 
tions from thofe produced by the varying gra- 
vity of the atmofphere. For when the beams 
of the fun, or heat of the ambient air, by ra~ 
rifying the air included in the bubbles, made 
that air drive out fome of the water, and con- 
fequently made the whole bubble, confifting 
of glafs, air, and water, fomewhat lighter than 
a bulk of water equal to it, though the bub- 
ble did neceffarily {wim as long as the inclu- 
ded air was thus rarified, yet when the var 
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of the fun, or any other caufe, made the air 
lofe its adventitious warmth, there would en- 
fue a condenfation of the air again, and there- 
upon an intrufion of more water (to fucceed 
the air) into the glafs, and confequently a fink- 
ing of the bubble ; and this would commonly 


~ happen at night, if it did not happen fooner. 


But when it was upon the account of the va- 
rying weight of the atmofphere, that the bub- 
bles either rofe or fell, it appeared by the ba- 
rofcope, that the atmofphere was fo heavy, or 
fo light, that they ought to do fo. Infomuch, 
that I divers times predicted, whether I fhould 
find the mercury in the barofcope high or low, 
by obferving the fituation and pofture of the 
bubbles ; and confulting that inftrument, it 
verified my conjectures. And though, whilft 
the atmofphere was not too confiderably either 
light or heavy, the changes of the air, as to 
heat or cold, would, as I was faying, place the 
bubbles fometimes at the top, and fometimes 
at the bottom of the water, within the com- 
pafs of a day; yet if the atmofphere were 
either very heavy, or very light, the bubbles 
would continue at the bottom, or at the top 
of the water for many days together, in cafe 
the atmofphere did not in all that time change 
its gravity. And I remember, that I did, for 
curlofity’s fake, when the quickfilver was high 
in the barofcope, put the glafs two or three 
days in a fouth window about noon, and for a 
good while after, and thar in fun-fhining wea- 
ther ; and yet even then the bubbles did not 
emerge, though it appeared by a good {fealed, 
weather-glafs, which 1 kept in the fame win- 
dow, that the ambient air was much warmer 
than at other times, when I had obferved the 
bubbles to keep at the top of the. water. 

N. B. 1. It being very difficult to poife fe- 
veral bubbles precifely, as well one as another, 
I thought it not ftrange, that all the three bub- 
bles did not conftantly (though for the moft 
part they did) rife and fall together ; but 
iometimes two of them, and now and then, 


though feldom,one alone would fink oremerge, 
when the change of the weight of the atmo- 
{phere was not confiderable enough to ope- 
rate fenfibly upon the reft, and of fuch in- 
ftances; I have had opportunity to obferve one 
or two within thefe laft three days; and there- 
fore it is not amifs, to poife a greater num- 
ber of bubbles together, that after trial made 
of all, the fitteft may be chofen. Which ad- 
vertifement willappear the more proper, becaufe 
of what is to be added in the following note. 

2. I have obferved it fometimes to happen, 
that a bubble, that floated when it was firit 
poifed, would, after a while, fubfide, without 
any maniteft caufe ; or if it were made to fink 
by fuch a caufe, it would continue at the bot- 
tom of the water, though that caufe were re- 
moved: which difficult phenomenon feeming 
to depend upon a kind of imbibition made of 
certain particles of an aereal nature, by the wa- 
ter, the confideration of it belongs to another 
place, not to this; where it may fuffice, that 
the experiment did fometimes actually anfwer. 
expectation, as that above-related did ; where- 
in my main drift is to fhew, that fince, as 
the atmofphere was heavier or lighter, it is 
capable to work upon bodies under water, fo as 
to procure their finking, or their emerficn ; 
the air, though a fluid a thoufand times lighter, 
muft lean or prefs upon the water itfelf, by 
whofe intervention it produces thefe effects ; 
which confirms what I elfewhere teach, that 
the atmofphere is incumbent, as a heavy body, 
upon the terraqueous globe. 

3. Besipes the other circumftances, upon 
whofe account this experiment may fail of fuc- 
cefs, the fealon of the year, wherein it is tricd, 
may, for aught I know, be confiderable. For 
which reafon I fhall here add this advertite- 
ment, that I chufe, but do not confine my- 
{clf, to make my trials about the beginning of 
the {pring, as a time, wherein notable alcera- 
tions of the air, as well as to weight, as to c- 
ther things, are the likelieft to be frequent, 
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To which are annexed 
New EXPERIMENTS to make FIRE 
- and FLAME Ponderable:- 
| TOGETHER WITS | 


A Difcovery of the Perviousness of GLASS, 


An ADVERTISEMENT to the READER. 


rT is hoped, the reader will not think it 
| ftrange, hor to meet with, in the following 
papers, a more clofe and uniform contexture 

of the paffages, that make them up, if he be 
feafonably informed of the rife and occafion 
of penning them, which was this. The au- 
thor having many years ago written ‘an eflay 
about an experiment he made of nitre, by 
whofe phenomena he endeavoured to exem- 
plify fome parts of the corpufcular philofophy, 
efpecially the production of qualities ; he after- 
wards threw together divers: occuring thoughts 
and experiments, which he fuppofed might be 
employed by way of notes, to prove or illuf- 
trate thofe doctrines, and efpecially thofe, that 
concerned the qualities of ‘bodies; and among 


thefe obferving thofe, that arecalled occult, to 


be fibjects uncultivated enough, (at leaft, in 
the way, that feemed to him proper,) he pro- 
pofed to handle them more largely than mioft 
of the reft ; and in order to that defign ‘he 
jodged it almoft neceffary to premife fome 
confiderations ‘and ‘experimental collections a- 
bout the nature and power of effluviuims, about 
the pores of bodies and figures of corpufcles, 


and about the efficacy of fuch local motions, as 
are wont either to be judged very faint, or to 
be paffed by unheeded. For he had often 
Jooked upon thefe three doctrities, 6f effluvia, of 
pores and figures, and of unheeded motions, 
as the three principal keys to the philofopliy of 
occult qualities. But having hereupon made 
fuch collections, as upori réview appeared too 
Jarge to pafs for notes on fo fort a text, he 
was induced to draw themi* into the form 
(they now appear in) of effays; but he would 
not put himfelf to the trouble of doing it 
With care to keep them from retaining much 
of their firft want of exact method’ and con- 
nection. Nor was the author folicitous to finifh 
therh up, in regard that his other ftudies and 
Occafions made him perceive, that in what he 
had defigned about occult qualities, he had, cut 
himfelfout more work,.than probably he fhould, 
during many years, have opportunity to fet up- 
on in earneft, and complete. And in ‘this 
condition thefe papers lay for divers years, (as 
is well known to feveral, that faw them, of 
even trdnfcribed fome of them,) and might 
have contintied to.do fo, if the author had not 


* And fome that were publifhed anno 1669, under The title of the Atmofpheres of Confiftent Bodies. 
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been induced to let them come abroad, partly 
by confidering, that though the fubjects, 
(however he handled them) were as well im- 
portant as curious, yet he did not find himfelf 
prevented by others in what he had-to pub- 
lith about them ; and partly ‘by the references 
he had made to them in fome other papers, 
that he had promifed his friends, wherein feve- 
ral things here delivered are vouched, and o- 
thers fuppofed. And becaufe the notes con- 
cerning the porofity of greater bodies, and the 
figurations of minute particles, together with 
the paper about unregarded motions, having 
been long laid afide among other neglected pa- 
pers, were fome of them miffing, and others 
{o mifufed, that they could not eafily be made 
ready to accompany thofe, that now come 
abroad ; the author, that he might keep this 
book from having its dimenfions too difpro- 
portionate, was content to add to the thicknefs 
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of it, by fubjoining one of thofe little tracts, 
that lay by him, concerning flame, becaufe of 
the affinity betwixt the preceding dottrine a- 
bout effuviums in general, and experiments, 
that fhew, in particular, the fubtilty and eff- 
cacy of thofe of fireand fame. And though 
to that tract itfelf there belong another, de- 
fisned to examine, whether the matter of 
what we call the fun-beams, may be brought 
to be ponderable ; yet fuppofing this hitherto 
cold and wet fummer to be like to be as un- 
friendly to the trials to be made with burning - 
claffes, as of late years fome other fummers 
have proved, he was eafily prevailed with, not 
to make thofe experiments, that were ready, 
wait any longer for thofe, that probably will 
not in a fhort time be fo; efpecially fince 
thofe, that now come abroad, have no depen- 
dency upon the others. 
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W: ETHER we fuppofe, with the 
| antient and modern atomifts, that 
¥ all fenfible bodies are made up of 
corpuicles, not only infenfible, but indivifible ; 
or whether we think with the Cartefians, and 
(as many of that party teach us) with 4rifoile, 
that matter, like quantity, is indefinitely, if 
not infinitely divifible ; it will be confonant 
enough to either doctrine, that the efluvia of 
bodies may confift of particles extremely {mall. 
For if we embrace the opinion of /riftotle, 
or Des-Caries, there is no ftop to be put to 
the fubdivifion of matter into fragments full 
leffer and leffer. And though the Epicurean 
hypothefis admit not of fuch an interminate 
divifion of matter, but will have it ftop at cer- 
tain folid corpufcles, which, for their not be- 
ing further divifible, are called atoms, drones; 
yet the affertors of thefe do juftly think them- 
felves injured, when they are charged with 
taking the motes, or {mall duft, that fly up 
and down in the fun-beams, for their atoms ; 
fince, according to thefe philofophers, one of 
thofe little grains of duft, that is vifible only, 
when it plays in the fun-beams, may be com- 
pofed of a multitude of atoms, and exceed 
many thoufands of them in bulk. This the 
learned Gajfendus in his notes on Diogenes La- 
értius makes probable by the inftance of a 
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{mall mite, which, though fcarce diftin@ly dif- 
cernible by the naked eye, unlefs when it is 
in motion, does yet, in a good microfcope, 
appear to be a Compleat animal, furnifhed with 
all neceffary parts; which I can eafily allow, 
having often in cheefe-mites very diftinély 
feen the hair growing upon their legs, And 
to the former inftance, I might add, what I 
have elfewhere told you of a fort of animals 
far leffer than cheefe-mites themfelves, namely 
thofe, that may be oftentimes feen in vinegar. 
But what has been already faid, may fuffice 
for my prefent purpofe, which is only to fhew, 
that the wonderful minutenefs I fhall hereafter 
afcribe to effluvia, is not inconfiftent with the 
moft received theories of naturalifts. For 
otherwife, in this effay, the proofs I mean to 
employ, muft be taken, not @ priori, but 2 
pofteriori. And the experiments and obfer- 
yations, I fhal] employ onthis occafion, will 
be chiefly thofe, that are referrible to one of 
the following heads. 

1. Tue ftrange extenfibility of fome bodies, 
whilft their parts yet remain tangible. 

2. [THe multitude of vifible corpufcles, that 
may be afforded by a fmall portion of matter. 

3. Tue {mallnefsof the pores, at which the 
effluvia of fome bodies will get in. 

4- Tue {mall decrement of bulk, or weight, 
that a body may fuffer by parting with great 
{tore of effluvia. 

5, [met 
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5. THe great quantity of fpace, that may 
be filled, as to fenfe, by a fmall quantity of 
niatter, when rarified or difperfed. 

But though to thefe diftinét heads I fhall 
dcGgn diftin¢ét chapters, yet you muft not ex- 
pect to find the inftances folicitoufly mar- 
fhalled, but fet down in the order they occur- 
ed to me; fucha liberty being allowable in 
a paper, where I pretend not to write treatifes, 
but * notes, 
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a many things, that are grofs e- 
nough to be the objects of our touch, 
and to be managed with our hands, there are 
fome, that may help us to conceive a wonderful 
minutenefs in the {mall parts they confit of. 

I do not remember what Cardan, and fince 
him, another writer, have delivered about the 
thinnefs and flendernefs, towhich gold may be 
brought. And therefore, without pofitively 
affenting to, or abfolutely rejefting what may 
have been faid about it by others, I fhall only 
borrow, on this occafion, what I have men- 
tioned on f another, upon my own obferva- 
tion; namely, that filver, whofe ductility and 
tractiliry are very much inferior to thofe of 
gold, was, by my procuring, drawn out to fo 
flender a wire, that, when we meafured it, 
which was fomewhat troublefome to do, with 
a long and accurate meafure, we found, that 
eight yards of it did not yet fully counterpoife 
one grain: fo that we might add a grain more 
without making the fcale, wherein it was put, 
manifeftly preponderate, notwithftanding the 
tendernefs of the balance. Whence we con- 
cluded, that a fingle grain of this wire a- 
’ mounted to twenty-feven foot, that is, three 
hundred and twenty-four inches. And fince 
experience informs us, that half an Englith inch 
can, by diagonal lines, be divided into one 
hundred parts, great enough to be eafily diftin- 
guifhed, even for mechanical ufes, it follows, 
that a grain of this wire-drawn filver, may be 
divided into fixty-four thoufand eight hundred 
parts, and yet each of thefe will be a true me- 
talline, though but flender and fhort, cylinder, 
which we may very well conceive to confift 
yet of a multitude of minuter parts. For 
though I could procure no gilt wire near fo 
{lender as our newly-mentioned filver-wire ; 
yet I tried, that fome, which I hadby me, was 
{mall enough to make one grain of it fourteen 
foot long: at which rate, an ounce did amount 
to a full mile, confifting of one thoufand geo- 
metrical paces, of five foot a-piece, and feven 
hundred and twenty foot over and above. And 
if now it be permitted to fuppofe the wire 
to have been, as in probability ic might have 
been, further drawn out to the fame flender- 
nefs with the above-mentioned filver wire, the 
inftance will full be far more confiderable; for 
in this cafe, each of thofe little cylinders, of 
which fixty-four thoufand eight hundred go to 
the making of one grain, will have a fuper- 
ficial area, which, except at the bafis, will be 
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covered with a cafe of gold; which is not 
only feparable from it by a mental operation, 
but perhaps alio by a chemical one. For I 
remember, that from very flender gilt wire, 
though I could get none fo flender as this of 
meer filver, I did more than once, for curio- 
fity’s fake, fo get out the filver, that the gol- 
den films, whilft they were in a liquor that 
plumped them up, feemed to be folid wires 
of gold; but when the liquor was withdrawn, 
they appeared, as indeed they were, to be ob- 
long, and extremely thin and double mem- 
branes of that metal, which, with an inftru- 
ment, that had been delicate enough, might 
have been ripped open, and difplayed, and 
been made capable of further divifions and 
fub-divifions. To this I fhall add, that each 
of the little filver cylinders I lately fpake of, 
muft not only have its little area, but its fo- 
lidity ; and yet I faw no reafon to doubt, but 
that it might be very poffible, if the artificer 
had been fo fkilful and willing, as I witfhed, 
to have drawn the fame quantity of metal to 
a much greater length, fince even an animal 
fubftance is capable of being brought to a flen- 
dernefs much furpaffing that of our wire, fup- 
pofing the truth of an obfervation of very cre- 
dible perfons, critical enough in making ex- 
periments, which, for a confirmation, and an 
improvement of our prefent argument, I thall 
now fubjoin. An ingenious gentlewoman of 
my acquaintance, wife to a learned phyfician, 
taking much pleafure to keep filk-worms, had 
once the curiofity to draw out one of the oval 
cafes, (which the filk-worms fpins, not, as it 
is commonly thought, out of its belly, but 
out of the mouth, whence I have taken plea~ 
fure to draw it out with mry fingers,) into all 
the filken wire it was made up of, which, to 
the great wonder, as well of her hufband, as 
herfelf, who both informed me of it, appeared 
to be, by meafure, a great deal above three 
hundred yards, and yet weighed but two 
grains and a half: fo that each cylindricaliy 
fhaped grain of filk may well be reckoned to 
be at leaft one hundred and twenty yards 
long, 

ANOTHER way, Il remember, I alfo em- 
ployed to help men, by the extenfibility of 
gold, the better to conceive the minutenefs of 
the parts of folid bodies. 

We took fix beaten leaves of gold, which 
we meafured one by one with a ruler purpofely 
made for nice experiments, and found them to 
have a greater equality in dimenfions, and to 
be nearer true {quares, than could be well ex- 
pected : the fide of the fquare was in each of 
them exactly enough three inches and # or 3, 
which number being reduced to a decimal frac- 
tion, viz. 3'¢3, and multiplied by itfelf, affords 
8508 
each fquare leaf: and this multiplied by 6, the 
number of the leaves amounts to °1'8385 {quare 
inches, for the area of the fix leaves. Thefe, 
being carefully weighed in a pair of tender 
{cales, amounted all of thém to one grain and 
a quarter: and fo one grain of this foliated 


gold 


“ This Effay was defigned to be but a part of the author’s notes upon his Effay about Sait-petre. 
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for the area, or fuperficial content of 
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‘gold was extended to fomewhat above fifty 


inches; which differed but about a fifth part 
from an experiment of the like nature, that I 
remember I made many years ago in a pair of 


exact fcales; and fo {mall a difference may 


very well be imputed to that of the pains and 
diligence of the gold-beaters, who do not al- 
ways work with equal ftrength and fkill, nor 
upon equally fine and dudtile gold. 

Now if we recal to mind what I was lately 
faying, of the actual divifibility of an inch 
into an hundred fenfible parts, and fuppofe 
an inch fo divided, to be applied to each fide 
of a fquare inch of the leaf-gold newly men- 
tioned, it is manifeft, that by fubtle parallel 
lines, drawn between all the oppofite points, 
a grain of gold muft be divifible into five 
hundred thoufand little fquares, very minute 
indeed, but yet difcernible by a fufficient fharp- 
fighted eye. And if we fuppofe an inch to be 
divided into two hundred parts, as I lately 
told you it was in a ruler I employ, then, ac- 
cording to the newly-recited way, the number 
of the fquares, into which a fingle grain is ca- 
pable of being divided, will amount to no lefs 
than two millions. 

THERE is yet another way, that I took to 
fhew, that the extenfibility, and confequently 
the divifiblenefs of gold, is probably far more 
wonderful, than by the lately mentioned trial 
it appears. | 

For this purpofe, I went to a great refiner, 
whom I ufed to deal with for purified gold 
and filver, and enquired of him, how many 
grains of leaf-gold he was wont to allow to an 
ounce of filver, when it was to be drawn into 
gilt wire as flender as an hair. To this he 
anfwered me, that eight grains was the pro- 
portion he allowed to an ounce, when the 
Wire was to be well gilt; but if it were to be 
‘more flightly gilt, fix grains ‘would ferve the 
turn, And to the fame purpofe I was an- 
{wered by a fkilful wire-drawer. And I re- 
member, that defiring the refiner to fhew me 
an ingot of filver, as he did at firft gild it; 
he fhewed me a good fair cylindrical bar, 
whereon the leaf-gold, that overlaid the fur- 
face, did not appear to be, by odds, fo thick 
as fine Venetian paper; and yet comparing 
this with gilt wire, which I alfo defired to fee, 
the wire appeared to be the better gilt of 
the two; poffibly, becaufe the gold, in paffing 
through the various holes, was by the fides of 
them not only extended, but polifhed, which 
made it look more vividly than the unpolifhed 
leaves, that gilded the ingot. 

_ So that, if we fuppofe an ounce of the gilt 
wire formerly-mentioned, to have been gilt 
with fix grains of leaf-gold, it will appear, 
by an eafy calculation, that at this rate one 
ounce of gold, employed on gilding wire of 
that flendernefs, would reach between ninety 
and an hundred miles. But if now we fur- 
ther fuppofe, as we lately did, that the flender 
filver wire, mentioned at the beginning of this 
chapter, were gilt; though we fhould allow 
it to..have (becaufe of its exceeding flender- 
nefs,) not, as the former, fix grains, but eight 
grains of leaf-gold to an ounce of filver, it 


muft be acknowledged, that an hollow cy- 
linder, or fheath of gold, weighing but eighe 
grains, may be fo ftretched, that it will reach 
to no lefs than fixty times as much in weight 
of filver wire, as it covers: [1 faid fixty times, 
for fo often is eight contained in four hundred 
and eighty, the number of grains in an 
ounce; ] and confequently, a grain of that 
wire having been found to be twenty-feven 
foot long, the ounce of gold would reach to 
feven hundred feventy-feven thoufand fix hun- 
dred foot, that is, an hundred fifty-five miles 
and above a half. And if we yet further 
fuppofe this fuperficial, or hollow cylinder of 
gold, to be flit all along, and cut into as flen- 
der lifts or thongs as may be, we mutt not de- 
ny, that gold may be made to reach to a ftu- 
pendious length. But we need not this laft 
{uppofition, to make what preceded it an 
amazing thing: which yet, though it be in- 
deed ftupendous, and feem incredible, ought 
not at all to be judged impoffible ; being no 
more than what, upon the fuppofitions and 
obfervations above laid down, does evidently 
follow. 
CHAP. Mf. 
F TER what has been faid of the mi- 
nutenefs of tangible objects, it will be 
proper to fubjoin fome inftances of the {mall- 
nefs of fuch as yet continue vifible. But, in 
regard thefe corpufcles are fingly too little to 
have any common meafure applied to any of 
them, we muft make an eftimate of their mi- 
nutenefs, by the number of thofe, into which 
a {mall portion or fragment of matter may be 
actually divided, the multitude of -thefe being 
afforded by fo inconfiderable a quantity of mat- 
ter, fufficiently declaring, that each of them, 
in particular, muft be marveloufly little. 

Amonc the inftances, where the {mallnefs 
of bedies may be deduced from what is im- 
mediately the object of fight, it may not be 
unfit to take notice of the evaporation of 
water, which though it be granted to confift 
of grofs particles, in comparifon of the {piri- 
tuous and odoriferous ones of divers other li- 
quors, as of pure fpirit of wine, effential oils 
of fpices, 8c. yet to fhew, that a {mall quan- 
tity of it may be difperfed into a multitude of 
manifeftly vifible corpufcles, I thought upon, 
and more than once tried, the rarefaction of 
it into vaporus by help of an eeolipile, wherein, 
when I made the experiment the laft time, T 
took the pains to regifter the event as fol- 
lows, 

WE put an ounce of common water into 
an zolipile, and having put it upon a chafing- 
difh of coals, we obferved the time, when 
the ftreams of vapours began to be manifeft. 
This ftream was, for a good while, impetu- 
ous enough, as appeared by the noife it made, 
which would be much increafed, if we ap- 
plied to it, at a convenient diftance, a kindled 
brand, in which it would blow up the fire very 
vehemently.. The ftream continued about a 
quarter of an hour, fixteen minutes or better, 
but afterwards the wind had paufes and gui 

or 
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for two or three minutes before it quite ceafed. 
And by reafon of the fhape of the eolipile, 
(which being framed chiefly for other pur- 
pofes, was not fo convenient for this ) a great 
portion of the vapours condenfed in the up- 
per part of it, and fell down in drops; fo 
that fuppofing, that they alfo had come out 
in the form of wind, and the blaft had not 
been intermitted toward the latter end, I 
gueffed it might have continued uninterrup- 
tedly eighteen or twenty minutes. Note, that 
applying a meafure to the {moke, that came 
out very vifible in a form almoft conical, 
where it feemed to have an inch or more in 
diameter, it was diftant from the hole of the 
zolipile about twenty inches; and five or fix 
inches beyond that, though it were fpread fo 
much, as to have four or five inches in dia- 
meter, yet the not uniform, but ftill-cohering 
clouds, which was the form, wherein the va- 
pours appeared, were manifeft and confpi- 
cuous. 

Arter the rarefaction of water, when it 
is turned into vapours, we may confider that 
of fewel, when it is turned into flame ; to which 
purpofe, I might here propofe feveral trials, as 
well of our own as others, about the prodi- 
gious expanfion of fome inflammable bodies 
upon their being actually turned into flame. 
But in this place to mention all thefe, would 
perhaps too much intrench upon another pa- 
per; and therefore I fhall here propofe to your 
confideration but one inftance, and that very 
eafy to be tried ; of which I find this account 
among my adver/aria. — 

Havine oftentimes burnt fpirit of wine, 
and alfo oil in glafs lamps, that for certain ufes 
were fo made, that the furface of the liquor 


was ftill circular, it was obvious to obferve, | 


how little the liquor would fubfide by the 
wafte, that was made of it, in about half a 
quarter of an hour. And yet if we confider, 
that the naked eye, after fome exercife, may, 
as I have often tried, difcern the motions of 
a pendulum, that fwings faft enough to divide 
a fingle minute of an hour into two hundred 
and forty parts, and confequently half a quar- 
ter of an hour into one thoufand eight hun- 
dred parts ; if we alfo confider, into how many 
parts of the time employed by a pendulum, 
the vibrations, flow enough to be difcernible 
by the eye, may be mentally lubdivided ; and 
if we further confider, that, without intermif- 
fion, the oil is preyed upon by an actual flame, 


and the particles of 1t do continually furnifh.a 


confiderable ftream of fhining matter, that 
with a ftrange celerity is always flying away ; 
we may very well conceive, that thofe parts 
of flame, into which the oil is turned, are ftu- 
pendoully minute, fince, though the wafting 
of the oil is in its progrefs too: flow to be per- 
ceived by. the eye, yet itis undoubted, that 
there is a continual dectement. of the depth of 
the oil, the phyfical furfaces whereof are con- 
tinually and fucceffively attenuated and turned 
into flame; and. the ftrange fubtilty of the 
corpuicles of flame would be much the ftrong- 
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lier argued, if we fhould fuppofe, that inftead 
of common oil the flame were nourifhed by 
a fewel fo much more compat and durable, 
as is that inflammable fubftance made of a me- 
talline body, of whofe laftingnefs I have elfe- 
where made particular mention *, after having 
taught the way of preparing it. 

Fiavine in a pair of tender fcales care- 
fully weighed out half a grain of good gun- 
powder, we laid it on a piece of tile, and 
whelmed over it a veffel of glafs (elfewhere 
defcribed, and often mentioned) with a brafs 
plate to cover the upper orifice of it. Then 
having fired the gunpowder, we obferved, that 
the {moke of it did opacate, and,as to fenfe, fo 
fill the whole cavity of the glafs, though its 
bafis were eight inches, its perpendicular height 
above twenty inches, and its figure far more 
capacious, than if it were conical ; and this 
{moke, not containing itfelf within the veffel, 
iffued out at two or three little intervals, that 
were purpofely left between the orifice of the 
veffel and the plate, that lay upon it. This 
cover we then removed, that we might ob- 
ferve how long the fmoke would continue: to 
afcend; which we found it would do for about 
half a quarter of an hour, and during near 
half that time, viz. the three firft minutes, the 
continually afcending fmoke feemed to be, at 
its going out, of the fame diameter with the 
orifice at which it iffued ; and it would afcend 
fometimes a foot, fometimes half a yard, fome- 
times two foot, or more, into the air, before it 
would difperfe and vanith into it. 

Now if we confider, that the cavity of this 
round orifice was two inches in diameter, how 
many myriads of vifible corpufcles may we 
eafily conceive thronged out at fo large an out- 
let, in the time above-mentioned, fince they 
were continually thrufting one another for- 
wards? and: into fo many vifible particles of 
{moke muft we admit, that the half grain of 
powder was fhattered, befide thofe multitudes, 
which, having been turned into actual flame, 
may probably be fuppofed to have fuffered a 
comminution, that made them become invi- 
fible. And though I hall not attempt fo hope- 
lefs a work, as to compute the number of thefe 
{mall particles ; yet tomakean eftimate,where- 
by it would appear to’ be exceeding great, I 
thought fit to confider, how great the propor- 
tion was between the fpaces, that to the eye 
appeared all full of fmoke, and the dimenfions 
of the powder, that was refolved into that 
{moke. Caufing. then the glafs to be filled 
with common water, we found it to contain 
above two and twenty pints of that liquor, and 
caufing one of thofe meafures to-be weighed, 
it was found, to weigh fo near a. pound (of fix- 
teen: ourices) that the computation of the whole 
water amountéd to at leaft one hundred and 
fixty thoufarid grains, and confequently three 
hundred and twenty thoufand half grains. To 
which if we add, that this gunpowder would 
readily fink to the bottom of water, as being 
(by reafon of the falt-petre and brimftone, that 
make up at leaft fix parts of feven of it) in 
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{pecie heavier than it, and in likelihood twice 
as heavy (for it is not eafy to determine it ex- 
actly) we may probably guefs the {pace to 
which the fmoke reached, to exceed five hun- 
dred thoufand times that, which contained the 
unfired powder ; and this, though the {moke, 
being confined in the veffel, was thereby kept 
from diffufing itfelf fo far, as by its ftream- 
ing out it feemed likely, that it would have 
done. 

To thefe inftances from inanimate bodies | 
fhall fubjoin one more taken from animals. 
Whereas then men have with reafon wondered, 
that fo {mall a body as a cheefe-mite, which by 
the naked eye is oftentimes not to be taken 
notice of, unlefs it move, (if even then it be 
fo) fhould, by the microfcope, appear to be an 
animal furnifhed with all neceffary parts ; 
whereas this, I fay, has given juft occafion to 
conclude, that the corpufcles, that make up 
the parts of fo fmall an animal, muft then- 
felves be extremely fmall; I think the argu- 
ment may be much improved by the follow- 
ing confideration. Thofe, that have had the 
curiofity to open from time to time eggs, that 
are fat upon by a hatching hen, cannot but 
have obferved, how {mall a proportion, in re. 
ference to the bulk of the whole egg, the chick 
bears; when that, which the excellent Harvey 
calls punétum faliens, difclofes the motion of 
the heart, and the colour of the blood ; and 
that even about the feventh or eighth day, 
the whole chick now vifibly formed bears no 
great proportion to the whole egg, which is 
to fupply it with aliment, not only for its 
nourifhment, but fpeedy growth for many 
days after. 

To apply this nowto the matter in hand ; 
having feveral times obferved, and fhewn to 
others, that cheefe-mites themfelves are gene- 
rated of eggs, if we conceive, that in thefe 
egos, as in ordinary ones, the animal at its 
firft formation bears but a {mall proportion to 
the bulk of the whole egg, the remaining part 
being to fuffice for the food and growth of the 
embryo probably for a pretty while ; fince, if 
an ingenious perfon, that I defired to watch 
them, did not mifinform me, they ufed to be 
about ten or twelve days in hatching; this 
whole egg itfelf will be allowed to be but lit- 
tle, in reference to the mite it came from, 
how extremely and unimaginibly minute may 
we fuppofe thofe parts to be, that make up 
the alimental liquors, and even the {pirits, that 
paffing through the nerves, or analogous parts, 
ferve to move the limbs and fenfories of but, 
as it were, the model of fuch an animal, as, 
when it refts, would not, perhaps, itfelf, to the 
naked eye be fo much as vifible; and in which 
we may prefume the nobler fort of ftabler 
parts to be of an amazing flendernefs, if we 
confider, that, though 1n other hairy animals, the 
optick, or fome other of the larger nerves do, 
I know not how many times, in thicknefs and 
circuit, furpafs a hair. of the fame animal; yet 
in a cheefe-mite, though none of the largeft 
of thofe creatures, we have divers times ma- 
nifeftly feen, as is before intimated, fingle hairs, 
that grow upon the legs, 
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ANOTHER way there is, that I employed 
to give men caufe to think, that the invifible 
efluvia of bodies, that wander through the air, 
may be ftrangely minute; and this was, by 
fhewing, how {mall a fragment of matter may 
be refolved into particles minute enough to af- 
fociate themfelves in fuch numbers with a fluid 
fo much more denfe than air, as water is, as 
to impart a determinate colour to the whole 
liquor. What I did with cochineal in profe- 
cution of this defign, my experiments about 
colours may inform you; but I fhall now re- 
late the fuccefs of an attempt made another 
way, for which perhaps fome of your friends, 
the chemrfts, will thank me ; though I was not 
folicitous to carry on the experiment very far 
with gold, not becaufe I judged that lefs divi- 
fible into a number of coloured particles, but 
becaufe I found, as I expected, that the pale- 
nefs of the native colour of the gold may 
make it in the end lefs confpicuous, though, if 
I had then had by me a menftruum, as I fome- 
times had, that would diffolve gold blood-red, 
perhaps the experiment with gold would have 
furpaffed that, which it is now time I fhould 
begin to relate, as foon as I have hinted to 
you by the way, that, for variety’s fake, Imade 
a trial with copper calcined per fe, that I 
might not be accufed of having omitted to 
employ a metal, whofe body chemifts fuppofe 
to be much opened by calcination. And though 
the event were notable, even in comparifon of 
that of the experiment made with cochineal, 
yet my conjectures inclined me much to pre- 
fer the way defcribed in the following ac- 
count. 

W = carefully weighed out in a pair of ten- 
der {cales one grain of copper not calcined, 
but barely filed ; and becaufe, as we made 
choice of this metal for its yielding in moft 
menftruums a blue, which is a deep and con- 
fpicuous colour, we alfo chofe to make a folu- 
tion, not in aqua fortis, or aqua regis, but the 
fpirit of fal armoniack (as that is an urinous 
{pirit,) having found by former trials, that 
this menftruum would give a far deeper folu- 
tion than either of the others. This lovely 
liquor, of which we ufed a good proportion, 
that all the copper might be thoroughly dif- 
folved, we put into a tall cylindrical glafs of 
about four inches in diameter, and by degrees 
poured to it of diftilled water, which is more 
proper in this cafe than common water, which’ 
has oftentimes an inconvenient faltifhnefs, till 
we had almoft filled the glafs, and faw the 
colour grow fomewhat pale, without being too 
dilute to be manifeft; and then we warily 
poured this liquour into a conical glafs, that it 
might be the more eafy to fill the veffel feveral 
times to the fame height. This conical glafs 
we filled to a certain mark four times confecu- 
tively, weighing it, and the liquor too, as of- 
ten in a pair of excellent fcales purpofely made 
for ftatical experiments, and which, though 
{trong enough to weigh fome pounds in each 
{cale, would, when not too much loaden, turn 
with about one grain. ‘Thefe feveral weights 
of the glafs, together with the contained li- 
quor, we added together, and then carefully 
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weighing the empty glafs again, we deducted 
four times its weight from the above-mentioned 
fum, and thereby found the weight of the li- 
quor alone, to be that, which reduced to grains, 
amounted to 28,534, fo that a grain of cop- 
per, which is not full half fo heavy in {pecie 
as fine gold, communicated a tincture to 28,534 
times its weight. 

Bur now, if you pleafe to take notice, that 
the {cope of my experiment was to fhew, into 
what a number of parts one grain of copper 
might be divided ; you will allow me to con- 
fider, as I did, that this multitude of parts 
mutt be eftimated by the proportion, not fo 
much in weight as in bulk, of the tinging me- 
tal to the tinged liquor; and confequently, fince 
that divers hydroftatical trials have informed 
me, that the weight of copper to the weight 
of water of the fame bulk is proximé as nine 
to one, a grain-weight of copper is in bignefs 
but the ninth part of as much water as weighs 
a gyain; and fo the formerly-mentioned num- 
ber of the grains of water muft be multiplied 
by nine, to give us the proportion between the 
tinging and tinged bodies, that is, that a fingle 
. grain of copper, gave a bluenefs to above 2 56,806 
parts of limpid water, each of them as big as 
it, Which, though it may feem ftupendous, 
and {carce credible ; yet I thought fit to pro- 
fecute the experiment fomewhat farther, by 
pouring, all the liquor out of the tall cylindrical 
glafs into another clean vefiel, whence filling 
the conical glafs twice, and emptying it as of- 
ten into the fame cylindrical glafs, the third 
time I filled the conical glafs with colourlefs 
diftilled water, and pouring that alfo into the 
cylindrical glafs, we found the mixed liquor 
to have yet a manifeft, though but a pale 
bluenefs. And laftly, throwing away what 
was in the cylindrical glafs, we poured into it, 
out of the fame conical glafs, equal parts of 
diftilled colourlefs water, and of the tinéted 
liquor we had formerly fet a-part in the clean 
veffel ; and found, that though the colour were 
very faint and dilute, yet an attentive eye 
could eafily difcern it to be blueifh; and fo 
it was judged by an intelhgent ftranger, that 
was brought in to look upon it, and was de- 
fired to difcover of what colour he thought it 
to be. Whereby it appears, that one grain 
of copper was able to impart a colour to above 
double the quantity of water above-men- 
tioned. . 

Tu1s experiment I have allowed myfelf to 
be the longer and more particular in relating, 
both becaufe I know not, that any fuch has 
been hitherto either made or attempted, and 
becaufe it will probably gratify your chemitts, 
that love to have the tinctures of metals be- 
lieved very diffufive ; and becaufe, if circum- 
{tances were not added, it would feem to you 
as well incredible, as perhaps it does feem 
ftupendous, that a portion of matter fhould 
be able to impart a confpicuous colour to above 
266,806 times its bulk of water, and a mani- 
feft tincture to above 385,200, (for fo it did, 
when the proportion of the tinged part to the 
whole mixture, made of it, and the untinged 
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part, was as 2 to 31,) and a faint, but yet 
difcernible and diftinguifhable colour, to above 
five hundred and thirteen thoufand fix hundred 
and twenty times its bulk of water. 
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[¢ were eafy for me (Pyropb.) to give you 
feveral inftances, to fhew, that the effuvia 
of liquors may get in at the pores of bodies, 
that are reputed of a clofe texture; but I fhall 
at prefent forbear to mention fuch examples, 
not only becaufe they belong to another place *, 
where I take notice of them, but becuse many 
fuch would not feem fo remarkable, nor be fo 
confiderable to our prefent purpofe, as a few 
taken from bodies, that are not fluid. 

And firft, it is delivered by writers of good 
credit, that feveral perfons, (for the experi- 
ment does not hold in all) by barely holding 
for fome time dried cantharides in their hands, 
have been put to much pain at the neck of the 
bladder, and have had fome other parts mi- 
niftering to the fecretion of urine fenfibly in- 
jured. That this is true, I am induced to be- 
lieve, by what I have elfewhere related to you 
of the unwelcome experiment I had of the 
effect of cantharides applied but outwardly to 
my neck, and that unknown to me, upon the 
urinary paffages ; and that thefe operations are 
due to material effluxes, which, to get into 
the mafs of blood, muft pafs through the 
pores of the fkin, you will not, I prefume, 
put me to prove. 

ScaLiGER Exercit. 186. relates, that in 
Gafcony, his country, there are fpiders of that 
virulency, that if a man treads upon them to 
crufh them, their poifon will pafs through the 
very foles of his fhoes. Which ftory, not- 
withftanding the reputation of the author, I 
fliould perhaps have left unmentioned, becaufe 
of a much ftranger about fpiders, which he re- 
relates in the fame feftion, but that I met with 
one that is analogous in the diligent P:/o’s late 
hiftory of Brafl; where, having fpoken of 
another venemous fifh of that country, and the 
antidotes he had fuccefsfully ufed to cure the 
hurts it inflicts, he proceeds to that fifh the 
natives call Amoreatim, of one kind whereof, 
called by the Portugals Pefze Sola, his words 
are thefe; Que mira fané efficacia non folum 
manum vel leviffimo at.ratiu, fed &F pedem, licet 
optimé calceatum, pifcatoris incautée pifciculum 
conterentis, paralyfi &S ftupore afficit, inftar tor- 
pedinis Europea, fed minus durabili, Lib. 5. 
cap. 14. 

Wuart I fhall ere long have occa‘ion to tell 
you of the power of the Zorpedo, and fome 
other animals, to affect rhe hand and arm of 
him that ftrilkes them, feems applicable to the 
matter under confideration: for, though their 
affecting the ftriker at a diftance may very 
well be afcribed to the ftupefactive, or other 
venemous exhalations, that expire (and per- 
haps are as it were darted) from the animal ir- 
ritated by the ftroke, and are breathed in to- 
gether with the air they infect; yet their be- 
numbing, or otherwile affecting the ~~ thae 
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ftruck them, rather than any other part, feems 
to argue, that the poifonous fteams get in at 
the pores of the fkin of the limb, and fo itu- 
pify, or otherwife injure, the nervous and 
mufculous parts of It. 

OTHER examples belonging to this fection, 
may be referred hither from divers other places 
in thefe papers about occult qualities, and there- 
fore I fhall only add here, that moft remarkable 
proof, That fome emanations, even of folid bo- 
dies, may be fubtil enough to get through the 
pores, even of the clofeft bodies ; which 1s af- 
forded us by the effluvia of the load{tone, which 
are by magnetical writers faid to penetrate, with- 
out refiftance, all kind of bodies. And though 
I have not tried this in all forts, yet having 
tried it metals themfelves, I am apt to think, 
the general rule admits of very few excep- 
tions, efpecially, if that can be fully made out, 
which is affirmed about the pervioufnefs of 
glafs to the effuxions of the loadftone. For, 
not only glafs is generally reputed to be as 
clofe a body as any is, but (which weighs more 
with me) I have by trials purpofely made, had 
occafion to admire the clofenefs of very thin 
pieces of glafs. But the reafon, why I juft 
now expreffed myfelf with an If, was, becaufe 
I was not entirely fatisfied with the proof wont 
to be acquiefced in, of the pervioufnefs of 
olafs; namely, that in dials and fea-compafies, 
that are covered with plates of glafs, the needle 
may bc readily moved to and fro by a load- 
ftone held over it. Jor thefe plates being 
commonly but faftened on with wax, or at 
beft with cement, a fceptick may pretend, 
that the magnetica) effuvia pafs not through 
the glafs, but through that much more per- 
vious matter, that is employed to fecure the 
commifiures, only from the accefs of the air. 
‘To put then the matter paft doubt, I caufed 
fome needles to be hermetically fealed up in 
elafs-pipes, which being laid upon the furface 
of water (whereon, by reafon of the bignefs 
of the cavities, they would lightly float,) the 
included needles did not only readily feel the 
virtue of an externally applied loadftone, 
(though but a weak one) but complied with it 
fo well, that I could eafily, by the help of the 
needle, lead, without touching it, the whole 
pipe, this was fhut up in, to what part of the 
furface of the water I pleafed. And I alfo 
found, that by applying a better loadftone to 
the upper part of a fealed pipe, and a’ needle 
in it, I could make the needle leap up from 
the lower part, as near to the loadftone, as the 
interpoifed glafs would give it leave. 

But I thought it would be more confide- 
rable, to manifeft, that the magnetical effluvia, 
even of fuch a dull body, as the globe of the 
earth, would alfo penetrate glafs. And though 
this feem difficult to be tried, becaufe no ordi- 
nary loadftone, nor any iron touched by it, 
was to be employed to work on the included 
iron; yet I thought fit to attempt it after this 
manner. I took a cylindnecal. piece of iron, of 
about the bignefs of ones little finger, and be- 
tween half a foot and a foot long, (for I had 
formerly obferved, that the quantity of unex- 
cited iron furthers its operation upon excited 


needles,) and having hermetically fealed it up 
in a glafs-pipe but very little longer than it, [ 
fuppofed, that if I held it in a perpendicular 
pofture, the magnetical effuvia of the earth, 
penetrating the glafs, would make the lower 
extream of the iron anfwerable to the north 
pole ; and therefore having applied this to the 
point of the needle in a dial, or fea-compais, 
that looked toward the north, (for authors 
mean not all the fame thing by the northern 
pole of a needle, or loadftone,) I prefumed it 
would, according to the laws magnetica], (elfe- 
where mentioned) drive it away, which ac- 
cordingly it did. And having for farther trial 
inverted the included iron, (fo that the end, 
which was formerly the lowermoft, was now 
the uppermoft) and held it in a perpendicular 
pofture, juft under the fame point of the needle, 
that extream of the tron-rod, which before had 


driven away this point, being by this inverfion 


become, in a manner, a fouth-pole, did (ac- 
cording to the fame laws) attract it: by which 
fudden change of poles, merely upon the change 
of fituation, it alfo appeared, that the iron owed 
its virtue only to the magnetifm of the earth, 
not that of another load{tone, which would not 
have been thus eafily alterable. And this ex- 
periment I the more particularly relate, becaufe 
this is not the only place, where I have occafion 
to make ufe of it. 


CHAP. V. 
Fed sen proof of the great fubiilty 


of effuviums may be taken trom the 
{mall decrement of weight or bulk, that a 
body may fuffer by parting with great ftore of 
fuch emanations. 

TuHaT bodies, which infufed in liquors im- 
pregnate them with new qualities fuitable to 
thofe of the immerfed bodies, do fo by im- 
parting to them fomewhat of their own fub- 
{tance, will, I prefume, be readily granted by 
thofe, that conceive not, how one body fhould 
communicate to another a folitary and naked 
quality, unaccompanied by any thing corpo- 
real to fupport and convey it. But I would 
not have you think, Pyrophbilus, that the only 
matter of fact I have to countenance this no- 
tion, is that experiment, which has convinced 
divers chemifts and phyficians, otherwife not 
friends to the corpufcular philofophy, that me- 
dicines may operate without any confumption 
of themfelves. For though divers of thefe, 
fome of them learned men, have confidently 
written, that glafs of antimony, and crocus 
metallorum, being either of them infufed in 
a great proportion of wine, will make it vo- 
mitive ; and if that liquor be poured off, and 
new be poured on, every new portion of fuch 
liquor will be impregnated with the fame vir- 
tue, and this though the liquor be changed a 
thoufand times, and yet the antimonial glafs 
or crocus will continue the fame, as well in 
weight as virtue ; and though thence fome of 
them, efpecially chemifts, argue, that fome 
metals work without imparting any thing fub- 
{tantial, but only, as Helmont {peaks of fome 
of his arcana, by irradiation: yet, I confefs, I 

have 


Chap. V. 


Chap .V. 


have fome doubts, whether the experiment 
have been comrpetently tried, and {hall not 
fully acquiefce in what has been faid, till fome 
fkilful experimenter deliver it upon his own 
trial, and acquaint us too, with what inftru- 
ments, and what circum{pection he made it. 
For befides, that the ingenioufeft phyficians I 
have queftioned about it, acknowledged the 
tafte, and fometimes the colour of the wine, 
to be altered by the infufed mineral, I could 
not acquiefce in the affirmation of an ordinary 
chemift, or apothecary, or even phyfician, if 
he fhould barely aver, that he had weighed an 
antimonial medicine before it was put to in- 
fufe, and after the infufion ended, and ob- 
ferved no decrement of weight. For I have 
had too much experience (as I elfewhere men- 
tion) of the difficulty of making exact ftatical 
trials ; not to know, that fuch fcales, as are 
wont to be employed by chemifts and apothe- 
caries in weighing drugs, are by no means fit 
to make trials with the nicety, which that I 
am {peaking of requires : it being eafy, even 
with the better fort of fuch unaccurate {cales, 
efpecially if they be not fufpended from fome 
fixed thing, but held with the hand, to mif 
take half a grain, or a grain; and perhaps a 
ereater quantity, and at leaft more, than by 
divers of the experiments of this effay appears 
neceflary to be fpent upon the impregnating of 
a confiderable proportion of liquor, with cor- 
poreal effluxions. Befides that if, when the 
beaten crocus, or glafs, be taken out of the wine 
to be weighed again, the experimenter be not 
cautious enough to make allowance for the li- 
quor, that will adhere to the medicament, it is 
plain, that he may take notice of no decre- 
ment of weight, though there may be really 
effuviums of the mineral amounting to feveral 
erains, imbibed by the liquor. And though 
he be aware of this, and dry the powder, yet 
it is not fo eafy, even for a tkilful man, to be 
fure, that none of the more vifcous particles of 
the liquor ftick to the mineral, and being 
fenfible upon the balance, though not to the 
eye or hand, repair the recefs of thofe emetick 
corpufcles, that diffufed themfelves into the 
menftruum. And the fenfe of thefe difficul- 
ties put me upon the attempting to make fo 
noble an experiment with excellent fcales, and 
the care that it deferves: but, after a long trial, 
"an unlucky accident fruftrated at laft my en- 
deavours. But though, till competent rela- 
tors give us an account of this matter upon 
their own trial, and repeat the infufion very 
much oftner, than, for aught I find, any 
man has yet done, I muft not acquiefce in all, 
that is faid of the impregnation of wine, or 
other liquors by antimonial glafs and crocus 
metallorum; yet, that after divers repeated in- 
fufions, the mineral fubftance fhould not be 


fenfibly diminifhed in bulk or virtue, may well ’ 


fuffice to make this inftance, though not the 
only or chief, that may be brought for our pur- 
pole, yet a pertinent one to it. For, that 
there is a powerful emetick quality imparted 
to the liquor, is manifeft by experience ; and 
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that the mineral does not impart this virtue, 
as it were, by irradiation, but by fubftantial 
effuxion, feems to me very probable; not 
only becaufe I conceive not, how this can be 
done otherwife, but becaufe, as it is noted 
above, the wine does oftentimes change colour 
by being kept a competent time upon the mi- 
neral, as if it drew thence a tinéture; and 
even when it is not difcoloured, I think it un- 
fafe to conclude, that the menftruum has not 
wrought upon it. For I have kept good fpirit 
of vinegar, for a confiderable time, upon finely 
powdered glafs of antimony made per /2, with- 
out finding the fpirit to be all tinged, though 
it is known, that antimonial glafs is foluble in 
{pirit of vinegar, as mine afterwards appeared 
to be, by a longer digeftion in the fame liquor. 
But there may be.a great number of minute 
particles diffolved in the menftruum before 
they be numerous enough to change the colour 
of it. And with this agrees very well what is 
obferved, that though too great a quantity of 
the prepared antimony be put into the liquor, 
yet it will not be thereby made too ftrongly 
emetick. For the wine, being a menftruum, 
will, like other menftruums, be impregnated 
but to a certain meafure, without diffolving 
the overplus of the matter, that is put into it; 
and Mars, which is a harder and heavier body 


than glafs of antimony, is it felf in part folu- 


ble in good Rhenifh or other white wine, (ard 
that in no long time,) and fometimes even in 
water. 

Ido not therefore rejeét the emetick infu- 
fion, as unfit to have a.place in this chapter, 
but till the experiment have been a little more 
accurately made, I think it inferiour, as to our 
purpofe, to fome of theinftances to be met 
with in the next chapter, and perhaps alfo to 
that mentioned by He/#ont, and tried by more 
than one of my acquaintance, concerning the 
virtue of killing worms, that mercury imparts 
to the water or wine, wherein it has been long 
enough infufed, or elfe for a while decoéted. 
Though quickfilver given in fubftance is com- 
mended as an effectual medicine again{t worms, 
not only by many profeffed * fpagyrifts, but 
by divers -+ methodifts of good note. And ~ 
though fome other things, chemical and phi- 
lofophical, keep me from being of their opi- 
nion, who think, that in this cafe the mercury 
impregnates the liquor, as it were, by irradia- 
tion, rather than in a corporeal manner; yet 
the eye docs-not perceive, that even limpid 
water takes any thing from cl-an and well-' 
purged mercury, which we know, that divers 
corrofive liquors themfelves will not work 
upon. 

To this inftance I muft add one, that is yet 
freer from exceptions, which is, that having 
for curiofity fake fufpended in a pair of exact 
files, that would turn with a very fmall part 
of a grain, a piece of ambergreefe bigger than 
a walnut, and weighing betwixt an hundred 
and fix {core grains, I could not in three days 
and a half, that I had opportunity to make the 
trial, difcover,;even upon that balance, any 
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decrement of weight in the ambergreefe ; 
though {fo rich a perfume, lying in the open 
air, was like in that time to have parted with 
good ftore of odoriferous fteams. And a 
while after fufpending a lump of affa foetida 
five days and a half, I found it not to have 
{uftained any difcernible lofs of weight, though, 
in Ipite of the unfavourable cold weather, it 
had about it a neighbouring atmofphere reple- 
nifhed with foetid exhalation. And when 
twelve or fourteen hours after, perhaps upon 
fome change of weather, I came to look up- 
on it, though I found, that in that time the 
equilibrium was fomewhat altered, yet the 
whole lump had not loft half a quarter of a 
grain 3 which induced me to think, that there 
may perhaps be fteams difcernible even by our 
noftrils, that are far more fubti! than the odo- 
rous exhalations of fpices themfelves, For 
having, in very good fcales, fufpended in the 
month of Adarch an ounce of nutmegs, it loft 
in about Ox days five grains and a half. And 
an ounce of cloves, in the fame time, loft feven 
grains and five-eighths, 

You will perhaps wonder, why I do not 
prefer, to the inftances I make mention of in 
this chapter, that, which may be afforded by 
the load-ftone, that is acknowledged conti- 
nually to emit multitudes of magnetical fteams 
without decrement of weight. Burt though I 
have not thought fit to pafs this wholly under 
filence, yet I forbear to lay fo much ftrefs on 
it, not only becaufe my balances have not yet 
fatished me about the efHuvia of load-ftones, 
(for I take them not all to be equally diffufive 
of their particles,) but becaufe I forefee it may 
be doubted, whether load-ftones, like odorous 
bodies, do furnth afrefh of their own, all the 
corpuicles, that from time to time iffue from 
them; or, whether they be not continually 
repaired, partly by the return of the magne- 
tical particles to one pele, that fallied out of 
the other; and partly by the continued paf- 
fage of magnetical matter, fupplied by the 
earth, or other mundane bodies, which make 
the pores or channels of the load-ftone their 
conftant thorough-fares. 

I doubt not but it will make it more proba- 
ble, that a {mall quantity of matter being f{cat- 
tered into invifible effuvia, may be exceed- 
ingly rarifed and expanded, if it can be made 
appear, that this little portion of matter fhall, 
for a confiderable time, emit multitudes of vi- 
fibic parts, and that in fo clofe an order among 
themiclves, as to feein in their aggregate but 
one entire liquor, endowed with a ftream-like 
motion, and a diftinét fuperficies, wherein no 
interruption is to be feen, even by an eye 
placed near it. To devife this experiment, I 
was induced, by confidering, that hitherto all 
the tota] diffolutions, that have been made of 
pigments, have been in liquors naturally cold, 
aid confifting probably of much lefs fubtil, 
and certainly of much Jefs agitated parts, than 
that flux) aggregate of fhining matter, that 
we call fame ; whereas I argued, that if one 
could totally diffolve a body compofed of parts 
fo minute, as thofe of a metal, into actual 
flame, and hufband its flame fo, as that it 


fhould not 1mmoderately wate, I fhould there- 
by diffolve the metal in a far more fubtil men- 
{truum than our common water, or aqua fortis, 
or aqua regis, or any other known menftruum 
] have yet employed. And confequently, the 
attenuation and expanfion of the metal in this 
truly igneous menftruum would much furpafs, 
not only what happens in ordinary metalline 
folutions, but poffibly alfo what I have noted 
in the third chapter of this effay, about the 
ftrange diffufion of copper diffolved in fpirit 
of urine and water. In profecution of this 
defign, I fo prepared one fingle grain of that 
metal, by a way, that I elfewhere teach, that 
it was diffolved in about a {fpoonful of an ap- 
propriated menftruum. And then having 
caufed a {mall glafs lamp to be purpofely blown 
to contain this liquor, and fitted it with a 
focket and wick, we lighted the lamp, which, 
without confuming the wick, burnt witha fame 
large enough, and very hot, and feemed to 
be all the while of a greenifh blue, as if it were 
but a finer and fhining folution of copper. 
And yet this one grain of prepared metal 
tinged the flame, that was from moment to 
moment produced, during no lefs than half an 
hour and fix minutes. And now if we con- 
fider, that in this fame there was an uninter- 
rupted fucceffion of multitudes of coloured 
particles newly extricated, and flying off in 
every of thofe many parts wherein a minute 
of time may either actually or mentally be 
divided ; and if we confider flame as a light 
and very agitated body, paffing with a fream 
upwards through the air, and if we alfo con- 


fider the quantity of liquor, that would (as I 


fhall by and by tell you) run through a pipe 
of a much leffer diameter than that flame, 
within the compafs of the fore-mentioned 
time : what a quantity of the ftreaming fluid, 
we call fame, if it could have been preferved, 
and collected into one body, may we fuppofe, 
would appear to have iffued out of one grain 
of copper in the fpace of thirty-fix minutes ; 
and what a multitude of metalline corpufcles 
may we fuppofe to have been fupplied for the 
tinging of that flame, during fo long a time? 
fince a cylindrical ftream of water falling but 
through a very fhort pipe of glafs, conftantly 
fupphed with liquors, did pafs at fuch a rate, 
that though the aqueous cylinder feemed 
more flender by half, or perhaps by two-thirds, 
or better, than the flame, yet we eftimated, 
by the help of a minute-watch, and a good 
pair of fcales that, if I had had conveniencies 
to let it run long enough, the water effluxed 
in thirty-fix minutes, the time of the fame’s 
duration, would have amounted to above nine 
gallons, or, reckoning a pint of water to con- 
tain a pound of fixteen ounces, feventy-two 
pounds. 


CHAP. VI. 


HE laft fort of inftances I fhall propofe 
ah to fhew the ftrange fubtilty of effluvia, 
is of fuch as difcover the great quantity of 
{pace, that may, by a {mall quantity of mat- 
ter, when rarified or difperfed, be either filled 
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as to fenfe, or, at leaft, made (as they fpeak) 
the fphere of its activity. 

To manifeft this truth, and thereby as well 
confirm the foregoing chapter, as make out 
what is defigned in this, I fhall endeavour to 
fhew, and help your imagination to conceive, 
how great a {pace may be impregnated with 
the effluxions of a body, oftentimes without 
any fenfible, and oftener without any confi- 
derable decrement in bulk, or weight, of the 
body that affords them. And in order to this, 
though I fhall not pretend to determine pre- 
cifely how little the fubftances, I am to in- 
ftance in, would wafte upon the balance, be- 
caufe you will very eafily fee, they are not that 
way to be examined; yet I prefume, you will 
as eafily grant, that the decrement of weight 
would be but inconfiderable, fince, of fuch light 
fubftanccs, the lofs even of bulk-is fo; which 
Jaft claufe I fhall now attempt to make good, 
by fetting down fome obfervations, partly bor- 
rowed from the writings of approved phyfi- 
cians, and partly, that my friends and I have 
made about the durable evaporation of fuch 
{mall particles of the effuxions of animals, as 
are actually not to be difcerned by the eyc to 
have any of thofe things fticking to them, 
which are fo very long in flying fucceffively 
away. 

Ir is wont to be fomewhat furprizing to 
men of letters, when they frit go a hawking 
with good fpanicls, to obferve, with how great 
fagacity thole dogs will take notice of, and dif- 
tinguif: by the icent, the places where par- 
tridges, quails, &c. have lately been. But I 
have much more wondered at the quick fcent 
of an excellent fetting-dog, who, by his way 
of rangmg the ficlds, and his other motions, 
efpecially of his head, would not only inti- 
mate tu us the kinds of game, whole fcent he 
chanced to hight on, but would difcover to us 
where partridges have been, though perhaps 
without ftaying in that place, feveral hours 
before, and affiit us to gucfs how Jong they 
had been gone before we came. 

I have had ftrange anfwers given me in 
Treland, by tnofe, who make a gain, if not an 
entire livelinced, by killing of wolves in that 
country, (wlere they are paid fo much for 
every heai they bring in) about the fagacity 
of that peculiar race of dogs they employ in 
huntiig them; but not trulting much to thofe 
relators, I fhall add, that a very fober and 
diicreet gentleman of my acquaintance, who 
has often occafion to employ blood- hounds, 
affures me, that if a man nave but paffed over 
a field, the fcent will lie, as they f{pcak, fo as 
to be perceptible enough to a good dog of 
that fort for feveral hours after. And an in- 
genious hunter affures me, that he has ob- 
ferved, that the fcent of a flying, and heated 
deer, will fometimes continue upon the ground 
from one day to the next following. 

AND now we may conlider thefe three 
things; firft, that the fubftance Icft upon the 
grails, or ground, by the tranfient tread of a 
partridge, hare, or othcr animal, that does but 
pafs along his way, docs probably communi- 
cate to the grafs, or ground, but fome of thole 
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effuxions, that tranfpire out of his feet, which 
being {mall enough to efcape the difcernment 
of the eye, may probably not amount to one 
grain in weight, or perhaps not to the tenth 
part of it. Next, that the parts of fluid 
bodies, as fuch, are perpetually in motion, and 
fo are the invifible particles, that fwim in 
them, as may appear by the diffolution of falt, 
or fugar, in water, and the wandering of a- 
queous vapours through the air, even when 
the eye perceives them not. And thirdly, 
that though the atmofphere of one of thefe 
{mall parcels of the exhaling matter we are 
{peaking of may oftentimes be exceeding vaft, 
in comparifon of the emittent body, as may. 
be gueffed by the diftance, at which fome fer- 
ters, or blood-hounds, will find the fcent of 
a partridge, or deer; yet in places expofed to 
the fre eair, or wind, it is very likely, that thefe 
{teams are affiduoufly carried away from their 
fountain, to maintain the fore-mentioned at- 
mofphere for fix, eight, or more hours, that 
is, as long as the fcent has been obferved to 
lie, there will be requifite a continual recruit 
of fteams fucceeding one another: and, that 
fo very fmall a portion of matter, as that, 
which we were faying the fomes of thefe 
{teams may be judged to be, being fenfibly 
to impregnate an atmofphere incomparably 
greater than itfelf, and fupply it with almoft 
continual recruits, we cannot but think, that 
the fteams it parts with, muft be of an ex- 
treme, and fcarce conceivable minutenefs. 

AND we may further confider, that the 
fubftances, which emit thefe fteams, being 
fuch as newly belonged to animals, and were, 
for the moft part, tranfpired through the 
pores of their feet, muft be in likelihood a 
far more evaporable and diffipable kind of bo- 
dies, than minerals or aduft vegetables, fuch 
as gunpowder is made of; fo that if the grains 
of gunpowder emit effuviums capable of be- 
ing, by fome animals, perceived at a diftance 
by their fmell, one may probably fuppofe, 
that the {mall grains of this powder may hold 
out very many times longer to fupply an at- 
mofjhere with odorable f{teams, than the cor- 
pufcles left on the ground by tranfient ani- 
mals, 

Now though it be generally agreed on, 
that very few birds have any thing near fo 
quick a fenfe of fmelling, as fetting-dogs, or 
blood-hounds, yet, that the odour of gun- 
powder, efpecially when affifted by the fteams 
of the caput mortuum of powder formerly fired 
in the fame gun, may by fowls be f{melled at 
a notable diftance, particularly when the wind 
blew from me towards them, I often perfuaded 
mylelf I-obferved, efpecially 4s to crows, 
when I went a fhooting ; and was confirmed 
in that opinion, both by the common tradi- 
tion, and by fober and ingenious perfons much 
exercifed in the killing of wild-fowl, and of 
{ome four-footed beafts. 

I had forgotten to take notice of one obfer- 
vation of the experienced Falius Palmarius : 
whence we may learn, that beafts.may leave 
upon the vegetables, that have touched their 
bodies for any time, fitch corpuicles, as, 

though 
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thouzh unheeded by cther animals, may, 
when eaten by them, produce in them fuch 
difeafes as the infe&ted animals had. For this 
author writes, in his uleful tract De morbis con- 
tagiofis, that he obferved horfes, beeves, fheep, 
and other animals, to ran mad upon the eat- 
ing of fome of the ftraw on which fome mad 
{wine had lain. 

AwpD now to refume and profecute our for- 
mer difcourfe, you may take notice, that the 
effuvia, mentioned to have been {melt by 
animals, are, though invifible, yet big enough 
to be the objects of fenfe; fo that it is not 
improbable, that among the fteams, that no 
fenfe can immediately perceive, there fhould 
be fome far more fubtil than thefe, and con- 
fequently capable of furnifhing an atmofphere 
much longer, without quite exhaufting the 
eMuviating matter, that afforded them 

Forestus, an wfetul author, recites an 
example of peftilential contagion long pre- 
ferved in a cobweb. 

ALEXANDER BENeEpDiIcTUws writes alfo, 
that at Venice a flock-bed did for many years 
harbour a peftiferous malignity to that degree, 
that when afterwards it came to be beaten, it 
prefently infected the by-ftanders with the 
plague. 

Awnop the learned Sexnertus himfelf re- 
lates, that in the year one thoufand five hun- 
dred and forty-two, there did in the city of 

ratiflavia, vulgarly Breflaw, where he after- 
wards practifed phyfick, die of the plague, 
in lefs than fix months, little lefs than fix thou- 
fand men, and that from that time, the pe- 
fiilentiai contagion was kept folded up in a 
Iinen cloath about fourteen years, and at the 
end of that time being difplayed in another 
city, it began a plague there, which infected 
alfo the neighbouring towns, and other places. 

TRINCAVELLA makes mention of a yet 
laftinger contagion, which occafioned the death 
of : 1 thoufand perfons, that lay lurking in 
cere, ropes, with which, at 7ufznopolis, thofe, 
thai: ied of the plaguc, had been let down 
Into .uc graves. 

Bu ¢ though none of thefe relations fhould, 
to fos criticks, appear fcarce credible, it may 
be objected, that all thefe things, wherein this 
contagion refided, were kept clofe fhut up, 
or at leaft were not expofed to the air. Where- 
fore having only intimated, that the excep- 
tion, which I think is not irrational, would, 
though never fo true, bue leffen the wonder 
of thefe ftrange relations, without rendering 
them unfit for our prefent purpofe, I fhall 
add, that though it is the opinion of divers 
learned phyficians, that the matter harbouring 
contagion cannot laf{t above twenty, or a few 
more days, if the body it adheres to be ex- 
pofed to the free air and the wind; and though 
J am not forward to deny, that their judg- 
ment may hold in ordinary cafes; yet I muft 
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_asto the reft of his body, ill at eafe. 


not deny neither, that a contagion may fome- 
times happen to be much more tenacicus, and 
obftinate : of which I fhall give but that one, 
almoft recent inftance, obferved by the learned 


Dieimerbroek, in his own apothecary, who Lib. IV. 
having but removed with his foot, from one de Petite. 


fide to the other of a little arbour in his car- 
den, fome ftraw, that had lain under the pal- 
let, on which near eight months before a bed 
had lain, wherein a fervant of the apathe- 
cary’s, that recovered, had been fick of the 
plague ; the infectious fteams prefently invad- 
ed the lower part of his leg, and produced a 
pungent pain and blifter, which turned to a 
peftilential carbuncle, that could f{carce be 
cured in a fortnight after, though, during that 
time, the patient were neither feverifh, nor, 
This 
memorable inftance, together with fome others 
of the like kind, that our author obferved in 
the fame city of Nimmeguen, obtained, not to 
fay, extorted, even from him, this confeffion; 
which I add, becaufe it contains fome confi- 
derable, and not yet mentioned circumftances 
of the recited cafe: Hoc exemplo medicorum 
dotirina de contagio in fomite latente fatis con- 
Jirmatur. Mirum tamen eff, hoc contaginiz 
tanto tempore in preaitto firamine potuiffe 
Jubfftere, utpote quod toth hyeime ventis F plu- 
vits, (he adds in another place) nivibus &? 
frigori, expofituin fuiffet. 

Anp now I will fhut up this chapter with 
an inftance, that fome will think, perhaps, no 
Jefs ftrange than any of the reft; which is, that 
though they, that are fkilful in the perfuming. 
of gloves, are wont to imbue them with but 
an inconfiderable quantity of odoriferous mat- 
ter, yet I have by me a pair of Spanifh gloves, 
which I had by the favour of your fair and 
virtuous fifter (#.) that were fo fkilfully per- 
fumed, that partly by her, partly by thofe, 
that prefented them her as a rarety, and partly 
by me, who have kept them {feveral years, 
they have been kept about eight or nine and 
twenty years, if not thirty, and they are fo 
well fcented, that they may, for aught I know, 
continue fragrant divers years longer. Which 
inftance if you pleafe to refle€t upon, and 
confider, that fuch gloves cannot have been 
carried from one place to another, or fo much 
as uncovered, as they muft often have been, 
in the free air, without diffufing from them- 
felves a fragrant atmofphere, we cannot but 
conclude thofe odorous {teams to be unima- 
ginably fubtile, that could for fo long a time 
iffue out, in fuch fwarms, from a little per- 
fumed matter lodged in the pores of a glove, 
and yet leave it richly {tocked with particles of 
the fame nature; though, efpecially by rea- 
fon of fome removes, in which I took not 
the gloves along with me, I forgot ever fince 


Thad them, to keep them fo much as fhut up 
in-a box. 
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LEY, that are wont, in the eftimatcs 
they make of natural things, to truft 
tco much to the negative informations 

of their fenfes, without fuficiently confulang 
their reafon, have commonty but a very hittle 
and flight opinion of the power and efficacy of ef- 
fluviums ; andimagine, that fuch minute corpuf- 
cles (if they grant, that there are fuch,) as are 
not, forthe moft part of them, capable to 
work upon the tendereft and quickeft of fenfes 
the fight, cannot have any confiderable ope- 
ration upon other bodies. But I take this to 
be an error, which, as it very little becomes 
philofophers, fo it has done no little prejudice 
to philofophy it felf, and perhaps to phyfick 
too. And therefore though the nature of my 
defign at prefent did not require it, yet the 
importance of the fubject would invite me to 
fhew, that this is as 1l-grounded as prejudicial 
a fuppofition. 

Awnp indeed if we confider the fubject at- 
tentively, we may obferve, that though it be 
true, that, ceteris paribus, the greatnefs of 
bodies doth, in meft cafes, contribute to that 
of their operation upon others, yet matter or 
body being, in its own precife nature, an un- 
active or movelefs fubject, one part of the 
mafs acts upon another, but upon the account 
of its local motion, whofe operations are faci- 
Jitatcd and otherwile diverfified by the fhape 
fize, fituation and texture both of the agent 
and of the patient. And therefore if corpuf 
cles, though very minute, -be numerous e- 
nough, and having a cofipetent degree of 
motion, even thele fmall particles, efpecially 
if fitly fhaped, when they chance to meet 
with a body, which the congruity of its tex- 
ture difpofes to admit them at its pores, and 
receive their either friendly or hoftile impref- 
fions, may perform fuch things in the patient, 
as vilible and much groffer bodies, but lefs 
conveniently fhaped and moved, would be ut- 
terly unable on the fame body to effect. 

Anp that you may with the lefs difficulty 
allow me to fay, that the efluviums of bodies, 
as minute as they are, may perform confide- 
rable things, give me leave to obferve to you, 
chat there are at leatt fix ways, by which the 
effiuviums of a body may notably operate up- 
on another ; namely, 1. By the great number 
of emitted corpuicles. 2. By their penetrating 
and pervading nature. 3. By their celerity, 
and other modifications ot their motion. 4. 
By the congruity and incongruity of their bulk 
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and fhape to the pores of the bodies they are 
to dct upon. 4. By the motions of one part 
upon another, that they excite or occafion in 
the body they work upon, according to tts ftruc- 
ture. And 6. by the fitnefs and power they 
have to make themfelves be affifted, in their 
working, by the mere catholic agents of the 
umiverfe, And though it may perhaps be fuf- 
ficiently proved, that there are feveral cafes 
wherein a body, that emits particles, may act 
notably upon another body, by this or that 
fingle way, of thofe I have been naming; yet 
uiitally the great matters are performed by the 
affociation of two, three, or more of them, 
concurring to produce the fame effect. Upon 
which fcore, when I fhall in the following pa- 
per refer an inftance, or a phanomenon, to any 
one of the forementioned heads, I defire to 
be underftood as looking upon that but as the 
head, to which it chiefly relates, without ex- 
cluding the reft. 


CHAP. I. 


AKING thofe things for granted, that 

have, I hope, been fufficiently proved in 
the former tract about the fubtilcy of effu- 
viums, { fuppofe it will readily be allowed, 
that the emanations of a body may be ex- 
tremely minute ; whence it may be rightly in- 
ferred, that a {mall portion of matter may emit 
great multitudes of them. 

Now, that the great number of agents may 
in many cafes compenfate their litdlenefs, efpe- 
cially where they act, or refift per modum 
wnius, as they fpeak, men would perhaps the 
more eafily grant, if they took notice to this 
purpofe of fome familiar inftances. 

We fee, that not only leffer Jand-floods, 
that overflow the neighbouring fields; but thofe 
terrible inundations, that fometimes drown 
whole countries, are made by bodies fingly fo 
{mall and inconfiderable as drops of rain, when 
they continue to fall in thofe multitudes we 
call fhowers. 

So the aggregates of fuch minute bodies as 
grains of fand, being heaped together in fut- 
ficient numbers, make banks, wherewith great- 
eft fhips are fometimes fplit, nay, and ferve in 
moft places for bounds to the fea it felf. 

Anp though a fingle corn of gun-powder, 
or two or three together, are not of force to 
do much mifchief, yet two or three barrels of 
thofe corns, taking fire together, are able to 
blow up fhips and houfes,and perform prodigious 
things, 
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But inftead of multiplying fuch Inftances, 
afforded by bodies of {mall indeed, but yet vi- 
fible bulk, I fhall (as foon as I have intimated, 
that the above-mentioned drops of rain them- 
felves confift of convening multitudes of ‘va- 
pours moft commonly invifible-in thetr afcent) 
endeavour to make out what was propofed, by 
two or three inftances drawn from the opera- 
tions of invifible particles. 

AnD firlt, we fee, that though aqueous va- 
pours be looked upon as the fainteft and leaft 
active efluviums, that we know of; yet when 
multitudes of them are in rainy weather dif 
perfed thorough the air, and are thereby qua- 
Jified to work on the bodies expofed to it, their 
‘operations are very confiderable, not only in 
the diffolution of falts, as fea-falt, fale of tar- 
tar, fc. and in the putrefactive changes they 
produce in many bodies, but in the intumef- 
cence they caufe in oak and other folid woods ; 
as appears by the difficulty we often find in 
and before rainy weather, to fhut and open 
doors, boxes, and other wooden pieces of work, 
that were before fit enough for the eavities 
they had been adjutted to. 

I might here urge, that though the ftrings 
of viols and other mufical inftruments are fome- 
‘times ftrong enough to fuftain confiderable 
weights, yet if they be left {crewed to their 
full tenfion, (as it frequently happens) they 
are oftentimes, by the fupervening of moitft 
weather, made to break, not without impe- 


_tuofity and noife. But it may fuit better with 


my prefent aim, if I ‘mention on this occafion, 
(what I elfewhere more fully take notice of,) 
being defirous to try, what a multitude even of 
aqueous {teams may do, I caufed a rope, that 
was Jong, but not thick, and was in part fu- 
{tained by a pully, to have a weight of lead fo 


_faftened to the end of it, as not to touch the 


ground, and after the weight had leifure al- 


_Jowed it to ftretch the cord as far as it could, 


I obferved, that in the moift weather the wa- 
‘terifh particles, that did invifibly abound in 
the air, did fo much work upon and fhorten 
the rope, as to make it lift up the hanging 
‘weight, which was, if I mif-remember not, 
-about an hundred pounds. 

THe invifible fteams, iffuing out of the walls 


of anewly plaiftered or whited room, are not 


fenfibly prejudicial to thofe, that do but tran- 
fiently vifit it, or make but avery fhort ftay init, 
though there bea charcole-fire in the chimney ; 
but we have many inftances of perfons, that by 
lying for a night in fuch rooms, have been the 
next morning, or fooner, found dead in their 
-beds, being fuffocated by the multitude of 
the noxious vapours emitted during all that 
time. 

Anp here I think it proper to obferve, that 
it may much affift us to take notice of the 
multitude of effuvia, and make us expect great 
‘matters from them, to confider, that they are 
not emitted from the body, that affords them 
all at once, as hail-fhot out of a gun, but iffue 
from it, as ‘the vaporous winds do out of an 
zolipile well heated, or waters out of a {pring- 
head in continued ftreams, wherein frefh parts 
{till fucceed one another; fo that though as 


many effluxions of a body, as can be fent out 
at one time, were numercus enough to act but 
upon its fuperficial parts, yet the emanation of 
the next minute may get in a little farther, 
and each fimalleft portion of time fupplying 
frefh recruits; and perhaps -urging on the 
{teams already entered, the particles may at 
length get into a multitude of the pores of the 
invaded body, and penetrate it to the very in- 
nermoft parts. 
CHAP. IIL. 

COME now to fhew, in the fecond place, 
] that the fubtile and penetrating nature of 
effuviums may, in many cafes, co-operate with 
their multitude in producing notable effects ; 
and that there are effluviums of a very piercing 
nature, though we fhall not now enquire upon 
what account they are fo, we may evince by 
feveral examples. For not only the invifible 
fteams of good aqua-fortis and fpirit of nitre 
do ufually in a fhort time, and in the cold, fo 
penetrate the corks, wherewith the glaffes, that 
contained them, were ftopped, as to reduce 
them into a yellow pap; but alfo the emana- 
tions of mercury have been fometimes found in 
the form of coagulated, or even of running 
mercury in the heads or very bones of thofe 
gilders, or venereal patients, that have too 
long, or too unadvifedly, been expofed to the 
fumes of it, though they never took quick- 
filver in its grofs fubftance. Chemifts too of- 
ten find in their laboratories, that the fteams of 
fulphur, antimony, arfenick, and divers other 
minerals, are able to make thofe ftagger, or 
perhaps ftrike them down, that without a com- 
petent warinefs unlute the veffels, wherein they 
had been diftilled or fublimed ; of which [ 
have known divers fad examples. And of the 
penetrancy, even of animal fteams, we may ea- 
fily be perfuaded, if we confider, how foon in 
many plagues the contagious, though invifible, 
exhalations are able to reach the heart, or in- 
fect other internal parts; though in divers of 
thefe cafes the blood helps to convey the in- 
infection, yet {till the morbifick particles muft 
get into the body, before they can infeét the 


‘mafs of blood. And in thofe ftupefactions, 


that are cauled at a diftance by the torpedo, 
the parts mainly affected feem to be the ner- 
vous ones of the hand and arm, which are of 
the moft retired and beft fenced parts of thofe 
members. And there is a fpirit of fal armo- 
niack, that I make to fmell to, whofe invifible 
fteams, unexcited by heat, are of fo piercing a 
nature, that not only they will powerfully af- 
fect the eyes and noftrils, and throats, and 
fometimes the {tomachs too (yet without prov- 
ing vomitive) of the patients they invade, but 
alfo when a great cold has fo clogged the or- 
gans of fmelling, that neither {weet nor ftink- 
ing odours would at all affect them, theie 
piercing {teams have not only in a few mi- 
nutes both made themfelves a way,and, which 
is more, fo opened the paflages, that foon af- 
ter the patient has been able to fmell other 
things alfo. And by the fame penetrating 
fpirit, a perfon of quality was, fome time fince, 

reftored 


Chap. IIT. 


Chap. IV. 


reftored to a power of fmelling, which he had 
loft for divers years, (if he ever had it equally 
with other men.) I could eafily fubjoin exam- 
ples of this kind, but they belong to other 
places. And here I fhall only add, that the 
{teams of water ‘itfelf, affifted by warmth, are 
capable of diffolving the texture of even hard 
and folid bodies, that are not fufpected to be 
faline ; as appears by the philofophical calcina- 
tion (as chemifts call it) wherein folid pieces of 
harts-horn are brought to be eafily friable into 
powder, by being hung over waters, whilft 
their fteams rife in diftillation and without the 
help of furnaces. The exhalations, that ufual- 
ly fwim every night in the air, and almoft 
every night fall to the ground in the form of 
dews (which makes them be judged aqueous) 
are in many places of the torrid zone of fo 
penetrating a nature, that, as eye-witnefies have 
informed me, they would, in a very fhort time, 
make knives ruftin their fheaths, and fwords 
in their fcabbards, nay, and watches in their 
cafes, if they did not conftantly carry them in 
their pockets. And I have known even in 
England divers hard bodies, into which the va- 

ous {wimming in the air have infinuated 
themfe!ves fo far, as to make them friable 
theouzhout. But of the penetration of efflu- 
vues, I have given, in feveral places, fo ma- 
ny inflances, that it 1s not neceffary to add any 
here. And therefore to fhew, that, as I inti- 
mated at the beginning of this chapter, the 
penetrancy and the multitude of effluviums 
may much affift each other, I fhall now fub- 
join; that we muft not for the moft part look 
upon effluviums, as {warms of corpufcles, that 
only beat againft the outfides of the bodies they 
invade, but as corpufcles, which by reafon of 
their great and frequently rectuited numbers, 
and by the extreme fmallnefs of their parts, 
inGinuate themfelves in multitudes into the mi- 
nute pores of the bodies they invade, and of- 
ten penetrate to the innermoft of them; fo 
chat, though each fingle corpufcle, and its di- 
tint ation, be inconfiderable, in refpect of 
the multitude of parts, that compofe the body 
to be wrought on; yet a vaft multitude of thefe 
little agents working together upon a corref- 
pondent number of the fall parts of the body 
they pervade, they may well be able to have 
powerful effects upon the body, that thofe 
parts conftitute ; as, in the cafe mentioned ih 
the former chapter, the rope would not pro- 
bably have been enabled to raife fo great a 
weight, though a vehement wind had blown 
againft it, to make it lofe its perpendicular 
_ ftreightnefs, but a vaft multitude of watery 
particles, getting by degrees into the pores of 
the rope, might, like an innumerable compa- 
ny of little wedges, fo widen the pores, as to 
make the thrids or fplinters of hemp, the rope 
was madc up of, fwell, and that fo forcibly, 
that the depending weight could not hinder 
the fhortening of the rope, acd therefore muft 
of neceffity be raifed thereby. And I have 
more than once known folid, and even heavy 


snineral bodies, burft in pieces by the moifture » 


of the air, though we kept them within-doors 
carefully fheltered from the rain. 
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| CHAP. IV. 
§ ies the celerity of the motion of very 


minute bodies, efpecially conjoined to 
their multitudes, may perform very notable 
things, may be argued from the wonderful 
effects of fired gunpowder, aurum fulminans, 
of flames, that invifibly touch the bodies they 
work on, and alfo whirlwinds, and _ thofe 
{treams of invifible exhalations and other 
aereal particles we call winds. But becaufe in- 
{tances of this fort fuit not fo well with the 
main fcope of this tract, I fhall not infift on 
them, but fubjoin fome others, which, though 
lefs notable in themfelves, will be more con- 
gruous to my prefent defign. ‘That the cor- 
pufcles, whereof odours confift, fwim to and 
fro in the air, as in a fluid vehicle, will by 
moift, I prefume, be granted, and may be 
eafily proved. But I have elfewhere fhewn, 
that the motion of the cfHuviums of fome fuf- 
ficiently odorous bodies has too little celerity 
to make a fenfible impreffion on the organs of 
fmelling, unlefs thofe fteams be affifted to beat 
more forcibly upon the noftrils by the air, 
which hurries them along with it, when it en- 
ters the noftrils in the form of a ftream, in the 
act of infpiration. And I have by familiar 
obfervation of hunters, fowlers, and partly of’ 
my own, made manifeft, that fetting-dogs, 
hounds, crows, and fome other animals, will 
be much more affeéted with fcents, or the odo- 
rous efHuvia of partridges, hares, gunpowder, 


‘&cc. when the wind blows.trom the object to= 


wards the fenfory, than when it fits the con- 
trary way, which way foever the noftrils of 
the animal be obverted, fo the air be imbued 
with the odorcus fteams : and confequently the 
difference feems to proceed from this, that 
when the noftrils are obverted to the wind, the 
current of the air drives the fteams forcibly 
upon the fenfory, which otherwife it does 

rot. e 
Tua’ there is a brifknefs of motion requi+ 
fite, and more than ordinarily conducive to 
electrical attractions, may be argued from the 
neceffity, that we ufually find by rubbing am- 
ber, jett, and other electrical bodies, to make 
them emit thofe fteams, by which it is highly 
probable their action is performed: and though 
I have elfewhere fhewn, that this precedent 
rubbing is not always necefiary to excite all 
electrical bodies ; yet in thofe, that I made to 
attract without it, it would operate much 
more vigoroufly after attrition s.which I con- 
ceive makes a reciprocal motion amongft the 
more ftable parts, and does thereby, as it were, 
difcharge and fhoot out the attracting cof- 
pufcles; whofe real emiffion, though it may 
be probably argued frorn what has been already 
faid, feems more ftrongly provable by an ob- 
fervation, that] made many years ago, and 
which I have been lately informed to have 
been long fince made by the very learned Fa- 
bri. The obfervation was this; that if, when 
we took a vigoroully excited electrick, we did 
at a certain nick of time (which circumftances 
may much vary, but was ufually almoft as foon 
as 
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as the body was well rubbed) place it at a juft 
diftance from a fufpended hair, or other hight 
body, or perkaps from fome light powder ; the 
hair, &c. would not be attracted to the elec- 
trick, but driven away from it, as it feemed, 
by the brifkly moving fteams, that iffue out of 
the amber, or other light body. a 

Turis argument I could confirm by ano- 
ther phanomenon or two, of affinity with this, 


if I fhould not borrew too much of what I. 


have elfewhere noted about the hiftory of c- 
leétricity. 

I know a certain fubftance, which, though 
made by diftillation, does in the cold emit but 
a very mild and inoffenfive fell, but when 
the veffel, that holds it, is heated, though no 
feparation of confticuent principles appear to 
be thereby made, (the body being in all ufual 
trials homogeneous) the effuviums wil] be fo 
alrered, that I remember a virtuofo, that, to 
fatisfy his curiofity, would needs be fimelling 
to it, when it was heated, complained to me, 
that he thought the {teams would have killed 
him, and that the effluviums of fpirit of fal 
armoniack itfelf were nothing near fo ftrong 
and piercing as thofe, 

Awp even among folid bodies, I know 
fome, which, though abounding much in a 
fubttance, wherein fome rank fmells principally 
refide, yet (if they were not chafed) were 
fcarce at ali fenfibly odorous; but upon the 
rubbing of them a little one againft the other, 
the attrition making them, as it were, dart out 
their emifions, would in a minute or two make 
them ftink egregioufly. 

_Anp as the celerity of motion may thus 
five 4 vigour to the emanations of bodies, fo 
there may be other modifications of motion, 
that may contribute to the fame thing, and 
are not to be wholly neglected in this place. 
For as we fee, that greater bodies do operate 
differingly, according to fuch and fuch modifi- 
‘cations ; as there 1s a great difference between 
the effects of a dart, or javelin, fo thrown, as 
that its point be always forwards, and the 
fame weapon, if it be fo thrown, that during 
its progreflive motion the extremes turn about 
the center of gravity, or fome inward parts, 
as it happens, when boys throw fticks to beat 
down fruit from the tops of trees ; fo there is 
little doubt to be made, but, that in corpuf- 
cles themfelves, it is not all one, as to their 
effects, whether they move with, or without 
rotation, and whether in fuch or fuch a line, 
-and whether with, or without undulation, trem- 
bling, or fuch a kind of confecution ; and in 
fhort, whether the motion have, or have not 
this or that particular modification ; which, 
how much it may diverfify the effects of the 
bodies moved, may. appear by the motion, 
that the aerial particles are put into by mufical 
inftruments. For though the effeéts of har- 
mony, difcord, and peculiar founds, be fome- 
times very great, not only in human bodies, 
but, as we fhall fhew in the following traét, in 
organical ones too; the whole efficacy of mu- 
fick, and of founds, that are not extraordina- 
riuy loud and different, feems, as far as it is 
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afcribable to fonorous bodies, to depend upon 
the different manners of motion, whereinto that 
air is put, that makes the immediate impref- 
fion ‘on our organs of hearing, 


CHAP. Y. 


SHOULT now proceed to thew, how 
the celerity and other modes, that diver- 
fify the motion of effluviums, may be affifted 
to make them operative by their determinate 
fizes and figures, and the congruity, or incon- 
egruity, which they may have upon that fcore, 
with the pores of the grofler bodies they are 
to work on: but I think it not fit to entrench 
upon the fubject of another * tract, where the 
relation between the figures of corpufcles, and 
the pores of groffer bodies, is amply enough 
treated of. And therefore I fhall only, in this 
place, take notice of thofe effects of light- 
ning, which feem referrible, partly to the ce- 
lerity and manner of appulfe, and partly to 
the diftinét fizes and fhapes of the corputcles, 
that compofe the deftructive matter, and to 
the peculiar relation between the particles of 
that matter, and the ftructure of the bodies 
they invade. I know, that many ftrange 
things, that are delivered about the effects of 
what the Latins call fu/men, which our Englifh 
word lightning does not adzequatcly render, are 
but fabulous; but there are but too many, 
that are not fo; fome of which I have been 
an eye-witnefs of, within lefs than a quarter 
of an hour after that the things happened. 
And though it be very difficult to explicate 
particularly many of thefe true phenomena, 
yet it feems warrantable enough to argue from 
them, that there may be agents fo qualified, 
and fo {wiftly moved, that notwithftanding 
their being fo exceedingly minute, as they 
mutt be, to make up a flame, which is a fluid 
body, they muft, in an imperceptible time, 
pervade folid bodies, and traverfing fome of 
them, without violating their texture, burn, 
break, melt, and produce other very great 
changes in other bodies, that are fitted to be 
wrought on by them. And of this, I mutt 
not forget to mention this remarkable in- 
{tance ; that a perfon, curious enough to col- 
JeCt_ many raritics, bringing me one day into 
the ftudy, where he kept the choiceft of them, 
I faw there, among other things, a fine pair 
of drinking-glaffes, that were fomewhat flen- 
der,-but extraordinarily tall; they feemed to 
have been defigned to refemble one another, 
and made for fome drinking entertainment, 
But before I faw them, that refemblance was 
much leffened by the lightning, that fell be- 
tween them in fo ftrange a manner, that, 
without breaking either of them, that I could 
perceive, it altered a little the figure of one 
of them, near the lower part of the cavity ; 
but the other was fo bent, near the fame place, 
as to make it ftand quite awry, and give it a 
pofturé, that I beheld not without fome amaze- 
ment. And I cannot yet but look upon it as 
a very ftrange thing, and no lefs conliderable 
to our prefent purpofe, that nature fhould, 
in 
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in the free air, make of exhalations, and that 
fuch as probably, when they afcended, were 
invifible, fuch an aggregate of corpufcles, as 
fhould, without breaking fuch frail bodies as 
glafies, be able in its pafflage thorough them, 
that is, in the twinkling of an eye, to melt 
them; which to do is wont, even in our re- 
verberatory furnaces, to coft the active flames 
a pretty deal of time. 

Anp this calls into my memory, that upon 
a time, hearing not far off from me fucha 
clap of thunder, as made me judge and fay, 
that queftionlefs fome of the neighbouring 
places were thunder-ftruck, I fent prefently 
to make enquiry; which having juftified my 
conjecture, I forthwith repaired to the houfe, 
where the mifchief was done by fomething, 
which thofe, that pretended to -have feen it 
coming thither, affirmed to be like a flame 
moved very obliquely. To omit the hurt, 
that feemed to have been done by a wind, 
that accompanied it, or was perhaps produced 
by it, to divers perfons and cattle; that, which 
makes me here mention it, was, that obfery- 
ing narrowly what had happened in an upper 
room, where it firft fell, I faw, that ic had, 
in more than one place, melted the lead in its 
paffage, though that poffibly outlafted not the 
twinkling of an eye, without breaking to 
pieces the glafs-cafements, or burning, that 
I took notice of, either the bed, or hang- 
ings, or any other combuftible houfhould-ftaff, 
though, near the window, it had thrown down 
a good quantity of folid fubftance of the wall, 
through which it feemed to have made its 
paffage in or out. And that, which made me 
the lefs fcruple to mention this accident, ‘is, 
that having curioufly pryed into the effects of 
the fulmen, not only in that little upper room, 
but in other parts of the houfe, beneath whofe 
lowermoft parts it feemed to have ended its 
extravagant courfe, I could not but conclude, 
that if fo be it were the fame fulmen, it mutt 
have more than once gone in and out of the 
houfe, and that the line of its motion was 
neither ftrait, nor yet reducible to any curve, 
or mixed line, that | had met with among ma- 
theimaticians ; but that, as I then told fome 
of my friends, it moved to and fro in an ex- 
travagant manner, not unlike the irregular and 
wriggling motion of thofe fired fquibs, that 
boys are wont to make by ramming gunpow- 
der into quills. But about thunder, more per- 
haps elfewhere. I fhall here only add, that 
whereas it is a known tradition, which my 
own obfervations heedfully made feem now 
and then to confirm, that vehement thunder, 
if beer be not very ftrong, will ufually, (for 
I do not fay always,) four it in a day or two ; 
if this degeneration be not one of the con- 
fequences of the great and peculiar kinds of 
the concuffions of the air, that happens in 
Joud thunder (in which cafe, the phzenomenen 
will belong to the next difcourfe,) the effect 
may probably be imputed to fome fubtil ex- 
halations diffufed thorough the air, which, pe- 
netrating the pores of the wooden veffels, 
whofe contexture is not very clofe, imbue the 
liquor with a kind of acetous ferment 3 which 
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conjeGture I fhould think much confirmed by 
a trial, it fuggefted to me, if I had made it 
often enough to rely upon it. For confider- 
ing, that the pores of glafs are ftrait enough 
to be impervous (for aught I have yet ob- 
ferved) to the fteams, or fpirituous parts of 
fulphur, as well as to other odorous exhala- 
tions, [ thought it worth trying, whether there 
be any fulphureous fteams, or other corpufcles, 
diffufed thorough the air in time of thunder, 
that would not be too grofs to get in at fich 
minute pores as thofe of glafs. And accord- 
ingly, having hermetically fealed up both beer 
and ale apart, I kept them in fummer time, till 
there happened a great thunder, a day or two 
after which, the beer, which we drank, chat 
was good before, being gencrally complained 
of, as foured by the thunder, I fuffered my li- 
quors to continue, at leaft a day or two longer, 
that the fouring fteams, if any fuch there 
were, might have time enough to operate upon 
them, and then breaking the glaffes, I found 
not, that the liquors had been toured, though 
we had purpofely forborn to All the glaffes, 
to facilitate the degeneration of the liquors. 
Perhaps it will be pardonable, on this occafion, 
to mention a practice, which is ufual in fome 
places, where I have been, and particularly em- 
ployed by a great dJady, that is a great houfe- 
keeper, and is very curious and expert in di- 
vers phyfical obfervations; for, talking with 
her about the remedies of the fouring of beer, 
and other drinks, by thunder, which is fome- 
times no {mall prejudice to her, fhe affirmed 
to me, that fhe ufually found cthe- practice, I 
was mentioning, fucceed; and, that before 
the then laft great thunder, of which I had 
obferved the effeéts upon beer, fhe preferved 
hers by putting, at a convenient diftance, un- 
der the barrels, chaffing-difhes of coals, when 
fhe perceived, thatthe thunder was like to be- 
gin, which practice, if it conftantly fucceed, 


‘may put one a confidering, whether the fire 


do not, by rarifying the air, and difcuffing 
the fulphureous, or other fteamns, by altering 
them, or by uniting wich them the exhalations 
of the coals, or by fome fuch kind of way, 
render ineffectual thefe fouring corpufcles, 
which perhaps require a determinate bulk and 
fhape, befides their being crowded very many 
of them together, to have their full operation 
on barrelled liquors. But thefe things are but 
meer conjeCtures, and therefore I proceed. 


CHAP. VI. 


HE fifth way, whereby efluviums may 
‘TT perform notable things, is the motion 
of one part upon another, that they may ex- 
cite, or occafion in the body they work on, ac- 
cording to its ftructure. 

J ihall, in the following tract, have occafion 
to fay fomething of the motions, into which 
the internal parts of inanimate bodies may put 
one another ; but the examples now produced 
are defigned to manifeft the efficacy, that ef- 
fluviums may, on the newly-mentioned ac- 
counts, have on organical and living bodies. 
To which inftances, it would yet be proper to 
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premife, that even irianimate and folid bodies 
may be of fuch a ftru¢cture, as to be very much 
alterable by the appropriated efluviums of o- 
ther bodies, as may be inftanced in the power, 
that I have known fome ,vigorous load-ftones 
to have, of taking away, in a trice, the attrac- 
tive virtue of an excited needle, or giving a 
verticity directly contrary to the former, with- 
out fo much as touching it. 

AND we may pertinently take notice of the 
attractive virtue of the load-ftone, as that, which 
may afford us an eminent example of the great 
power of a multitude of invifible efluviums,even 
from bodies, that are not great, upon bodies, that 
are inorganical or livelefs: for taking 1t for grant- 
ed, what both the Epicureanr, Cartefians, and 
almoft all other corpufcularian philofophers a- 
gree in, that magnetifm is performed by cor- 
poreal emiffions, we may confider, that thefe 
paffing unrefiftedly thorough the pores of all 
folid bodies, and even glafs itfelf, which nei- 
ther the fubtileft odours, nor electrical exhala- 
tions, are obferved to do, feem to be almoft 
incredibly minute, and much {maller than any 
other effluviums, though themfelves too {mall 
to be vilible ; and yet thefe fo incomparably 
little magnetical eMuxions proceeding from vi- 
gorous load-ftones, will be able to take up con- 
fiderable quantities of fo ponderous a body as 
won; infomuch, that I have feen a load-f{tone, 
not very great, that would keep fulpended a 
weight of iron, that I could hardly lift up to 
it with one arm; and I have feen a little one, 
with which Icould take up above eighty times 
its weight. And thefe effuvia do not only 
for a moment falten the iron to the ftone, but 
keep the metal fujpended as lone as one 
_pleafes. 

Tuis being premifed, I come now to ob- 
ferve, that the chief effects of efMluvia belong- 
ing to the fifth head are wrought upon ani- 
mals, which, by virtue of their curious and e- 
laborate flructure, have their parts fo conne¢t- 
ed, and otherwife contrived, that the motions 
or changes, that are produced in one, may 
have, by the conifent of parts, a manifeft ope- 
ration upon others, although perhaps very dif- 
tant from it, and jo framed, as to declare their 
being affected by actions, that feem to lave 
no afhnity at all with the agents, that work 
upon the part firft affected. 

_ [have fhewn at large, in another * treatife, 

that a human body ought not to be looked 
upon mecrly as an aggregate of bones, ficth, 
and other confiftent parts, but as a moft cu- 
rious, anda living engine, fome of whofe parts, 
though fo nicely framed, as to be very eafily 
affected by external agents, are yet capable of 
having great operations upon the other parts 
of the body they help to compofe. Where- 
fore, without now repeating what is there al- 
ready delivered, I fhall proceed to deliver fuch 
effects, as are wrought on human bodies by 
thefe efMuviums, without any immediate con- 
tact of the bodies, that emit them. 

Anp firft, not to mention light, becaufe 
its being, or not being a corporeal thing, is 
much difputed, even among the moderns ; it 
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is plain, that our organs of fnielling are fen- 
fibly affected by fuch minute particles of mat- 
ter as the fineft odours confift of. Nor do 
they always affect us precifely as odours, fince 
we fee, that many perfons, both men and wo- 
men, are by fmells, either iveet or ftinking, 
put into troublefome head-achs. 

Ir it were not almoft ordinary, it would be 
more than almoft incredible, that the {mell of 
a pleafing perfume fhould prefently produce, in 
a human body, that immediately before was 
well and ftrong, fuch faintneffes, fwoons, lofs 
of fenfible refpiration, intumefcence of the ab- 
domen, feeming epileplies, and really convul- 
five motions of the limbs, and I know not 
how many other frightful fymptems, that, by 
the unfkilful, are often taken for the effects of 
witchcraft, ‘and would impofe upon phyficiafs 
themfelves, if their own, or their predeceffors 
experience, did not furnifh them with exam- 
ples of the like phanomena produced by na- 
tural means. Thofe fymptoms manifeft, what 
the confent of parts may do in a human body ; 
{ince even morbifick odours, if I may fo call 
them, by immediately affecting the organs of 
{melling, affect fo many other parts of the ge- 
nus nervofum, as oftentimes to produce con- 
vulfive motions, even in the extreme parts of 
the hands and feet. 

Nor is the efficacy of effuviums confined 
to produce hyfterical fits, fince thefe invifible 
particles may be able, and fomctimes as fud- 
denly, as perfumes are wont to excite them, 
to appeafe them; as I have very frequently, 
though not with never-failing fuccefs, tried, by 
holding a {pirit, I ufually make of fal arme- 
niack, under the noftrils of hyfterical perfons. 
My remedy did not only often recover, ina 
trice, thofe, whofe fits were but ordinary, but 
did, more than once, fomewhat to the wonder 
of the by-ftanders, relicve, within a minute or 
two, perfons of differing ages, and conftitu- 
tions, that were fuddeniy fallen down by fits, 
that the by-ftanders judged epileptical, but J, 
hyfterical. 

I attribute the good and evil operations of 
the fore-mentioned ftcams, rather in ceneral 
to the content of the parts, that make up the 
genus nervofum, than to any hidden fympa- 
thy, or antipathy, betwixt them and the womh, 
not only for other reafons, not proper to be 
infifted on here, but bceaufe 1 have known 
odours have notable cffects even upon men. I 
know a very eminent perton, a traveller, and 
a man of a {trong conttitution, but confidera- 
bly fanguine, who is put into violent hcead- 
achs by the imell of mufk, And I remember, 
that one day being with him, and a great ma- 
ny other men of note, about a publick af- 
fair, a man, that had a parcel of mufk abouz 
him, having an occafion to make an applica- 
tion to us, this perfon was fo difordered by 
the {mell, which to molt of us was delightful, 
that, in f{pite of his civility, he was reduced to 
make us an apology, and fend the perfumed 
man out of the room; notwithitanding whofe 
recefs, this perfon complained to me, a good 
while alter, of a violent pain in his head, 

which. 
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which I perceived had fomewhat unfitted him 
for the tranfaction of the affair, whereof he was 
to be the chief manager. I know another per- 
fon, whofe happy mufe hath juftly made him 
many admirers, that is fubjeét to the head-ach 
upon fo mild a fmell, as that of damafk rofes, 
and fometinies even of red rofes; infomuch, 
that walking one day with him in a garden, 
whofe alleys were very large, fo that he might 
eafily keep himfelf at a diftance from the 
bufhes, which bore niany of them red rofes ; 
he abruptly broke off the difcourfe we were 
engaged in, to complain of the harm the 
perfume did his head, and defired me to 
pafs into a walk, that had no rofes growing 
near it. | 

Ir it were not for the fex of thé perfon, I 
could relate an inftance, that would be much 
more confiderable, of the operation of rofes. 
For I know a difcreet lady, to whom their fmell 
is not unpleafing, (for fhe anfwered me, that it 
was not fo at all) but fo hurtful, that it pre- 
fently makes her fick, and would make her 
Iwoon, if not feafonably prevented: and fhe 
told me, that being once at a court, in which 
fhe was a maid of honour, though fhe herfelf 
did thot know whence it came, fhe found her- 
felf extremely ill on a fudden, and ready to 
fink down for faintnefs ; but being then in dif 
courfe with a‘perfon, whofe high quality fhe 
payed her profound refpect to, her civility, 
that kept her fiom ‘cofmplaining, ‘or withdraw- 
ing, might have been dangerous, if not fatal 
to her, had not the princefs, who was {peaking 
with her, and who knew her antipathy to rofes, 
taken notice, that her face grew ftrangely pale, 
and was covered with a cold fweat. For there- 
by prefently gueffing what might be the caufe, 
which the fick lady herfelf did not, fhe afked 
&loud, whether fome body ‘had not brought 
rofes (Which were then in feafon) into the bed- 
chamber, which queftion occafioned a fpeedy 
withdrawing of a lady, that {tood at a diftance 
off, and had about her rofes, which were not 
feen by the patient, who was by this means 
preferved from falling mnto a fwoon, though 
not from being fer a while very much dif- 
compofed. 

But this you may tell me was the cafe of 
a woman, who complained her malady affect- 
ed her heart, not her head. Wherefore re- 
turning to what I was {peaking of before I 
mentioned her, I fhall proceed to tell you, that 
as odours may thus give men the head-ach, fo 
I have often found the fmell of re€tified fpirit 
of fal armoniack to free men, as well as wo- 
men, from the fits of that diftemper ; and that 
fometimnes in fo few minutes, that the perfons 
relieved could icarcely imagine, they could fo 
quickly be {o, 

To which I fhall not add the trials, that I 
have fucceisfully made upon myfelf, becaufe 
being, thanks be to God, very ieldom trou- 
bled with that diftemper, the occafions I have 
had of making them have not been many. 
And though I have not always found fo flight 
a remedy to work the defired cure, yet that it 
_ does it often, even in men, is fufficient to fhew 

the cficacy of fanative efiuviums. 
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Now to manifeft, that fteams do not ope- 
rate only upon hyfterical women, or perions 
fubject to the head-ach, I will add fome in- 
ftances of the effetts they may produce upon 
Other perfons, and parts. 

It is but too well known an obfervation, 
that women with child have been often made 
to mifcarry by the ftink Of an ill-extinguifhed 


candle, though perhaps the fmoke afcending 


from the {nuff were diffipated into the invifi- 
ble corpufcles, a good while before it arrived 
at the noftrils of the unhappy wonian; and 
what violent and {training motions abortions 
are frequently accompanied with, is fufficiently 
known already. 

I think I have elfewhere mentioned, that a 
gentleman of my acquaintance, a proper and 
lufty nian, will be put into the fits of vomit- 
ing by the {mell of coffee, boiled in water. I 
fhall therefore father mention, that I know a 
phyfician, who having been, for a long time, 
when he was young, frequently compelled to 
take electuarium lenitivum, one of the gen- 
tleft and leaft unpleafant laxatives of the fhops, 
conceived fuch a diflike of it, that ftill, as 
himfelf has complained to me, if he fmell to 
it, aS he fometimes happens to do in apothe- 


caries fhops, it will work (now and then for 


feveral times) upwards and downwards with 
him. | . 

I know another very ingenious perfon of 
the fame faculty, that has been a traveller by 
fea and land, who has complained to me, that 
the fmell of the greafe of the wheels of a 
hackney-coach, though it do but pafs by him, 
is wont to make him fick, and ready to vomit. 

Every body knows, that fmoke is apt to 
make mens eyes water, and excite, in the or- 
gans of refpiration, that troublefome and ve- 
Rhemént commotion we call coughing. But 
we need not have tecourfé at all to vifible 
fumes, for the production of the like effects ; 
fince we have often obierved them, and re- 
peated {neezings to boot, to proceed f.om the 
invifible fteams of fpirit of fal armoniack, when 
vials containing that liquor; though they were 
perhaps but very finall, wete approached too 
haftily, or, perhaps, too neir to the noftril.. 

Aw op becaufé in moft of the foregoing in- 
{tances, the chief effects feem to be wrought, 
by the confent of parts, on the genus nervd~ 
fam, and the action of one of them upon the 
other, and thereby upon feveral other parts of 
the body, I will fubjoin a remarkable inftance 
of the operation of a mild and grateful odour 
upon the humours themfelves, and that ina 
man. 

. A famous apothécary; who is a very tall 
and big man, feveral times told -me, that 
though he was once a great lover of rofes, yet 
having had occafion to employ great quanti- 
ties of them at a time, he was fo altered by 
their fteams, that now, if he come among the 
rofe-bufhes, the fmell does much difcompole 
him. And the odour of rofes, (I mean in- 
carnate-rofes, which we commonly call damafk- 
rofes, though they be not the true ones) makes | 
fuch a colliquation of humours in his head, 
that it fets him a coughing, and makes him 

run 
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‘sun at the nofe, and gives him a fore throat , 


-and by an affluence of humours makes his 
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Meteor. 
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eyes fore, infomuch, that during the feafon of 
rofes, when quantities of them are brought 
into his houfe, he is obliged, for the moft part, 
to abient himfelf from home. 


CHAP. VIL. 


w™ NE may fhew, on this oceafion, that as 

there might be confiderable things per- 
formed by effluviums, as they make one part 
of a living engine work upon another by vir- 
tue of its ftruéture, fo the action of fuch invi- 
fible agents may, in divers ‘cafes, be much pro- 
moted by the fabrick and laws of the univerfe 
itlelf, upon this account, that, by the opera- 
tion of effluvia upon particular bodies, they 
may difpofe and qualify thofe bodies to be 
‘wrought upon, which before they were not fit 
to be, by light, magnetifms, the atmofphere, 
cravity, or fome other of the more catholick 
agents of nature, as the world is now contfti- 
tuted. But not to injure another tract, I fhall 
conclude this, when I fhall have taken notice, 
that in the inftances hitherto produced, there 
has been a vifible loca! diftance between the 
body that emits ftreams, and that on which 
they work. But if I thought it neceffary, it 
were not difficult to fhew, that one might well 
enough refer to the title of this tract divers 
effects of bodies, that are applied immediately 


to ours; fuch as are blood-ftones, cornelians, 
nephritick ftones, lapis Malacenfis, and fome 
amulets, and other folid fubftances, applied by 
phyficians outwardly to our bodies. For in 
thefe applications the grofs body touches but 
the fkin, and the great effects, which I elfe- 
where relate myfelf to have fometimes (though 
not often, much lefs always) obferved to have 
followed upon this external contact, or near 
application, may reafonably be derived from 
the fubtil emanations, that pafs thorough the 
pores of the fkin to the inward parts of the 
body : as is evident in thofe, who by holding 
cantharides in their hands, or having them ap- 
plied to fome remote external part, have 
grievous pains produced in their urinary parts, 
as it has happened to me, as well as to many 
others. And to the infinuation of thefe mi- 
nute corpufcles, that get in at the pores of the 
fin, feems to be due the efficacy of fome 
medicines, that purge, vomit, refolve the hu- 
mours, or Otherwife notably alter the body, 
being but externally applied ; of which I could 
here give feveral inftances, but that they be- 
long more properly to another place, and are 
not neceffary in this, where it may fuffice to 
name the notorious power, that mercurial oint- 
ments, or fumes, either together, or apart, 
have of producing copious falivations, to fhew 
in general, that both the fteams, and the ema- 
nations of outwardly-applied medicinal bodies, 
may have fome great effects on human ones. 
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HE effuviums of bodies, yrophi- 

lus, being for the moft part invifible, 

have been wont to be {fo little con- 
fidered by vulgar philofophers, that {carce 
vouchfafing to take notice of their exiftence, 
it is nO wonder, that men have not been {oli- 
citous to difcover their diftinét natures and 
differences, Only /riffotle, and, upon his ac- 
count, the {chools, have been pleafed to think, 
that the two grand parts of our globe do 
fometimes emit two kinds of exhalations, or 
fteams; the earthy part affording thofe, that 
are hot and dry, which they name fumes, and 
very often, fimply, exhalations ; and the aque- 
ous part, others, that are (not as many of his 
difciples miftake him to have taught, cold and 
moift, but) hot and moift *, which they ufu- 
ally call vapours, to difcriminate them from 
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the fumes, or exhalations, though otherwile, 
in common acceptation, thofe appellations are 
very frequently confounded. 

But, though the riffotelians have thus 
perfunctorily handled this fubject, it would 
not become corpuicularian philofophers, who 
attribute fo much as they do to the infenfible 
particles of matter, to acquiefce in fo flight 
and jejune an account of the emanations of 
bodies. And fince we have already fhewn, 
that befides the greater and more fimple 
maffes of terreftrial and aqueous matter new- 
ly mentioned, there are very many mixed bo- 
dies, that emit effuviums, which make, as 
it were, little atmofpheres about divers of 
them, it will be congruous to our doétrine 
and defign, to add in this place, that befides 
the flight and obvious differences, taken no- 
tice of by Ariffotle, the fteams of bodies may 
be almoft as various, as the bodies themfelves, 

that 
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that emit them ; and that therefore we ought 
not to look upon them barely under the ge- 
neral and confufed notion of fmoke, or va- 
pours, but may probably conceive them to 
have their diftinét and determinate natures, of- 
tentimes, though not always, fuitable to that 
of the bodies from whence they proceed. 

Anp indeed, the newly-mentioned divifions 
of the {chools gives us fo flight an account of the 
emanations of bodies, that, methinks, it looks 
like fuch another, as if one fhould divide animals 
into thofe, that are horned, and thofe, that have 
two feet: for, befides that the diftinction is taken 
from a difference, that is not the confiderableft, 
there are divers animals, as many four-footed 
beafts, and fifhes, that are not comprifed in it; 
and each member of the divifion comprehendls 
I know not how many diftinét forts of ani- 
mals, whofe differences from one another are 
many times more confiderable,than thofe, that 
conftitute the two fupreme genus’s, the one 
having bulls and goats, and rhinoceros’s, and 
deer, and elks, and certain fea-monfters, whofe 
horns I have feen; and the other genus com- 
prifing alfo a greater variety, namely, a great 
part of four-footed beafts, and, befides men, 
all the birds (for aught we know) whether of 
Jand or water. And as it would give us but 
a very flender information of the nature of 
an elk, or an unicorn, to know, that it is an 
horned beaft; or of the nature of a man, an 
eagle, or a nightingale, to be told, that it 1s 
an hornlefs beaft; fo it will but very little 
inftruct a man in the nature of the fteams of 
quickfilver, or of opium, to be told, that 
they are vapours hot, or rather cold, and moitt ; 
or of the {teams of amber, or cantharides, or 
cinnamon, or tobacco, to be told, that they 
are hot and dry. For, befides that there may 
be effuviums, which, even by their elemen- 
tary qualities, are not of either of thefe two 
fupreme genus’s, (for tlcy may be cold and 
dry, or cold and moitft,) thefe qualitics are of- 
ten far from being the nobleft, and confe- 
quently thofe, that deferve to be moft con- 
fidered in the effluviums of this, or that 
body; as we fhall by and by have occafion to 
manitett. 

CHAP. Il. 

ND here it may not be improper to 
| mention an experiment, that, I remem- 
ber, I divers years fince employed to illuftrate 
the fubject of our prefent difcourfe. 

I confidered then, that fluid bodies may be 
of very unequal denfity; and gravity, as is 
evident in quickfilver, water, and pure fpirit 
of wine; which, notwithftanding their great 
difference in fpecifick gravity, may yet agree 
in the conditions requifite to fluid bodies. 
Therefore prefuming, that by what I could 
make appear vifible in one, what happens ana- 
logically in the other, may be ocularly illu- 
ftrated, I took fome ounces of roch-allom, 
and as much of fine falt-petre. 
ounces of each, becaufe, if the quantity of 
the ingredients be too fimall, the concoagulated 
srains will be fo too, and the fuccefs will not 
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be fo confpicuous. Thefe being diffolved to- 
eether in fair water, the filtrated folution was 
‘et to evaporate in an open-mouthed glafs, and 
being then left to fhoot in a cool place, there 
were faftned to the fides, and other parts of 
the glafs, feveral {mall cryftals, fome octoe- 
drical, which is the figure proper to roch 
allom, and others of the prifmatical fhape of 
pure falt-petre ; befides fome other faline con- 
cretions, whofe being diftinétly of neither of 
thefe two fhapes, argued them to be concoa- 
gulations of both the falts. And this we did, 
by ufing fuch a degree of celerity in evaporat- 
ing the liquor, as was proper for fuch an effect. 
For, by another degree, which is to be em- 
ployed, when one would recover the ialts more 
diftinctly and manifeftly, the matter may, 
as I found by trial, be fo ordered, that the 
alununous falt may, for the moit part, be firft 
coagulated by itfelf, and then, from the re- 
maining, liquor, curioufly fhaped cryftals of 
nitre may be copioufly obtained. 

Terratcs like this we alfo made with other 
falts, and particularly with fea-falt, and with 
allom and vitriol; the phenomena of which 
you may meet with in their due places. For 
the recited experiment may, I hope, alone 
ferve to affift the imagination to conccive, 
how the particles of bodies may fwim to and 
fro in a fluid, (which the air is,) and though 
they be little enough to be invifible, may, 
many of them, retain their diftinct and de- 
terminate natures, and their aptnefs to cohere 
lipon occafion ; and others may, by their va- 
rious occurfions and coalitions, unite into leffer 
corpufcles, or greater bodies, differing from 
the more fimple particles, that compofed them, 
and yet not of indeterminate, though com- 
pounded figures, 

CH AP. Il. 

FIESE things being premis’d, we may 

now proceed to the particular inftances 
of the determinate nature of effluviums ; and 
thefe we may not inconveniently reduce to 
the three following heads, to each of which 
we fhall affign a dittinét chapter; the frft of 
thefe I fhall briefly treat of in this third chap- 
ter, and treat fomewhat more largely of the 
others in the two following. 

In the firft place then, that the efluviums 
of many bodies retain a determinate nature 
oftentimes in an invifible fimallnefs, and oftener 
in fuch a fize, as makes them little enough to 
fly or {with in the air ; may appear by this, 
that thefe efluvia being, by condenfation, or 
otherwife, re-united, they appear to be of the 
fame nature with the body, that emitted them. 
Thus in moift weather, the vapours of water, 
that wander invifibly through the air, meeting 
with marble-walls, or pavements, ot other bo- 
dies, by their coldnefs and other qualifications, 
fit to condenfe and retdin them, appear again 
in the form of drops of water ; and the fame 
vapours return to the vifible form of water, 
when they fall out of the air in dews, or rains. 

YUICK SILVER it felf, if it be made to 
afcend in diflillation with a convenient degree 
4. P of 
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oF fire, will alimoftall be found again ia the receiver 
in the form of runring mercury. Which ftrange 


and piercing Muid ts in fome cafes fo difpofed | 


to be ftripped of its difguifes, and re-appear in 
its own form, that civers artificers, and efpe- 
cially gilders, have found, to their coft, that 
the furnes of it need not be, asin diftillation, 
included in cloie veffels to return to their pril- 
tine nature, mercury having been feveral times 
found in the heads, and other parts of fuch peo- 
ple, who have, in traét of time, been killed 
by it, and fometimes made to difcover itfelf 
during the lives of thofe, that dealed fo much 
in it; of which I elfewhere give fome in- 
flances. Wherefore I fhall only obferve at 
prefent, that it isa common practice, both a- 
meng gilders, and fome chemifts, that, when 
they have occafion to make an amalgam, or 
force away the mercury from one by the fire, they 
keep gold in their mouths, which by the mer- 
curial fumes, that wander through the air, will 
now and then, by that time it is taken out of 
their mouths, be turned white almoft, as if 
it had been filvered over. 

A mafs of purified brimftone being fub- 
limed, the aicending fumes will condenfe into 
what the chermifts call flores Sulphuris, which is 
true fulphur of the fame nature with that, for- 
merly expofed to fublimation ; and may readily, 
by melting, be reduced into fuch another mafs. 

AND to give you another hke example of 
dry bodies ; I tried, that by fubliming good 
camphire in clofe veffels, ic would all, as to 
fenfe, be raifed into the upper veffel, or part 
of the fubliming-glafs, in the form of dry cam- 
phire, as it was before. 

Nay, though a body be not by nature, but 
art, compounded of fuch differing bodies, as a 
metal and another mineral, and two or three 
falts ; yet, if upon purification of the mixture 
from its groffer parts, the remaining and finer 
parts be minute enough and fitly fhaped, the 
whole liquor will afcend, and yet in the re- 
ceiver altogether recover its priftine form of a 
tran{fparent ‘fluid, compofed of differing faline 
and mineral parts, This 1s evident in the dif- 
tillation of what chemifts call butter, or oil of 
antimony, very wellrectified. For this liquor 
will pas into the receiver diaphanous and fluid, 
though, befides the particles of the fublimate, 
(which is it felf a factitious compounded body) 
it abounds ‘with antimonial corpufcles, carried 
over and kept invifible by the corroding falts ; 
whatever Angelus Sala, and thofe chemitts, 
that follow him, have affirmed to the contrary, 
as might be eafily here proved, if this were a 
fit place to do itin. 

I found by enquiring of an ingenious per- 
fon, that had an intereft in a tin-mine, that I 
was not deceived in gueffing, that tin it felf, 
though a metal, whofe ore is of a very difficult 
fufion, and which I have by it felf kept long 
upon the cupe! without finding it to fly away, 
would yet retain its metalline nature in the 
form of fumesor flowers, Tor this experienced 
centleman anfwered me, that divers times they 
would take great ftore of a whitifh fublimate 
from the upper part of the furnaces or chim- 
nies, where they brought their ore to fufion, 


or wrought further upon it; and that this fub- 
limate, though perhaps elevated to the height 
of an ordinary man, would, when melted 
down, afford at once many pounds of very 
goodtin, On which occafion I fhall add, thar 
I have my felf, more than once, raifed this 
metal in the form of white corpuicles by the 
help of an additament, that did fcarce weigh 
half fo much as it. 


CHAP. IV. 
‘1 fecond way, by which we may dif 


cover the determine nature of effuviums, 
is, by the difference, that may fometimes be 
obferved in their fenfible qualities. For thele 
effuviums, that are endowed with them, pro- 
ceed from the fame fort of bodies, and yet 
thofe afforded by one kind of bodies being in 
many cafes manifeftly differing from thofe, 
that fly off from another, this evident difparity 
in their exhalations argues their retaining dif- 
tinct natures, according to thofe of the refpec- 
tive bodies whence they proceed. 

I will not now ftay to examine, whether in the 
{teams, that are made vifibly to afcend from 
the terreftrial globe by thofe grand agents and 
ufual raifers of them, the fun, and the agita- 
tion of the air, the eye can manifeftly diftin- 
cuifh the diverfity of colours: but in fome 
productions of art, fuch different colours may be 
difcovered in the exhalations, even without the 
application of any external heat to raife them. 
For, when fpirit of nitre, for example, has 
been well reétified, I have often obferved, that 
even in the cold the fumes would play in the 
unfilled part of the {topped vials it was kept in, 
and appear in it of a reddifh colour, and if 
thofe veffels were opened, the fame fumes 
would copioufly afcend into the air, in the 
form of a reddifh or orange-tawny {moke. 
{pirit, or oil of falt alfo, if it be very well de- 
phlegmed, though it will fcarce in the cold vi- 
fibly afcend in the empty part of a vial, whilft 
itis kept well {topped ; yet, if the free air be 
allowed accefs to it, it will, in cafe it be fuffi- 
ciently rectified, fly up in the form of a whitifh 
fume. But this is inconfiderable, in comparifon 
of what happens in a volatile tincture of ful- 
phur I have elfewhere taught you to make 
with quick-lime. For, not only upon a flight 
occafion, the vacant part of the vial will be 
filled with white fumes, though the glafs be 
well {topped ; but upon the opening the vial 
thefe fumes will copioufly pafs out at the neck, 
and afcend into the air in the form of aimoke, 
more white, than perhaps you ever faw any. 
And both this and that of the fpirit of fale- 
petre do, by their operation, as well as fmell, 
cifclofe what they are ; the Jacter being of a 
nitrous nature, (as is confeffed) and the for- 
mer, of a fulphureous: in fo much, that 
having, for curiofity’s fake, in a fitly fhaped 
glafs, caught a competent quantity of the al- 
cending white fumes, I found them to have 
convened into bodies tranf{parent and geome- 
trically figured, wherein it was eafy to ditco- 
ver, by their fenfible qualities, that there were 
{tore of fulphureous particles mixed with the 


faline ones. That the hquors of vegetables,, 
diftilled 
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diftilled 72 dalzeo, or in water, are’ not wont to 
retain any thing of the colour of the bodies, 
that afforded them, isa thing eafy to be ob- 
ferved in diftillations made without retorts or 
the violence of the fire. But it may be worth 
while to make trial, whether the effential oil 
of wormwood afcend coloured like the plant 
whence it is firft drawn over with water in the 
alembic, or rectified in balneon. For I forgot 
to take notice of it, when upon fome particu- 
Jarities, I obferved in that plant, my curiofity 
Jed me to find, that not only in the firit diftil- 
Jation in a copper alembic, tinned on the in- 
fide, the oil came over green, but by a reéti- 
fication purpofely made in a glafs veffel, the 
purified liquor was not deprived of that colour. 

THE mention of thefe effential oils, as che- 
mifts call thofe, that are drawn in alembics, 
leads me totell you, that, though thefe liquors 
be but effluvia of the vegetables they are dif- 
tilled from, condenfed again in the receiver 
into liquors; yet, as fubtile as they are, many 
of them retain the genuine tafte of the bodies, 
whence the heat elevated them ; as you will 
eafily find, if you will tafte a few drops of the 
effential oi! of cinnamon, for example, or of 
wormwood diffolved by the intervention of fu- 
gar, or f{pirit of wine, ina convenient quantity 
of water, wine, or beer. For, by this means 
you have the natural tafte of this {pice or herb. 
And wormwood 1s a plant, whofe effluvia do 
fo retain the nature of the body, that parts 
with them, that I muft not forbear to alledge 
here an obfervation of mine, that may fhew 
you, that it is poffible, though not ufual, that 
even withoutthe helpof the fire, the expirations 
of a body may communicate its tafte. For, 
among other things, that I had occafion to ob- 
ferve about {ome quantity of wormwood laid 
up together, I remember, I took notice, and 
made others do the like, that coming into a 
room, where it was kept, not only the organs 
of fmelling were powerfully wrought upon 
by the corpufcles, that {warmed in the air, but 
alfo the mouth was fenfibly affected with a bit- 
ter tafte. Perhaps you will fcarce think it 
worth while, that after this inftance I fhould 
add, that I found the expirations of amber, 
kept a while in pure fpirit of wine, tafte upon 
the tongue like amber it felf, when I chewed 
it between my teeth, But I choofe to mention 
this inftance, becaufe it will connect thofe late- 
ly mentioned with another fort, very pertinent 
to our prefent purpofe. For, the expirations, 
that I have obtained from amber, both with 
pure f{pirit of wine, and a more peircing men- 
ftruum, did manifeftly retain in both thofe li- 
quors a peculiar {mell, with which I found it to 
affeét the noftrils, when, for trial’s fake, I ex- 
cited the electrical faculty of amber by rubbing. 
And as for odours, it is plain, that the effen- 
tial oils of chemifts, well drawn, do many of 
them retain the peculiar and genuine fcent of 
the fpices or herbs, that afforded them. And 
that thefe odours do really confift of, or refide 
in certain invifible corpufcles, that fy off from 
the vifible bodies, that are faid to be endowed 
with fuch {mells, I have elfewhere proved at 
Jarge ; and it may fufficiently appear from their 
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{ticking to divers of the bodies they meet with 
and their lafting adhefion to them. 

OTHER examples may be given of the fet- 
tled difference of effluviums directly perceiva- 
ble by human organs of fenfe, as dull as they 
are; which laft expreffion I add, becaufe [ 
{carce doubt, but that, if our fenfories were 
fuficiently fubtile and tender, they might im- 
mediately perceive in the fize, fhape, motion, 
and perhaps colour too of fome now invifible 
effuviums, as diftinguifhable differences, as 
our naked eyes in their prefent conftitution fee, 
between the differing forts of birds, by their 
appearances, and their manner of flying in the 
air, aShawks, and partridges, and fparrows, 
.and {wallows. ‘To make this probable I will 
not urge, that in fine white fand, whofe grains 
by the unaffifted eye are not wont to be diftin- 
guifhed by any fenfible quality, I have often 
obferved in an excellent mifcrofcope, a notable 
difparity as to bulk, figure, and fometimes as 
to colour: and that in fimall cheefe-mites, 
which the naked eye can very fcarcely difcern, 
fo far is it from difcovering any difference be- 
tween them, one may (as wasnoted in the lait 
effay) plainly fee, befides an obvious difference 
in point of bignefs, many particular parts, on 
whofe accounts, the ftruéture of thole moving 
points may difference them from each other. 
And I have fometimes feen a very evident dif- 
parity, even in point of fhape, between the 
very eggs of thefe living atoms, as a poet 
would perhaps ftile them. But thefe kinds of 
proofs, (as I was faying) I fhall forbear to in- 
fifton, that I may proceed to countenance my 
conjecture by the effects of the eflluviums, 
that are properly fo called, upon animals. 

Anpb firft, though the touch be reckoned 
one of the moft dull of the five fenfes, and be 
reputed to be far lefs quick in men, than in di- 
vers other animals; yet the grofs organs of 
that may, in men themfelves, even by acci- 
dent, be fo difpofed, as to be fufceptible of 
impreffions from efluvia: of this, in another 
paper, I give fome inftances. And I know 
not, whether divers of the prefages of wea- 
ther, to be obferved in fome animals, and the 
aches, and other pains, that in many crazy and 
wounded micn, are wontto fore-run great changes 
of weather, do not often (for Ido not fay al- 
ways) proceed, at leaftin part, from intifible, 
and yet incongruous effluxions, which, either 
from the fubterraneal parts, or from fome bo- 
dies above ground, do copioufly impregnate 
the air. And, onthis occafion, it will not be 
impertinent to mention here what an experi- 
enced phyfician, being (if I much mifremem- 
ber not) the learned Diemerbroek, relates con- 
cerning himfelf, who having been infected 
with the plague by a patient, tHat lay very ill 
of it, though by God’s bleffing, which he 
particularly acknowledges, upon a flight, but 
feafonable remedy, he was very quickly cured, 
and that without the breaking of any tumor ; 
yet it left fuch a change in fome parts of his 
body, that he fubjoins this memorable paflage, 
Ab illo periculo ad contagiofos mibi appropin- 
quanti in emunétoriis fuccefit dolor, vix fallax 
peftis indiciui, 
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Two or three other obfervations of the like 
nature you meet with in another of my pa- 

ers. And I fhall now add, that I know an 
ingenious gentlewoman (wife to a famous phy- 
fician) who was of a very curious and delicate 
complexion, that has feveral times affurea me, 
that fhe can very readily difcover, whether a 
perfon, that comes to vifit her in winter, came 
from fome place, where there is any confide- 
rable quantity of fnow, and this fhe does, as 
the tells me, not by feeling any unnfual cold 
. for if the ground be frozen, but not covered 
with fnow, the effect jucceeds not,) but from 
fome peculiar impreffion, which fhe thinks, 
the receives by the organs of fimelling. I 
might add, that I know alfo, as ] may have 
formerly told you, a very ingenious phyfician, 
who falling into an odd kind of fever, had 
his fenfe of hearing thereby made fo very nice 
and tender, that he very plainly heard foft 
whifpers, that were made at a confiderable dif- 
tance off, and which were not in the leaft 
perceived by the healthy by-ftanders, nor 
would have been by him before his ficknefs. 
Which ficknefs I mention as the thing, that 
gave his organs of hearing this preter-natural 
quicknefs, becaufe, when the fever had quite 
Jefe him,*he was able to hear but at the rate 
of other men. And I might tell you too, 
that I know a gentleman of eminent parts and 
note, who, during a diftemper he had in his 
eyes, had his organs of fight brought to be 
fo tender, that both his friends, and himfelf 
alfo, have affured me, that when he waked 
in the night, he could for a while plainly fee 
and diftinguifh colours, as well as other ob- 
jeéts, difcernible by the eye, as was more 
than once tried, by pinning ribbands, or the 
like bodies, of feveral colours, to the infide 
of his curtains inthe dark. For if he were 
awakened in the night, he would be able to 
tell his bed-fellow, where thole bodies were 
placed, and what colour each of them was of. 
~ J have mentioned thefe inftances only to 


fhew you, that if our fenfories were more de- 


licate and quick, they would be fufficiently 
affected by objects, that, as they are gene- 
rally conftituted, make no impreffions at all 
upon them. For otherwife I know, that the 
fpecies (as they call them) both of founds and 
colours are not held by many of the moderns, 
(from whom in that I diffent not,) to be fo 
much corporeal effluxions, trajected through 
the medium, as peculiar kinds of local motion 
conveyed by it. Therefore, I fhall now con- 
firm the conjecture I would countenance, by 
the difcrimination made by the organs of other 
animals, of fuch cfuvia, as to us men are not 
only invifible, but infenfible. And therefore, 
partly to ftrengthen what I delivered, and partly 
to confirm what I am now difcourfing of, it will 
not be impertinent to fubjoin two or three rela- 
tions, that I had from perfons of very good cre- 
dit, whom I thought likely to make me no un- 
{atisfactory returns to my queftions, about things, 
they were very well veried in. 

A perfon of quality, to whom I am near 
allied, related to me, that to make a trial, 
whether a young blood-hound was well in- 


{tructed, (or as the hunt{men cail it, made} 
he caufed one of his fervants, who had not 
killed, or fo much as touched any of his deer, 
to walk to a country-town, four mile of, and 
then to a market-town, three miles diftant 
from thence 3 which done, this nobleman did, 
a competent while after, put the blood-hound 
upon the fcent of the man, and caufed him 
to be followed by a fervant or two, the matter 
himlelf thinking it alfo fit to go after them to 
fee the event; which was, that the dog, with- 
out ever feeing the man he was to purtue, 
followed him by the fcent to the above-men- 
tioned places, notwithftanding the multitude 
of market people, that went along in the fame 
way, and of travellers, that had occafion to 
crofs it. And when the blood-hound came 
to the chief market-town, he paffed through 
the ftreets, without taking notice of any of 
the people there, and left not, till he had 
gone to the houfe, where the man, he fought, 
refted himfelf, and found him in an upper 
room, to the wonder of thofe that followed 
him. The particulars of this narrative, the 
nobleman’s wife, a perfon of great veracity, 
that happened to be with him when the trial 


‘was made, confirmed to me. 


Ewquirine of a ftudiovs perfon, that 
was keeper of a red-deer park, and verfed in 
making blood-hounds, in how long time, aftet 
a manor deer had pafied by a graffy place, 
one of thofe dogs would be able to follow 
him by the f{cent? he told me, that it would 
be fix or feven hours: whereupon an ingenious 
gentleman, that chanced to be prefent, and 
lived near that park, affured us both, that he 
had old dogs of fo good a fcent, that if a 
buck had the day before paffed in a wocd, 
they will, when they come where the {cent 
lies, though at fuch a diftance of time after, 
prefently find the fcent and run dire€tly to that 
part of the wood where the buck is. He 
alfo told me, that though an old blood-hound 
will not fo eafily fix on the icent of a fingle 
deer, that prefently hides himfelf in a whole 
herd, yet if the deer be chafed a little till he 
be heated, the dog will go nigh to fingle him 
out, though the whole herd alfo be chafed. 
The above-named gentleman alfo affirmed, 
that he could eafily diftinguifh, whether his 
hounds were in chaie of a hare, or a fox, by 
their way of running, and their holding up 
their nofe higher than ordinary, when they pur- 
fue a fox, whofe {cent is more ftrong. Thefe 
relations will not be judged incredible by him, 


.that reflects on fome of the inftances, thar 


have already, in the foregoing effay, been. 
given of the ftrange fubtilty of effluvia: to 


which I fhall now add, that I remember, that 


to try, whether I could, in fome meafure, 
make art imitate nature, I prepared a body of 
a vegetable fubftance, which, though it were 
actually cold, and both to the eye and touch 
dry, did for a while emit fuch determinate 
and piercing, though invifible, exhalations, 
that having, for trial’s fake, applied to it a 
clear metalline plate, and that of none of the 
very fofteft kind neither, for about one mi- 
nute of an hour, I found, that, though there 

had 
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had been no immediate contact between them, 
I having purpofely interpofed a piece of paper 
to hinder it, yet there was imprinted on the 
furface of the plate a confpicuous ftain of that 
peculiar colour, that the body, with whofe 
{teams I had imbued the vegetable fubftance, 
was fitted to give a plate of that mixed metal. 
And though it be true, that in fome circum- 
ftances, the lately-mentioned inftances about 
blood-hounds have a confiderable advantage 
of this I have now recited, yet that advantage 
is much leffened, not to fay countervailed, by 
fome circumftances of our experiment. For, 
not to repeat, that the emittent body was firm 
and cold, the effect produced by the efluvium, 
that guided the fetting-dog, was wrought upon 
the fenfory of a living and warm animal ; 
and fuch an one, whofe organs of {melling are 
of an extraordinary tender conftitution above 
thofe of men, and other animals, and proba- 
bly the impreffion was but tranfient ; whereas, 
in our cafe, the invifible fteams of the vege- 
table fubftance wrought upon a body, which 
was of fo {trong and inorganical a texture, as 
a compounded metal, though it were fenced 
by being lapped up in paper, notwithftanding 
which thefe {teams invaded it in fuch num- 
bers, and fo notably, as to make their opera- 
tion on it manifeft to the eye, and confide- 
rably permanent too; fince, coming to look 
upon the plate after the third day, I found 
the induced colour yet confpicuous, and not 
like fuddenly to vanih. 

HitTHERTO, in this chapter, I have ar- 
sued from the conftant and fettled difference 
of the fenfible qualities of effuviums, that 
they do not always lofe their diftinct natures, 
when they feem to have loft themfelves by va- 
nifhing into air. But before I difmifs this 
fubject, I muft confider an objection, which 
I know may be made againft the opinion we 
have been countenancing. For it may be 
alledged, that there may Lte many cafes, 
wherein the effuviums of bodies are, in their 
paffage through the air, fenfibly altered, or 
do affeét the organs of fenfe, otherwife than 
each kind of them apart would do: nor is 
this difficulty altogether irrational. For it 
feems confonant enough to experience, that 
fome fuch cafes fhould be admitted; and 
therefore, in the foregoing difcourfe I have, 
where I thought it neceffary, forborn to ex- 
prefs myfelf in fuch general and abfolute terms, 
as otherwife I might have done, But as for 
fuch cafes, as [ have infifted upon, and many 
more I fhall now reprefent, that the objected 
alterations need not hinder, but that efflu- 
viums, at their firft parting from the bodies, 
whence they take wing, if I may fo fpeak, 
may retain as much of the nature of thofe 
bodies, as we have afcribed to them; fince 
the fubfequent change may very probably be 
deduced from the combinations, or coalitions, 
of divers fteams affociating themfelves in the 
air, and acting upon the fenfory, either al- 
together and conjointly, or at leaft fo near it, 
that the fenfe cannot perceive their operations 
as diftinét. This I fhall elucidate, but not 

retend to prove, by what happens in founds 
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and taftes. For if, by way of inftance, in a 
mufical inftrument, two ftrings tuned to an 
eighth, be touched together, they will ftrike 
the ear with a found, that will be judged one, 
as well as pleafing, though each of the trem- 
bling ftrings make a diftin®& noife, and the 
one vibrates as faft again as the other. And 
if, into oil of tartars per deliquium, you drop 
a due proportion of {pirit of nitre, and exhale 
the fuperfluous moifture, the acid and alcali- 
zate corpufcles, that were fo {mall, as to fwim 
invifibly in thofe liquors, will convene into 
nitrous concretions, whofe tafte will be com- 
pounded of, but very differing from, both the 
taftes of the acid and tartareous particles ; 
which particles may yet, for the moft part, 
by a fkilful diftillation, be divorced again. 
And fo, if to a ftrong folution of pot-afhes, 
or falt of tartar, you put as much in weight 
of fal armoniack, as there is of either of thofe 
fixed falts contained in the liquor; you may, 
befides a fubtil urinous fpirit, that will eafily 
come over in the diftillation, obtain a dry ca- 
put mortuum, which is almoft totally a com- 
pounded falt, differing enough from either of 
the ingredients, efpecially the alcalizate, as 
well in tafte, as in fome other qualities: This 
falt, freed from its faeces, being that diuretick 
falt, I feveral years ago gave quantities of to 
fome chemifts and phyficians, from the moft 
of whom I received great thanks, accompanied 
with the more acceptable accounts of the very 
happy fuccefs they had employed it with, th ugh 
ufually but in a imall dofe, as from fix, eight, 
or ten grains, to a fcruple. But this being 
mentioned only upon the by, I fhall proceed 
to tell you, that fince I intimated to y.u al- 
ready, that I would mention examples of 
founds and taftes, only to illuftrate what I have 
been delivering; I fhall now add fome in- 
{tances by way of proof, of the coalition and 
refulting change of fteams in the air, It is 
eafily obfervable in fome nofegays, where the 
differing flowers happen to be conveniently 
mixed, that in the {mell afforded by it, ata 
due diftance, the odours of the particular 
flowers are not perceived, but the organ is af- 
fected by their joint action, which makes on 
it a confufed, but delightful impreffion, And 
fo, when in a ball of pomander, or a perfumed 
fkin, mufk, and amber, and civet, and other 
fweets, are fkilfully mixed, the coalition cf 
the diftinct effuvia of the ingredients, that af- 
fociate themfelves in their paifage through the 
air, produce in the fenfory one grateful per- 
fume, refulting from all thofe odours. But if 
you take {pirit of fermented urine, and fpirit 
of wine, both of them phlegmatick, and mix 
them together, they will incorporate like wine 
and water, or any other {uch liquors, withouc 
affording any dry concretions. Butif you exe 
pofe them in a convenient veffel but to the 
mild heat of a bath, or lamp, the afcending 
particles wil] affociate themfelves, and adhere 
to the upper part of the glafs in the form of a 
white, but tender fublimate, confifting both 
of urinous and vinous fpirits, affociated into a 
mixture, which differs from either of the It- 
quors, not only in confiftence, tafte, and {mell, 
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but-in fome confiderable operations performa- 
ble by this odd mixture ,; which this is not the 
place to take further notice of. And if {pirit 
of falt, and fpirit of nitre be, by diftillation, 
clevated in the form of fumes, fo ordered, as 
to convene into onc liquor in the receiver, this 
liquor will readily diffolve crude gold, though 
neither the fpirit of nitre alone, nor that of 
falt, would do fo. 

AnD that you may have an ocular proof of 
the poffibility of the diftin¢tnefs and fubfe- 
quent commixture of {teams in the air, I fhall 
now add an experiment, which [ long fince 
devifed for that purpofe, and which I foon af- 
ter fhewed to many curious perfons, moft of 
whom appeared fomewhat furprized at it. The 
experiment was; that I took two {mall vuals, 
the one filled with fpirit of falt, but not very 
ftrong, the other with fpirit of fermented u- 
rine, or of fal armoniack very well rectified : 
thefe vials being placed at fome diftance, and 
not being ftopped, each liquor afforded its 
own {mell, at a pretty diftance, by the fteams 
it emitted into the air, but yet thefe fteams 
were invifible. But when thefe vials, (which 
fhould be of the fame fize) came to be ap- 


differing forts of fteams in the air, and the 
changes refulting thence of their particular pre- 
cedent quantities, may not affift us to invefti- 
gate the caufes of divers fudden clouds and 
mifts, and fome other meteorological phzeno- 
mena, and alfo of divers changes, that happen 
in the air, in reference to the coming in and 
ceafing of feveral either epidemical, or conta- 
gious difeafes, and particularly the plague, that 
{eem: to depend upon fome occult temperature 
and alterations of the air, which may be co- 
pioufly impregnated by the differing fubterra- 
neal (not to add here, fideral) efluviums, that 
not unfrequently afcend into it, or otherwife 
invade it, with peftiferous, or other morbifick 
corpufcles, and fometimes with others of a con- 
trary nature, and fometimes too, perhaps, nei- 
ther the one fort of {teams, which may be fup- 
poled to have imbued the air, is in itfelf dele- 
terious ; nor the other falutary, but becomes 
fo upon their cafual coalition in the air. You 
will perhaps think this conjecture of the refultan- 
cy of peftilential fteams the lefs improbable, if I 
here add that odd obfervation, which was fre- 
quently made in the formerly-mentioned plague 
at Nimmeguen, by a phyfician fo judicious as 
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Diemerbroek, whofe words are thefe ; Ilud no--Traa. de 
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proached very near to each other, though not 
{o, as to touch ; as when the two liquors are 
put together in the form of liquors, they will 
notably act upon one another ; fo their refpec- 


tive effuviums meeting in the air, would, an- 
fwerably to the littlenefs of their bulk, do the 
like, and, by their mutual occurfions, become 
manifeftly vifible, and appear moving in the 
air like a little portion of fmoke, or of a mitt, 
which would quickly ceafe, if either of the 
vials were removed half a foot, or a foot from 
the other. And I remember, that, to add to 
the oddnefs of the phenomenon, I fometimes 
made a drop of the fpirit of falt hang at the 
bottom of a little ftick of glafs, or fome other 
convenient body, and held this drop thus fuf- 
pended in the orifice of a vial, that had fpirit 
of fal armoniack in it, and was furnifhed with 
a fomewhat long neck ; for by this means, it 
happened as I expected, that the afcending u- 
rinous particles, though invifible before, inva- 
ding plentifully the acid ones of the drop, 
produced a notable {moke, which, if the drop 
were held a little above the neck of the glafs, 
would moft commonly fly upwards to the 
height of a foot, or half a yard: but if the 
drop were held fomewhat deep within the ca- 
vity of the neck, a good part of the produced 
{moke would oftentimes fall into the cavity of 
the vial, which was left in great part empty, 
fometimes in the form of drops, but ufually in 
the form of a flender and fomewhat winding 
ftream, of a white colour, that feemed to flow 
down juft like a hquor from the depending 
drop, till it had reached the fpinit of fal armo- 
niack ; upon whofe furface it would {pread it- 
felf like a mift. But this only upon the by. 
As for the main experiment itfelf, it may be, 
as I have found, fuccefsfully tried with other 
liquors than thefe ; but it is not necefflary, in this 
place, to give an account of fuch trials; though 
perhaps, if I had leifure, it might be worth 
while to confider, whether thefe coalitions of 


in Belgio mortis eft) illic lavarentur, eo ipfo die, 
vel interdum poftridie, duos tres-ve fimul pefte 
correptos fuiffe, ipfique egri tefabantur fatorem 
aque faponata illis primam &P maximam alte- 
rationem intuliffe. Hoc ipfum quoque in meo ip- 
fius bofpitio infelix experientia docuit, in quo 
poft lota linteamina fiatim gravem alterationem 
perceperunt plerique domeftici, €P proximé fe- 
quenti notte tres pefte correpte, ac brevi poft 
mortue fuere. I omit the inftances he further 
fets down to confirm this odd phenomenon, 
of which, though perhaps fome other cauie 
may be divided, yet, that I lately afigned, 
feems at leaft a probable one, if not the moft 
probable ; fince, as it is manifeft by daily ex- 
erience, that the fmell occafioned by the 
wafhing of foul linen with the foap commonly 
ufed in the Netherlands, produces not the 
plague ; fo, by our learned author’s obferva- 
tion it appears, either, that there were not yet 
any peftilential effuxions in the air of thofe 
places, which, on the occafions of thofe wafh- 
ings, became infected, or at leaft, that by the 
addition of the fetid effluvia of the foapy wa- 
ter, thofe morbifick particles, that were dif- 
perfed through the air before, had not the 
power to introduce a malignant conftitution 
into the air, and to act as truly peftilential, till 
they were enabled to do fo, by being affociated 

with the ill-fcented effluvia of the foap. 
WHETHER alfo falutary, and, if I may fo 
call them, alexipharmical corpufcles may not 
be produced in the air by coalition, might be 
very well worth our enquiry: efpecially if we 
had a competent hiftorical account of the yearly 
ceafing of the plague at Grand Cayro. For, 
as I have elfewhere noted out of the learned 
Profper Alpinus, who practifed phyfick there ; 
and as I have alfo been informed by fome of 
| my 
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my acquaintance, who vifited that vaft city, 
that almoft in the midft of fummer, as foon as 
the river begins to rife*, the plague has its 
malignity fuddenly checked, even as to thofe, 
that are already infected, and foon after ceafes ; 
fo if other circumftances contradict not, one 
might guefs, that this ftrange phzenemenon 
may be chiefly occafioned by fome nitrous, or 
other corpufcles, that accompany the over- 
flowing nile, and by affociating themfelves 
_ with what Hippocrates fomewhere calls socegds 
amogioias, Aifable them to produce their wonted 
pernicious effects. To which hypothefis fuits 
well what is delivered by more than one tra- 
veller into Egypt, and more particular by our 
ingenious countryman Mr. George Sandys, who 
not only takes notice, that about the time of 
the overflowing of Nilus, whofe abounding 
with nitre has been obferved even by the an- 
tients, there is a certain moiftening emanation 
diffufed thorough the air. To prove, fays 
he +, {peaking of the overflowing of Nilus, 
that it proceedeth from a natural caufe, this 
one, though ftrange, yet true experiment will 
fuffice. ‘Take of the earth of Egypt adjoining 
to the river, and preferve it carefully, that it 
neither come to be wet nor wafted, weigh it 
daily, and you fhall find it neither more nor 
lefs heavy until the feventeenth of Fane, at 
which day it beginneth to grow more pon- 
derous, and augmenteth with the augmenta- 
tion of the river, whereby they have an infal- 
lible knowledge of the ftate of the deluge, 
proceeding without doubt from the humidity 
of the air, which having a recourfe through 
all paffable places, and mixing therewith, in- 
creafeth the fame, as it increafeth in moifture. 

Tuart thete fanative fteams perform their 
effects merely becaufe they are moift, I pre- 
fume naturalifts will f{carce pretend ; but that 
they may be of fuch a nature, as by their coa- 
lition with the morbifick corpufcles, to increafe 
their bulk and alter their figure, or precipitate 
them out of the air, or clog their agility, or 
pervert their motions, and, ina word, deftroy 
all, or fome, at leaft, of thofe mechanical af- 
fections, which made thofe corpuicles peftilen- 
tal: that, I fay, thefe antidotal vapours (if I 
may fo call them) may have thefe effects upon 
thofe, that formerly were morbifick, and that 
fo there may refult from the affociation of 
two forts of particles, whereof one was of a 
highly noxious nature, a harmlefs mixture, 
might here be made probable by feveral things ; 
but that I hope, what I have lately recited 
about the coalitions of the effluvia of {pirit of 
falt, and of urine, (liquors known to be highly 
contrary to each other) is not already forgotten 
by you. 

Awp .the experiment, with which I am to 
conclude this effay, will, perhaps, make you 
think it poffible, that the peftiferous fteams, 
that have already paffed out of the air, and 
invaded, but not too much vitiated, the bodies 


* The plague, which here miferably rageth, 
hundred die at Cayro the day 
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of men, may have their malignity much de- 
bilitated by the fupervening of thefe antidotal 
particles. For in that experiment you will 
find, that the fteams emitted into the air from 
the liquor there defcribed, though that were 
actually cold, were able to reach, and mani- 
feftly to operate, (and that probably by way of 


' precipitation, ) upon corpufcles, that were fenced 


from them by the interpofition of other bodies, 
Rot more porous than thofe of living men. 
Whether the fume of fulphur, which by many 
is extolled to prevent the infection of the air, 
do, by its acid, or other particles, difarm, if I 
may fo fpeak, thé peftilential ones, I have 
not now time to enquire: no more than whe- 
ther in Ireland, and fome few other countries, 
that breed or brook no poifonous animals, 
that hoftility may proceed, at leaft, in great 
part, from the peculiar nature of the foil, which 
both from its fuperficial and deeper parts, con- 
{tantly fupplies the air with corpufcles deftruc- 
tive to venemous animals. And fome other 
particulars, that may be pertinently enough 
confidered here, you may find treated on in 
other papers. And therefore at prefent I fhall 
only intimate, in a word, that having purpofely 
made a vifible and lafting ftain on a folid body 
barely by cold effluvia, I did, by the invifible 
and cold {teams of another body, make, in 
two or three minutes, a vifible change in the 
colour of that ftain. 

Awp as for the other part of the conjecture, 
viz. that meteors may fometimes be produced 
by the occurfions of fubterraneal effuvia, fome 
of them of one determinate nature, and fome 
of another, I think I could, to countenance 
it, give you divers inftances of the plentiful 
impregnation of the air at fome times, and in 
fome places, with {teams of very differing na- 
tures, and fuch as are not fo likely to be at- 
tracted by the heat of the fun, as to be fent 
up from the fubterraneal regions, and fome- 
times from minerals themfelves. But for in- 
{tances of this kind, I fhali, for brevity fake, 
refer you to another paper jj, where I have 
purpofely treated of this fubject, and particu- 
larly fhewn, that though ufually the effuxions, 
that come from under-ground, are ill-{fcented, 
yet they are not always fo; and alfo, that ful- 
phureous exhalations, even from cold, and, for 
the moft part, aqueous liquors, may retain 
their determinate nature in the air, and aét 
accordingly upon folid bodies themfelves, to 
whofe conftitution thofe effuvia chance to be 
proportionate. 

But one memorable ftory, not mentioned in 
that difcourfe, is too much to our prefent pur- 
pofe to be here omitted, efpecially having met 
with it in fo approved an author as the experi- 
enced Agricola, who having mentioned out of 
antient hiftorians the raining of white and red 
Jiquors, which they took (erroneoufly I doubt 
not) for milk and blood, fubjoins, § Ut autem 
majorem fidem habeamus annalium monumentis 


facit 


upon the firft of the flood doth inftantly ceafe i in fo much, as when five 
before, which is nothing rare {for the found keep company with the fick, holding 


death fatal, and, to avoid them, irreligion,) not one doth die the day following ; fays Mr. Sazdys in his travels, Lib. 1 


t Mr. Sandys in the book above-cited. 
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§ dgric. de nat. eorum, qux effluunt é terra, Lib. XII. pag. 236. 
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‘facit res illa decantata, que patrum ‘memoria 
(in another place he fpecifies the year of our 
Lord) ix Suevia accidit , ‘aer enim ille ftillavit 
guttas, que lineas veftes crucibus rubris quaft 
fanguineis imbuebant. “Which I the rather 
mention, becaufe it doés not only prove what 
I alledge it for; but may keep what is lately 
and very credibly reported to have happened 
in divers places of the kingdom of Waples, foon 
after the fiery eruption of Ve/wvius, from be- 
ing judged a phenomenon either altogether 
fabulous, (as doubtlefs many have thought it,) 
ora prodigy without all example, as is pre- 
fumed, éven by ‘thofe, that think it not mira- 
culous. And to this [ add, that it will be the 
‘lefs improbable, that the more agile corpufcles 


‘of fubterraneal falts, fulphurs and bitumens, 


may be raifed into the air, and keep diftinct 
natures there, if fo fixed a body, as common 
earth itfelf, can be brought-to fwim in the air. 
And yet of this the ‘worthy writer newly quoted 
gives us, befides what annals relate, this tefti- 
mony upon his own knowledge : + Certé bic 
Kempnicti undecimum abbine annum menfe Sep- 
tembri effluxerunt imbres, fic cum terra lutea 


‘commifti, ut ed palm plateas feilicet firatas vi- 


derem confper fas. . 

Anp to fhew you, that in fome cafes the 
particles even of vegetable bodies may not fo 
toon perifh in the air, as they vanifh there, but 
may retain diftinct natures at a greater diftance, 
than one would think, from the bodies, that 
copioufly emit them ; I fhall add, that having 


‘defired an ingenious gentleman, that went on 


a confiderable employment to the Haf-Indies, 
to make fome obfervations for me in his voyage; 
he fent me,’ among other things, this remark: 
that having failed along the coaft of Ceylon, 
(famous for cinnamon-trees and well-fcented 
gums,) though they coafted it almoft a whole 
day, the wind, that then chanced to blow 
from the fhore, brought them a manifeftly o- 
doriferous air from the ifland, though they 
kept off many miles (perhaps twenty or 
twenty-five) from the fhore. Nor fhould this 
be thought incredible, becaufe the diffufion 
feems fo difproportionate to that of other bo- 
‘hes diffolved by fluids; as, for inftance, 
though falt be an a€tive body, and refoluble in- 
to abundance of mimute particles, yet one part 
of falt will fcarce be taftable in an hundred 
parts of water. For fenfibly to affect fo grofs 
an organ, as that of our tafte, there is ufually 
required in fapid particles a bignefs far exceed- 
ing that, which is neceffary to the making bo- 
dies fit objects for the fenfe of fmelling, and 
which is here mainly to be confidered, there 
is a great difference between the power a body 
has-to impregnate fo thin and fine a fluid as air, 
whofe parts are fo rare and Jax,and that, which 
it has ta imgregnate liquors, fuch as water or 
wine, whofe parts are fo conftipated as to 
make it, not only vifible and tangible, but pon- 
derous. On which occafion I remember, that 
having had a curiofity to try how far a fapid 
body could be diluted, without ceafing to be 
io, I found by trml, that one drop of good 


* + Agric. de nat. eorum, quz é terra efluunt, Lib. XII. 
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chemical, and, as artifts call it, effential oil of 
‘cinnamon, being duly mixed, by the help of 
fugar, with wine, retained the determinate tafte 
of cinnamon, though it were diffufed into near 
‘a quart of wine. ‘So that, making a moderate 
eftimate, I concluded, that upon the common 
{uppofition, according to which a drop is 
reckoned for a grain, one part of oi] had given 
the fpecifick tafte of the fpice, it was drawn 
from, to near fourteen thoufand parts of wine. 
By comparing which experiment, with what I 
noted about the proportion of falt requifite to 
‘make water tafte of it, you will eafily perceive, 
that there may bea very great difference, in 
point of diffufivenefs, between the little par- 
ticles, that make bodies fapid: which may 
ferve to confirm, both fome part of the firft 
chapter of the foregoing effay of the fubtilty 
of effluvia, and what I was lately faying, to 
fhew it poffible, that antimonial glafs might 
ampart ftore of fteams to the emetick wine, 
‘without appearing, upon common {cales, to have 
loft of its weight ; {ince we fee, that one drop 
‘of fo light a body as oil, may communicate not 
infenfible effluvia, but taftable corpufcles to 
near a quart ef liquor. But this is not ail, for 
which I mention our experiment: for I mutt 
now add, that befides the almoft innumerable 
fapid parts of a fpicy drop communicated to 
the wine, it thence diffufed a vaft number of 
odorous particles into the air, which both I, 
and others, perceived to be imbued with the 
diftinct fcent of cinnamon, and which, perhaps, 
the liquor would have been found able to have 
aromatized for 1 know not how long a time, 
if I had had leifure to profecute the obfer- 
vation. 


CHAP. V. 


SHE third and iaft way I hall mention 
TL of fhewing the determinate nature of 
effluviums, is to be taken from the confidera- 
tion of their effeéts upon other bodies, than 
the organs of our fenfes; (for of their opera 
tions upon thefe, we have already fpoken in the 
foregoing chapter.) For the effects, that cer- 
tain bodies produce on others by their efflu- 
viums, being conftant and determinate, and 
oftentimes very different frorn thofe, which o- 
ther agents, by their emiffions, work upon the 
fame, and other fubjeéts, the diftinét nature of 
the corpufcles emitted may be thence fuffi- 
ciently gathered, | | 

‘WE may, from the foregoing tract of the 
fubtilty of effluvia, borrow fome inftances very 
pertinent to this place, For the temporary be- 
numbednefs, or {tupefaction, for example, pro- 
duced in the fifherman’s foot by the * effluvia 
of the fifh Amoreatim, mentioned by the in- 
genious Pifo, manifefts, that thofe ftupefying 
emanations retained a peculiar and venemous 
nature during their whole paffage through 
the fhoe, ftocking, and fkin, interpofed be- 
twixt the fifh, and the nervous part of the foot 
benumbed by it. And though there are very 
few other bodies in the world, that are mi- 

| nute 


ag, 263. 
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nute enough to pafs tlirough the pores of glafs, 
it is apparent, by the experiment there re- 
cited of the oblong iron hermetically fealed up 
ina glafs-pipe, that the magnetical effluvia of 
the earth may retain their peculiar and won- 
derful nature in a {mallnefs, that qualifies them 
to pafs freely through the pores of glafs itfelf. 
BuT that I may neither repeat what .you 
have already met with in the foregoing tract, 
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by, it may appear lefs improbable, becavfe 
Mattheus de Gradibus names a perfon, who, 
he fays, proved infected after many days, by 
only having put his hand into the mouth of a 
mad dog, who did not bite him. And the 
formerly mentioned Matrhiolus relates, that he 
{aw two, that were made rabid without any 
wound by the flabber of a mad dog, with 
which they had the misfortune to be befmeared. 


SS | 


{>> 


nor anticipate what I have to fay in the next; 
I will employ in this chapter fome inftances, 
that may be {pared from both. 


SENNERTUS himfelf affirms of a painter Lib. VI. 
of his acquaintance, that, when he had Part 6. 
opened a box, in which he had long kept in- “P:?* 


TuatT divers bodies of a Venemous nature 
may exércife fome fuch operations upon others, 
by their effuviums tranfmitted through the air, 
as they are wont to do in their grofs fubftance, 
is a truth, whereof though I have not met 
with many, yet I have met with fome examples 
among phyficians. 


cluded realgar, a noxious mineral, fometimes 
ufed by painters, and not unknown to che- 
mifts, and had unfortunately fnuffed in the 
fteams of it, he was feized wi.h a giddinefs 
in his head and fainting fits, his whole face alfo 
{welling, though by taking of antidotes he ef- 


=? 


caped the danger. 


Lib. VI. Tue learned Sennertus obferves,asaknown | Divers other examples we have met with 

hath thing, that the apprentices of apothecaries have in the writings of phyficians, which I forbear 

P- "been caft into profound fleeps, when in diftil. to add to thefe, becaufe, I confefs, I very 

ling opiat and hypnotick liquors they have re- much doubt the truth of them, though the de- 

ceived in at their noftrils the vapours exhaling liverers of fome of them be men of note. But 

from thofe bodies. the probability of moit of the things already 

Ir is recorded by the * writers about poi- cited out of credible authors may be ftrengthen- 

fons, that the root and juice of mandragora ed by what [ fhall now fubjoin; as a further 

cafts thofe, that take it, into adeep fopornot proof of the diftin& nature of efluvia; of 

unlike alethargy. And though the applesof whichit will be a very confiderable proof, if 

the fame plant be thought to be much lefsma- medicines, which are of a milder and more 

lignant ; yet Levinus Lemnius relates, that it familiar nature and operation than poifons; 

happened to him more than once, that hav-  fhall yet be able in fome cafes to retain, in 

ing laid fome mandrake-apples in his ftudy, he their invifible particles fwimming in the air, 

was by their fteams made fo fleepy, that he the fame, though not fo great, power of 

could hardly recover himfelf; but the apples purging, which is known to belong to them 

being taken away he regained alacrity, and when their grofs body is taken in at the mouth. 

threw off all drowfinefs. 7 Of this I have elfewhere, on another occafion, 

Amonc all poifons, there is fcarce any, given fome examples. To which I thall now 

whofe phenomena are in my opinion more add, that I know a doctor of phyfick, that is 

ftrange than thofe, that proceed from a mad_ ufually purged by the odours or exhalations of 

dog ; and yet even this poifon, which feems a certain electuary, whofe cathartick operation, 

to require corpufcles of fo odd and determinate when it is taken in fubftance, is wont to be 

anature, is recorded by phyficians to have but languid. And another doctor of my ac- 

been conveyed by exhalations. Areteus writes, quaintaince caufing good ftore of the root of 

as a léarned modern quotes him, Qyéd a ra- black hellebore to be long pounded ina mor- 

bido cane, qui in factem, dum fpiritus adducitur, tar, moft of thofe, that were in the room, and 

taniummodo infpiraverit, {5 nullo modo momor- efpecially the party that pounded it, were 

derit, in vabiem homo agatur. ‘And as there thereby purged, and fome of them ftrongly 

are relations, among phyficians, of animals, enough. And the learned Sexnertus fome- 

that have become rabiofi by having eaten of where affirms, that fome will be purged by the 

the parts or excrements of rabid animais; fo very odour of colocynthis. And it is not to 

Lib wr. Celtus Aurelianus, who writes, that fome have be paffed by unregarded, that in the cafes I 

a been made to run mad, not by being bitten, have alledged, exhalations, that are endowed 
orpor, 


but wounded only with the claws of a mad 
dog, tells us alfo of a man, that fell into a hy- 
drophobia (which is wont to bea high degree 
of the rabies, and by fome of the ancienter 
writers was employed to fignify that difeafe) 
without being bitten by a mad dog, but in- 
fected folo odore ex rabido cane attrago. 
which odours; in this, and other narratives of 
poifons, I underftand not a bare fcholaftick fpe- 
cies, but a fwarm of effluvia, which moft com- 
monly are all, or at leaft fome of them, odorous. 
And though it may juftly feem ftrange to ma- 
ny, that the venom of a mad dog fhould be 
communicated otherwile than by biting, which 
is fuppofed to be the only way he can infect 


By” 


with occult qualities; (for thofe of cathartick 
medicines are reckoned among fuch) afcend 
into the air, without being forced from the 
bodies they belonged to by an external heat. 
Anp if I would in this place alledge ex- 
amples of the operations of fuch efluvia, as 
do not pafs into the air, but yet operate only 
by the contact of the external parts of the 
body, I could give inftances; not only of the 
purgative, but the emetick qualities of fome 
medicines, exerted without their being taken in 
at the mouth, or injected with initruments. 
THERE are alfo other forts of examples, 
than tnofe hitherto mentioned, that argue a 
determinate nature in the cfuxions of {tome 


* In Explhicatione Herbarum Biblicarum, cap. 2. 
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bodies emitted into the air. Approved writers 


tell us, that the fhadow of a walnut-tree, with 
the Icaves on it, is very hurtful ‘to the head ; 


and fome inftances they give us, of great mil- 


chief it has fometimes done. 


And though the 
fhadow, as fuch, is not likely to be guilty of 
fuch bad effects ; yet the effuvia of the neigh- 
bouring plant may be noxious enough to the 
head. For I, that was not at all: prepofleffed 
with an opinion, that it was fo, and therefore, 
without fcruple, reforted ‘to the fhade of wal- 
nut-trees in a hot country, was, by experience, 
forced to think it might give others the head- 
ach, fince it did to me, who, thanks be to God, 
both was, and am ftill very little fubject to that 
diftemper. And this brings into my mind an 
obfervation, that I have met with among fome 
ingenious travellers into the /Ve/t-Indies, who 
obferve in genetal, and, of late, a countryman 
of our own affirms it in particular, of the poi- 
fonous manchinello-tree, that birds will not 
only forbear to eat of the fruit of venemous 
plants, but, as to fome of them, will not fo 
much as light on the trees: which I therefore 
mention, becaufe, probably, nature inftructs 
them to avoid fuch trees by fome noxious {mell, 
or other emanation, that offends the approach- 
ing birds. And I remember, that fome of our 
navigators give it for a rule to thofe, that hap- 
pen to land in unknown iflands, or coafts, that 
they may venture to eat of thofe parts of fruits 
which they can perceive the birds, like kind 
tafters, to have been pecking at before. 

Nicoraus FrorenTinus (cited by Sen- 
nertus) tells us of a certain Lombard, that hav- 
ing in a houfe, that he named, at Florence, 
burned a great black fpider at the flame of a 
candle, fo unwarily, that he drew in the 
{teams of it at his noftrils, prefently began to 
be much difordered, and fell into a fainting 
fit, and, for the whole night, had his heart 
much difaffected, his pulfe being fo weak, 
that one could fcarce perceive he had any; 
though afterwards he was cured by treacle, 
diamofc, and the powder of zedoary, mixed 
together. 

Anp I remember, that being fome years 
ago in Ireland, 1 gathered a certain plant 
(peculiar to fome parts of that country) which 
the natives call Maccu-buy, becaufe of ftrange 
traditions, that go about it; the chief of 
which I found, by trial, not ‘to be true: but 
yet being fatished, that its operations were 
odd, and violent enough, I was willing to 
gratify the chief phyfician of the country, 
who was defirous I fhould propofe to him 
fome ways of correcting it; and whilft I was 
{peaking of one, that required the pounding 
of it, he told me on that occafion, that in- 
tending to make an extract of it with vinegar, 
he caufed his man to beat it well in a mortar, 
which the man foon repented he had begun 
to do: and the doétor himfelf, though ata 
pretty diftance off, was fo wrought upon by 
the corpufcles, that iffued out into the air, 
that his head, and particularly his face, fwel- 
led to an enormous and disfiguring bulk, and 


continued tumid for no inconfiderable time 
after. 

I have not leifure to fubjoin many more 
inftances, to fhew the determinate nature of 
effuviums, {mall enough to wander through 
the air; nor perhaps will it be neceffary, if 
you pleafe but to confider thefe two things. 
The firft, that many odoriferous bodies, as 
amber, mufk, civet, 8c. as they will, by the 
adhefion of their whole fubftance,. perfume 
fkins, linen, &c. fo they will, in time, per- 
fume fome bodies difpofed to admit their 
action, though kept at a diftance from them. 
And the other is, that in peftilential fevers, 
and divers other contagious fickneffes, as the 
plague, fmall-pox, or meafles, the fame de- 
terminate difeafe is communicable to found 
perfons, not only by the immediate contaét 
of the infected party, but without it, by the 
contagious fteams, that exhale from his body 
into the air. And having faid this, and de- 
fired you to reflect upon it, I fhall conclude 
this chapter with an experiment, that, pof- 
fibly, will not a little confirm a great part 
of it. 

ConsiDERiNG then with myfelf, how I 
might beft devife a way of fhewing to the 
very eye, that effluvia, elevated without the 
help of heat, and wandering in the air, may 
both retain their own nature, and, upon de- 
terminate bodies, produce effeéts, that a vul- 
gar philofopher would afcribe to occult qua- 
ities; I remembred, that I had found by 
trials (made to other purpofes) that volatile 
and fulphureous falts would fo work upon fome 
acid ones, fublimed with mercury, as to pro- 
duce an odd diverfity of colours, but chiefly 
an inky one; on which account, - judged it 
hkely, that my aim would be anfwered by the 
following experiment. 

I took an ounce, or better, of fuch a vo- 
Jatile tincture of fulphur, as I have elfewhere 
* taught you to make of quick-lime, fulphur, 
and fal armoniack, and {topped it up in a vial 
capable of containing at leaft twice as much ; 
then taking a paper, whereon fomething had 
been written with invifible ink, I laid it down 
fix inches off of the vial, which being un- 
{topped, began, upon the accefs of the fire, 
to emit white fumes into it, and by thefe, 
what was written upon the paper, notwith- 
ftanding its diftance from the liquor, quickly 
became very legible, though not quite fo fud- 
denly, as if a paper, written with the fame 
clear liquor, were held at the hke diftance di- 
rectly over the oritice of the vial. And hav- 
ing caufed feveral pieces of clean paper to be 
written on, with a new pen dipped in the 
clear folution of fublimate, made in water, 
it was pleafant to fee, how divers of the let- 
ters of feveral of thefe papers, being placed 
within fome convenient diftance of the vial, 
would be made plainly legible, and fome of 
them more, fome lefs blackifh, according to 
their diftances from the {moking liquor, and 
other circumftances. But it was more furpriz- 
ing to fee, that when I held, or laid fome of 

thefe 


* The liquor here mentioned is, for the main, the fame with that defcribed by the author in his book of Colours. 
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thefe papers, though with the written fide up- 
wards, juft upon, or over the orifice of the 
vial, though the contained liquor did not, by 
fome inches, reach fo high, yet the latent Jetters 
would become not only legible, but confpi- 
cuous, in about a quarter of a minute of an 
hour, meafured by a good watch fit for the 
purpofe, as more than one trial affured me. 
And as it may be obferved, that in fome cir- 
cumftances the fmoking liquor, and the folu- 
tion of fublimate, will make an odd precipi- 
tate, almoft of a filverifh colour, fo in one, 
or two of our trials, we found a like colour 
produced, by the {teams of that liquor, in fome 
of the colourlefs ink. Nor is it fo neceffary 
to employ a viftbly {moking liquor, for the 
denigrating of invifible ink at a diftance. For 
I have, to that purpofe, with good fuccefs, 
though not equal to that I have recited, em- 
ployed a couple of liquors, wherein there was 
neither fulphur, nor fal armoniack, nor fubli- 
mate. What other trials | made with our vo- 
latile tincture of fulphur, it is not neceffary 
here to relate; only one experiment, which 
you will pofibly think odd enough, F fhall 
not omit; becaufe it will not only confirm the 
precedent trials, but alfo much of the fore- 
going effay, by fhewing the great fubtilty, 
and penetrating power of effuviums, that 
feem rather to iffue out very faintly, than to 
be darted out with any brifknefs. 

CausinG then fomething to be written 
with diffolved fublimate upon a piece of pa- 
per, we folded the paper with the written fide 
inwards, and then inclofed this in the midft of 
fix fheets of paper, laid one upon another, 
not placed one within another, and folded up 
in the form of an ordinary letter, or packet, 
to be fealed, that the edges of the enclofing 
paper, being inferted one within the other, 
the fumes might not get into this written pa- 
per, but by penetrating through the leaves 
themfelves: this done, that fide of the packet, 
on which there was no commiffure, and on 
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which, were it to be fent away, the fuperfcrip- 
tion fhould be written, was laid upon the ori- 
fice of the vial, which (as was before inti- 
mated ) was fome inches higher than the fur- 
face of the liquor, and left there about ten 
minutes ; after which, taking off the folded 
papers, and opening them, we found, that 
the fteams had pervaded all the leaves, in 


‘which the written paper had been enclofed. 


For, though the leaves did not appear ftained 
or aitered, yet the formerly latent chara¢ters 
appeared confpicuous. I have not time to dif- 
courfe, whether, and how far, this experi- 
ment may affift us to explain fome odd effeéts 
of thunder, or of that ftrange phenomenon, 
(glanced at in the foregoing chapter, ) which 
is faid to have happened latcly in the king- 
dom of Naples, after the great eruption of 
Vefuvius, which is faid to have been followed 
by the appearing of the croffes formerly men- 
tioned, fome of which have been found on 
the innermoft parts of linen, that had been 
carefully folded up. But of thefe, and the 
like things, I fay, I have now no time to dif- 
courfe, whether any thing derivable from our 
experiment may be pertinently applied to their 
explication. For which reafon, I fhall add no 
more, than that afterwards, for further trial, 
we took a printed book, that chanced to be at 
hand, and which we judged the fitteft for our 
purpofe, becaufe the leaves being broad, they 
might the better preferve a {mall paper to be 
placed in the midft of them, from being ac- 
ceffible to the exhalations fide-wife, and hav- 
ing put the defigned paper into this book, 
and held it to the orifice of the vial, though 
there were no lefs than twelve leaves between 
them, yet thofe letters, that happened to be 
the moft rightly placed, were made inky in 
the fhort fpace of three minutes, at the ut- 
moft ; though this liquor had been fo long 
kept, and fo often unftopped to try concluficns 
with it, that it had probably loft a good part of 
the moft fpirituous and piercing particles. 
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NEW EXPERIMENTS 


TO MAKE 


FIRE AND FLAME 
STABLE AND PONDERABLE. 


A PREFACE; fhewing the Motive, Defign, and 
Parts of the enfuing TRAcT. 


HE inducements, which put me up- 

: on the attempt, expreffed in the title 

of this effay, were chiefly thefe : 

First, I confidered, that the interftellar 
part of the univerfe, confifting of air and z- 
ther, or fluids analogous to one of them, fs 
diaphanous ; and that the ether is, as it were, 
a va{t ocean, wherein the luminous globes, 
that here and there, like fifhes, {wim by their 
own motion, or like bodies in whirlpools are 
carried about by the ambient, are but very 
thinly difperfed, and confequently, that the 
proportion, that the fixed ftars, and planetary 
bodies, bear to the diaphanous part of the 
world, is exceeding fmall, and fcarce confi- 
derable, though we fhould admit the fun, and 
nxed {tars, to be opacous bodies, upon the ac- 
‘count of their terminating our fight: which 
diffident expreflion I employ, becaufe I have 
elfewhere fhewn, by two or three experiments, 
purpofely devifed, that ‘a body may appear o- 
pacous to our eyes, and yet allow free paflage 
to the beams of light. 

I further confidered, that there being fo 
valt a difpronortion between the diaphanous 
part of the world, and the globes, about which 
it is every way diffuled, and with which it ts 
fometimes in great portions mingled, as in the 
water, which, together with the earth, makes 
up the globe we inhabit ; and the nature of a 
diaphanous body’s being fuch, that when the 
fun, or any other luminous body, illuftrates 
them, tlt, which we call light, does fo pene- 
trate, and mix ittelf per minima, with them, 
that there is no fenfible part of the tranfparent 
body unenlightened ; I thought it worth the 
enquiry, whether a thing, fo vaftly diffufed as 
hight is, were fomething corporeal, or not? 
and whether, in cafe it be, 1t may be fubject- 
ed to fome other of our fenfes, befides our 
fight, whereby we may examine, whether it 
hath any affinity with other corporeal beings, 
that we are acquainted with here below? 

I did not not all this while forget, that the 
Peripateticks make light a meer quality, and 


that Cartefus ingenioufly endeavours to expli- 
cate it, by a modification of motion in an &-= 
therial matter: but I remembcred too, chat 
the Atomifts of old, and of [ste the learned 
Gaffendus, and many other philofophers, affere 
light to be corporeal ; and, that fome years 
fince, though I declined to pats my jussment 
about the queftion, yct I had employed argu- 
ments, that appeared plaufible enough to fhew, 
that it was not abfurd to fuppofe, that the fun, 
which is the fixed ftar moft known to us, 
might be a fiery body. And therefore doubt- 
ing, whether the corporcity of light would be 
in hafte determined by meer ratiocinations, I 
thought it very well worth the endeavouring 
to try, whether I could do any thing towards 
clearing the difpute of it by experiments ; efpe- 
cially being perfuaded, that, though fuch an 
attempt fhould be ineffectual, it would but 
leave the controverfy in its former ftate, with- 
out prejudicing either of the contending hy- 
pothefes 3 and yet, if it fhould prove fuccets- 
ful, the confequences of it would be very great 
and ufeful towards the explicating of divers 
phzenomena in divers parts of natural philofo- 
phy, asin chemiftry, botanicks, and (if there 
be any fuch) the allowable part of aftrology. 
(Nor perhaps would it be impoffible, by the 
help of flight theorical alterations, to reconcile 
the experiments, I defigned, to either of the 
above-mentioned hypotheles, and fo, as to the 
explication of light, to one another. ) 

To compafs then, what [aimed at, I thought 
it was fit, in the firlt place, to try what I could 
do by the union of the fun-beams, they being 
on all hands confeffed to be portions (as I may 
fo fpeak) of true and celeftial light: and then 
I thought fit.to try, what could be obtained 
from flame 5 not only, becaufe that is acknow- 
ledged to be a luminary, but becaufe I hoped 
the difficulties, I forefaw in the other trials, 
might be, in fome meature, avoided in thofe 
made with flame; and if both forts of them 
fhould fucceed, the latter and former would 
ferve to confirm each other. According to the 

method 
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method I propofed of handling thefe two fub- 
jects, I fhould begin with fome account of 
what I attempted to perform in the fun-beams. 
But the truth is; that when I chanced to fall 
upon the enquiry, that occafioned this paper, 
befides that the time of the year itfelf was not 
over-favourable, the weather proved fo extra- 
ordinary dark, and unfeafonable, that it was 
wondered at; fo that, though I was farnifhed 
with good burning-glaffes, and did feveral 
times. begin to make trials upon divers bodies, 
as lead, quick-filver, antimony, &c. yet the 
frequent interpofition of clouds, and mifts, did 
fo disfavour my attempts, that, however they 
were not all alike defeated, yet I could not pro- 
fecute the greateft part of them-to my own fa- 
tisfaction. And therefore, being unwilling to 
build on them as yet, I fhall referve an ac- 
count of them: for another opportunity ; ¢and 
now proceed to the: mention of that fort. of ex- 
periments, which depending lefs on cafualties, 
it was -more.in my power to bring to an iffue. | 

 { know, I might have faved both you,. and 
myfelf, {ome time and pains, by omitting fe- 


i 


veral of thefe trials, and by a more compen- 
dious way of delivering the-reft. But I rather 
chofe the courfe I have taken ; partly, becaufe 
the novelty, and improbabilities of the truth 
I deliver, feem to require, that it be made out 
by a good number of trials; partly, becaufe I 
thought it might not be altogether ufelefs. to 
you,. and ‘your friends, to feé upon what in- 
ducemenits the feveral fteps were made in this 
enquiry,; partly, becaufe I was willing to con- 
tribute fomething towards the hiftory, that now, 
perhaps, will be thought fit to be made of the 
increment, or decrement, that particular bo-, 
dies may receive by being expofed to the fire; 
and partly, in fine, becaufe:the incongruity of 
the doctrine here afferted to the opinions of 
the {chools, and the general prepoffeffions of 
mankind, made me think it fit, by a confide- 
rable varicty, as well as number of experi- 
ments,. to obviate, as far as may be, the dif- 
fering. objections, and evafions, wherewith a 
truth, fo paradoxical, may expect to be encoun- 
tered. oo: eres | 
ts 
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\FIOUGH there be among the follow: 
_ing trials, a diverfity, that invites me; 
A. . as-to-rank.them into four or, five; dif- 
fering: forts, fo to affign themas many. diftinct 
feCtions ; yet, -for.the conveniency of. making 
the references, there will be occafion to-make 
betwixt them, I thall wave the diftinétion, and 
fet them down-in‘gne continued fertes. 

Anp becaufe I am willing to comply with 
my hafte,.as well as'ta deal frankly, and. with; 
out ceremony; with you, .J shall venture tc fib: 
join .the-naked: tranférips of, my experiments, 
as L had-ip -an artlefs, nanner fet them, down, 
with many others, -for my)own, remembrance, 
among my. adverfaria,. without fo muéh as re+ 
trenching fome,circumftanees; ; that: relate. lefs 
to may prefent, argument, than; to.fome .other 
purpofes. | 


Pa ah Sea, 2 ». Fy 

I fhall then ‘begin with’.the mentign of: a 
couple of experiments, which,.though they might 
conveniently enough be referred to another 
paper, yet I fhall here fet them down, begaufe 
it, féems. very proper to endeavour.to fhewan 
the firft place, that flame’ itfelf may be, .a$yit 
were, incorporated with'elofe and folid bodies, 
fo a& to inereafe their bulls and. wéteht.y 4 at 
- He oe See 
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PLECE of, copper-platé not near fo thick 
L as a half-crown, and,.weighing: two 
drachms' and twenty-five. grains, was fo placed, 
with its ,bréad part horizontal,.‘in a crucible, 
whofe bottom had:a-little hole in it, for fumes 
to get out at, that it could not be removed 

Vou. If. 


from. its. pofitron, nor be eafily:made to.drop 
down, or-lefe its level to the horizon, though 
the crucible were turned upfide down :;,, then 
about an ounce and half of common fulphir 
being’ put ‘into’ a taller and broader crucible, 
that, wherein.the copper ftuck, : Was inverted 
into the orifice of it, that the fulphur-being 
kindled, the:flame, but .not :the melted, brim- 
{tone in fubftarice, might reach the plate, and 
have fome ventibeyond: itsat the above-men- 
tioned hole: - This brimftene burned about 
two/hours, in which time'it feemed all to have 
been refolved-into flame, no flowers of fulphur 
appearing, to have fublimed into the infide of 
the upper. crucible ;. and though the copper- 
plate were:at a confiderable diftance from-the 
ignited fulphur, yet'the: flame’ feemed to have 
really. penetratéd it, and to, have.made it vifibly 
fwell, or grow thicker ; which,appeared to be 
done.. by aj.réal aeceffion of fubftance; fince, 


after wes hatltiwiped. off {fome -hetle adhering, 


fordes: ancdiwith them divers particles of- cop- 
per,’ that {tuckslelofe.to-themp,:-the plate iwas 
found, tecywweigh near two! and thirry ,grains 
fmore than -at. firft, and, confequently to have 
inoneafed its former weight by.,above a Afph 
pare] a ea err 
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[f pers by fefining one ounce of.ker- 
LAA ling filver with falt-petre,. according 
to our way, reduced it to fevensdrachms or 


{fomewhat lefs; we took a piece of the. thus 


purified filver, that weighed one drachm want- 


ing two grains, and having ordered it as-the 
copper-plate had been in the former experi- 


ment, after the fame of above one ounce and 
48 a 
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a quarter of fulphur, (that quantity chancing 


40 be fuitable to the capacity of the crucible) 


had, for about an hour and a half, beat upon it, 
the filver-plate feemed to the eye fomewhat 
‘fwelled, and the lower furface of it, that was 
next the fame, was brought to a great {mooth- 
nels, the weight being increafed to one drachm 


five grains and three quarters ; ‘which increafe 


of weight falling fo fhort of that, which was 
gained by the copper, I leave it to you to con- 
fider, whether the difference may be attributed 
to the clofenefs and compactnefs of the filver, 
argued by its being heavier in fpecie than cop- 
per; cr to the greater congruity of the pores 


of copper to be wrought on by the fiery men- — 


ftruum ; or to fome other caule. | 

IF you fhould here afk me, by what ratio- 
nal inducements I could be led to entertain fo 
extravagant an expectation, as, that fuch a light 
and fubtile body as flame fhould be able to 
give an augmentation of weight to fuch pon- 
derous bodies as minerals and metals; I fhall 
now, to avoid making anticipations here, or 
needlefs repetitions hereafter, return you only 
this anfwer ; that the expectation you wonder 
at, may juftly be entertained upon the fame, 
or fuch like inducements, as you may eafily 
difcover in another paper, entitled Corollarium 
Paradoxum. For, tuppofing upon the grounds 
there laid, that fame may act upon fome bo- 
dies as a menftruum, it fetems no way incredi- 
ble, that, as almoft all other menftruums, fo 
flame fhould have fome of its own particles 
united with thofe of the bodies expofed to its 
action: and the generality of thofe particles 
being, (as it is fhewn in the paradox about the 
fewel of flames,) either faline, or of fome 
fuch piercing and terreftrial nature, it is no 
wonder, that being wedged into the pores, or 
being brought to adhere very faft to the little 
parts of the bodies expofed to their action, 
the acceffion of fo many little bodies, that 
want not gravity, fhould, becaufe of their 
multitude, be confiderable upon a balance, 
whereon one or two, or but few of thefe cor- 
pufcles, would have no vifible effect. 

I could here, if 1t were expedient, mention 
fome odd fcruples about the preceding experi- 
ments, and fome alfe of the fubfequent ; but, 
left you fhould, with fome other of my friends, 
upbraid me with being too jealous and {cepti- 
cal, 1 will not trouble you with them; but 
proceed to the next fort of trials, wherein, 
though the matter were not always manifeftly 
beaten on by a fhining flame; yet it was 
wrought on by that, which would be called 
flame, by thofe, who take not that word 
ftrictly, but in a latitude, and which this ig- 
neous fubftance may more properly be ftiled, 
than it can be called common fire, this being 
vifibly harboured in burning coals, or other 
erofs materials, from which our metals were 
fenced. And I have elfewhere fhewn, by ex- 
periment, that vifibility is not in all cafes ne- 
ceflary to actual flame, particularly, when the 
eye receives a predominant impreffion from 
another light, 


TRIALS of the Second Sorf, 


EXPERIMEN T II. 


NTOa crucible, whofe fides had been pur- 
A. pofely taken down to make it very fhallow, 
was put one ounce of copper-plates ; and this 
being put into our cupelling-furnace, and kept 
there two hours, and then being -taken out, 
we weighed the copper (which had not been 
melted) having firft blown off all the afhes, 
and we found it to weigh one ounce and thirty 
rains. 


EXPERIMENT IV. 


hep eigog that copper, being re- 
duced to filings, and thereby gaining 
more of fuperficies in proportion to its bulk, 
would be more expofed to the action of the 
fire, than whenit is in places, as it was formerly, 
we took an ounce of that metal in filings, and 
putting them upon a very fhallow crucible, and 
under a muffler, we kept them there about 
three hours, (whilft other things, that required 
fo long a time were cupelling ;) and after- 
wards taking them off, we found them of a - 
very dark colour, not melted, but caked tcge- 
ther in one lump, and encreafed in weight 
(the afhes and duft being blown off) no leis, 
than about forty-nine grains. Part of which 
increment, above that obtained by the cop- 
per-plates inthe former experiment, may not 
improbably be due to the longer time, that in 
this experiment the filed copper was kept in 
the fire. ] 


EXPERIMENT V. 


[ EING willing to fee, whether calcined 
hart’s-horn, that I did not find eafy to 

© wrought on by corrofive menftruums, would 

-“tain any thing of the flame, or fire, to which 
€ fhould be expofed ; we weighed out one 
Ounce of {mall lumps of hart’s-horn, that had 
been burnt till they appeared white, and hav- 
ing put them into a crucible, and kept them 
in a cupelling-furnace for two hours, whilft 
{ome metals were driving off there by the vio- 
lence of the fire; we found, that when they 
were taken out, they had loft fix or feven 
grains of their former weight ; perhaps either 
becaufe, notwithftanding the external white- 
nefs of the lumps, the internal parts of fome 
of them might not be fo exquifitely calcined, 


‘but retain fome oleaginous or other volatile 


fubftance; or becaufe, having omitted to ignite 
them well before they were weighed, they may 
have fince their. firft calcination imbibed fome 
moift particles of the air. Which conjecture 
feemed the likelier, becaufe having kept them 
a while in the fcales they were weighed in, they 
did within two or three hours make it fome- 
what preponderate. On which occafion I fhall 
add, that, at the fame time, with the hart’s- 
horn we put in one ounce of well-heated brick, 

and 
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and kept that likewife in the furnace for above 
two hours; at the end of which, weighing it 
whilft it continued hot, we did not find it to 
have either fenfibly got or loft; but, fome 
time after, it feemed upon the ballance to have 
imbibed fome, though but very little, moifture 
from the air. | , 


EXPERIMENT VI 


[ PON a good cupel we put one ounce 
of Englifh tin of the better fort, and 
having placed it inthe furnace under a muffler, 
though it prefently melted, yet it did not for- 
fake its place, but remained upon the concave 
furface of the cupel, till at the end of about 
two hours, it appeared to have been well cal- 
cined; and then being taken out and weighed 
by it felf, the ounce of metal was found to 
have gained no lefs than a drachm.} 
EXPERIMENT VIL 
[ A N ounce of lead was put upon the cu- 
| A pel, made of calcined hart’s-horn, 
and placed under the muffler, after that the cu- 
pel was firft made het, and then weighed. This 
lead did not enter into the cupel, but was 
turned into a pretty kind of litharge on the 
top of it, and broke the cupel, whereby fome 
part of the cupe! was loft in the furnace, and 
yet the reft, together with the litharge, weighed 
feven grains more than the ounce of lead and 
the heated cupel did, when they were put in.]_ 
Bur becaufe, though this trial fhewed, that 
fome weight was gained either by the metal 
or cupel, or both, yet it did not by this ap- 
pear, what either of them acquired ; it feemed 
fit to fubjoin a further trial. 


EXPERIMENT VIL 


[ F, took a cupel about two ounces in 

weight, made of about ten parts of 
bone-afhes, and one of charcoal-afhes, made 
up together with ale, This was by itfelf put in 
a cupelling-furnace, under a muffler; and the 
Jaborant, well verfed in weighing, was ordered 
to take it out, when it was throughly and high- 
ly heated, and to weigh it whilft it was in that 
condition, I being then prefent: this being 
done, it was forthwith placed again under the 
muffler, where fome metalline bodies were cu- 
pelling, and kept there for about two hours ; 
at the end of which time it was talcen out red- 
hot, and prefently put into the fame ballance, 
as before, which was already faftened to a gib- 
bet ; where having caufed the adhering afhes 
to be blown off, I found, that whereas, when 
it was firft taken from under the muffler, we 
had but two ounces and two grains, now the 
fame weight being put into the oppofite fcale, 
it had gained very near one and twenty grains. 
And here note, that,it was not without fome 
caufe, that I was careful to-have the cupel 
weighed red-hot. For I had a fufpicion, that, 
notwithftanding the drynefs of the bone, it 
might receive fome little. alteration of weight 
by imbibing fome little particles wandering in 


the air; which-Qifpicion the event juttified, 
For leaving the cupel counterpoifed to cool in 
the balancé, in a fhort time it began fenfibly 
to preponderate ; and fuffering it to continue 
there nine or ten hours, till we had occafion to 
ufe the balance, I found it at the end of that 
time to be about three grains heavier than be- 
fore.] | 

THs was not the only trial we made about 
the augmenting the weight of cupels ; but this 
being the faireft, and exempt from thofe mif- 
chances, from which the other were not alto- 
gether free; I fhall content myfelf to have fet 
down this: in the mention of which I thought 
fit to take notice of the inereafe of the weight 
of the cupel after it had lain in the fcales, and 
alfo that we weighed it at firft, whilft ic was 
throughly hot, becaufe thofe circumftances, 
as not being fufpeéted, may eafily be left un- 
thought on, even by fkilful experimenters ; and 
yet the weighing of the cupel, when it had 
been well nealed, and the not weighing it foon 
enough after it is taken from the fire, may keep 
thofe, that fhall reiterate this experiment, from 
making it cautioufly and accurately enough. 
For if the former circumftance be omitted, 
that, which the cupel may feem to have loft of 
its fubftance, was nothing but the adventitious 
moifture of the air; and if the latter circum- 
ftance be neglected, the weight it may feem to 
have gained from the fire, was indeed due to 
the waterifh particles of the air. I could with 
alfo, that trial were made, whether the fuccefs 
‘would be the fame in cupels made in differing 
forts of bone-afhes, and other materials, wont 
to be employed for that purpofe. For that I 
had not opportunity to do. 


EXPERIMENT IX, ° 


RON being a metal, that experience had 
informed me will more eafily be wrought 

on by fluids, that have particles of a faline na- 
ture in them, than 1s commonly believed ; it 
was not unreafonable to expect, that flame 
would have a greater operation on it, (efpecially 
if it were before-hand reduced to {mall parts) 
than on any of the bodies hitherto defcribed. 
Which fuppofition will be confirmed by the 


. fhort enfuing note. 


[Four drachms of filings of fteel being 
kept two hours on a cupel under a muffler, ac- 
quired one drachm fix grains and a quarter in- 
creafe of weight. | ” 


EXPERIMENT X, 
[ Piece of filver, refined in our own lJi- 

A boratory, being put upon acupel under 
a muffler, and kept there for an hour and half, 
whilft other things were refining, was taken 
out and weighed again, and, whereas before 
it weighed three drachms, thirty-two grains 
and a quarter, it now weighed, in the fame 
fcales, three drachms, thirty-four grains and a 
half, or but little lefs. | ; 

Finpine this memorial among divers o- 
thers about the weight of bodies, expofed to 
the fire, I thought it not amis to annex eh 
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this piace; though finding it to be but fingle, 
I would not have it to be relied on, till further 
trial have.been made to difcover, whether it 
was more than.a cafual and anomalous experi- 
ment; and if the filver had not been refined, 
Y¥ fhould have fufpected, that the copper, that 
was blended with it, as it is ufually blended 
with common filver, might have occafioned 
the increafe of weight. 


PosSTSCRIPT. 


Srnce the foregoing experiment was firft 
fet down, meeting with an opportunity to re- 
iterate the trial once more, we did it with half 
an ounce of filings of filver, well refined with 
Jead in our own laboratory, and kept it about 
three hours upon the cupel ; after the end of 
which time taking it out, we found it to be of 
a Jefs pleafant colour than it was of before, and 
melted (though not fo perfectly) into a lump, 
which weighed four drachms and fix grains 5 
and yet, the fucceis being fo odd, and, if it 
prove conftant, of fuch moment, I could with 
the trial were further repeated in differing 
quantities of the metal. 


EXPERIMENT XI. 


[ { 7 took a drachm of filings of zink or 
{pelter, and having put it upon a cu- 
el under a muffler, we kept it there ina cu- 
pelling-fre about three hours, (having occa- 
fion to continue the cupellation fo long for o- 
ther trials ;) then taking it off the cupel, we 
found it to be caked intoa brittle and dark co- 
Joured lump, which looked as if the filings had 
been calcined. This being weighed in the 
fame fcales gained full fix grains, and fo a tenth 
part of its firft weight. ] 
EXPERIMENT XII. 

| MONG our various trials upon com-~ 
A mon metals, we thought fit to make one 
or two upon a meta! brought us from the £a/- 
Indies, and there called Tutenag, which name 
being unknown to our European chemitts, I 
have elfewhere endeavoured to give fome ac- 
count of the metalic felf ; whence I fhall bor- 
row the enfuing note, as directly belonging to 
our prefent purpofe. 

_[fwo drachms of filings of tutenag being 
put upon a cupel, and kept under the muffler, 
for about two hours, the filings were not melt- 
ed into a lump of metal, but locked as if ce- 
rufs and minium being powdered had been 
mingled tegether ;° fome of the parts appear- 
ing diftinétly white, and others red: the calx 
being put into the balance appeared to have 
gained twenty-eight grains and a quarter. An- 
other time the experiment being re-iterated 
with the like circumftances, we found, that 
two drachms of the filed tutenag gained the 
like increafe of weight, abating Jefs than one 
grain. | 

So that this Indian metal feems to have 
gained more in the fire, in proportion to its 
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weight, thcn any we have hitherto made trial 
of. 


~~ 


EXPERIMENT UMXIII. 
[RB* N G defirous to confirm, by a clear ex- 


periment, what I elfewhere deliver con- 
trary to the vulgar opinion of thofe, that be- 
heve, that in all -cupellations almoft all the lead, 
that 1s employed about them, does, together 
with the bafer metals, that are to be purged off 
from the filver or gold, fly away in fmoke, as 
indeed in fome fort of cupellations a good pro- 
portion may be blown off that way : we took 
two ounces of good lead, and one drachm 
of filings of copper, and having caufed a cu- 
pel to be ignited, and nimbly taken out of the 
furnace, and weighed, whilft it was very hot; 
it was prefently put back,. together with the 
two metals laid on it, into the cupelling-furnace, 
where having been kept for about two hours, 
it was taken out again, and it was found, ac- 
cording to what (as I elfewhere* note) ufes to 
happen in fuch circumftances, to have nothing 
on the furface of it worth weighing diftinctly 
in the fcales, in which the cupel, with what 
was funk into it, amounted to four ounces, 
three drachms and eleven grains, which want- 
ed but nine grains of the whole weight of the 
cupel and the two metals, when they were all 
three together committed to the fire.] So 
that, though we make a liberal allowance for 
the increment of weight, that may with any 
probability, be fuppofed to have been attained 
by the cupel, and what was put upon it, yet 
it will eafily be granted, that very much the 
Greater part of the metals was not driven off 


in fumes, but entered into the fubftance of the 
cupel. 


- TRIALS of the Third Sort. 


F'T ER having fhewn, that either fame, 
A or the analogous effluxions of the fire, 
will be, what chemifts would call, corporified 
with metals and minerals expofed naked to its 
action ; I thought it would be a defirable thing 
to difcover, whether this fame, or igneous fluid, 
were fubtile enough to exercife any fuch ope- 
ration upon the light bodies, fheltered from 
its Immediate contact, by being included in 
clofe veffels ; but it being very difficult to ex- 
pofe bodies in glaffes, to fuch vehement fires, 
without breaking or melting the glafs, and 
thereby lofing the experiment; I thought fit, 
firft, to employ crucibles carefully luted toge- 
ther, that nothing might vifibly get in or out; 
and of that attempt, I find among my notes, 
the following account. 


EXPERIMENT XIV. 


[ YE took an ounce of fteel, frefhly 

fled from a lump of -that metal, that 
the filings might not be rufty, and having in- 
cluded them betwixt two crucibles, as formerly, 


kept 
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kept them for two hours in a ftrong fire, 
and fuffered them to continue there till the fire 
went out ; the crucibles being unluted, the 
filings appeared hard caked together, and had 
acquired a dark colour, fomewhat between 
black and blue, and were increafed five grains 
in weight. | | 

Tue foregoing experiment being the firft I 
mention of this kind, it will not be amifs to 
confirm it, by annexing the following mce- 
morial. . . | 

fAw ounce of filings of fteel being put be- 
tween the crucibles luted together, after they 
had been kept about an hour and half in the 
fire, were taken out, and being weighed, were 
found to have gained fix grains. ] 


EXPERIMENT XV. 
[ wo ounces of copper-plate were put 
into a newcrucible, over which a leffer 
was whelmed, and the commiffures were clofed 
with lute, that nothing might fall in. After 
the fame manner, two ounces of tin were in- 
ciuded betwixt crucibles, and alfo two ounces 
of lead; thefe being put into the cupelling- 
furnance, were kept in a ftrong fire about an 
hour and a half, while fomething elfe was try- 
ing there. And then being taken out, the 
event was, that the copper-plates, though they 
{tuck together, were not quite. melted, and 
feemed, fome of them, to have acquired fcales 
like copper put into a naked fire, and the 
two ounces had gained eight grains in weight. 
The lead had broke through the bottom of 
the crucible, and thereby hindered the defigned 
obfervation. The tin acquired fix grains in 
weight, and was, in part, brought to a pure 
white calx, but much more of it was melted 
into a lump of a fine yellow colour, almoft like 
gold, but deeper.] The profecution of this 
trial, as to the copper-plates, you will meet 
with in Experiment XXI. to which I therefore 
refer you. | | 
N.B. Because lead, incupellation, enters 
the cupel, we were willing to try, if we could 
fo far hinder it from doing fo, as to make 
fome ‘eftimate, what change of weight the 
operation of the fire would make in it: and 
therefore being able already to make a near 
euefs, how much a quantity of tin may gain 
by being calcined on a cupel, and remember- 
ing alfo, from fome of my former trials, the 
indifpofition, which tin gives lead to cupella- 
tion, we mixed a drachm of tin with two 
ounces of lead, and expofing the mixture (in 
a cupel) to the fire under a muffler, we firft 
brought it to fufion, and then it feemed at the 
top dry and fwelled, and difcoloured ; not- 
withftanding which, having continued the ope- 
ration a good while, becaufe of. other things, 
that were to be done with the fame fire, we 
were not lucky enough to bring the experiment 
to an iffue worth the relating here, in reference 
to the fcope above-propoied, though in re- 
lation to another, the fuccefs was welcome 
enough. | 


Vote, Ill, 


EXPERIMENT XVI. 
[ op eeeberattes that if copper were beaten 


into thinner plates than thofe we lately 
ufed, and kept longer in the fire, this would 
have a more confiderable operation upon them, 
we took one ounce of very thinly hammered 
pieces of copper, and putting them betwixt 
two crucibles (one whelmed over another) as 
in Experiment XV. with fome lute at the cor- 
ners of the juncture, to keep the fire from 
coming immediately at the metal, we kept 
them in the cupelling-furnace about three 
hours, and then disjoining the veffels, we 
found the metal covered with a dark and brit- 
tle fubftance, like that defcribed in the above- 
recited experiment. Which fubftance, when 
icaled off, difclofed a finely colcured metal, 
which, together with thefe burned  fcales, 
amounted to oné and. twenty grains above the 
weight, that was firft putin.J 
Ir, when thefe’ things were doing, I had 
been furnifhed with a very good lute, which is 
no fuch eaiy thing to procure, as chemifts, 
that have not frequently employed vulgar lutes, 


are wont to think ; I would have made a trial. 


of the enfuing experiment, for a good while, in 
the naked fire; notwithftanding that divers 
metalline minerals will fcarce be brought té fu- 
ficn in glaffes, efpecially without fuch a fire, 
whofe violence makes them break the veffels. 
For I thought, that by making a fit choice of 
the metals to be employed, I could prevent 
that inconvenience ; but wanting the accom- 
modations I defired, and yet prefuming, that 
in a fand-furnace, ‘I might by degrees admi- 
nifter heat enough. to melt fo fufible a metal 
as fine tin, and keep it in fufion; I refolved 
to make fomie trials, firft upon that, and then 
upon another metal, For though I was not 
fure of being then able to profecute the expe- 
riment far enough ; yet I hoped, I might, at 
leaft, fee fome effects of my firft trial, which 
would enable me to guefs, what I was to cx- 


pect from a compleat one, 


EXPERIMENT XVII 


[ A J E took then a piece of fine block-tin, 

_ and ina pair of good fcales weighed 
out carefully half a pound of it: this we put 
into a choice glafs-retort, and kept it for two 
days, or thercabouts, in a fand-furnace, which 
cave heat enough to keep the metal in fufion, 
without cracking the glafs. Then taking cur 
the mixture, we carefully weighed it in the 
fame fcales, and found the fuperficies a little 
altered (as if it were difpofed to calcinaticn) 
and the weight to be increafed about two grains, 
or fomewhat better. | 


EXPERIMENT XVII 


[ HE other experiment, I tried in glaffes, 
was with mercury, hoping, that, if I 
could make a precipitate per /e, ina hermetically 
4 7 foaled 
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fealed glafs, I fhould, by comparing the weight 
of the precipitate, and the quick-filver, that af- 
forded, have a clear experiment to my pur- 
pofe ; and I fhould have no bad one, if I 
could but make it fucceed with a glafs, though 
not fealed, yet well ftopped ; inflead of thofe 
infernal glaffes (as they call them) which are 
commonly ufed, and wont to be left open 
(though fome flightly ftop them with a lirtle 
paper, or cotton: ) but though, partly, that I 
might a little diverfify the experiment, and 
‘make it the more likely to fucceed in one or o- 
ther of the glaffes, 1 divided the mercury, and 
diftributed it amongft feveral of them, and 
but a little to each, the fuccefs did not anfwer 
expectation, the hermetically fealed glaffes be- 
ine unluckily broken ; and the precipitation 
in the others proceeding fo flowly, that 1 was, 
by a remove, obliged to leave the trial imper- 
fect : only I was encouraged (in cafe of a fu- 
ture opportunity) to renew it another time, by 
finding, that moft of the glaffes, though tall, 
and ftopped with fit corks, afforded fome very 
fair precipitate, but not enough to anfwer my 
defign. | 


TRIALS of the Fourth Sort. 


OST of the experiments hitherto re- 

cited having been made, as it were, 
upon the by with others, whofe exigencies it 
was fit thefe fhould comply with; very few 
of the expofed bodies were kept in the cupel- 
ling-fire above two hours, or thereabouts. 
Upon which account, I thought ft to try, 
how much fome bodies, that had been already 
expofed to the fire, would gain in weight, by 
being again expofed to it; efpecially confider- 
ing, that moft calcinable bodies, (for I affirm 
it not of all,) which yield ratner calces, than 
afhes, by being without additament reduced 
in the fire to fine powder, feemed to be by 
that operation opened, or (as a chemift would 
{peak ) unlocked, and therefore, probably, ca- 
pable of being further wrought upon, and in- 
creafed in weight, by fuch a menftruum, as I 
{uppofed flame, and igneous exhalations to be. 
And about this conjecture, I fhall fubjoin the 
enfuing trials, 


EXPERIMENT XIX. 


i ™ NE ounce of calx of tin, that had been 
made per fe, for an experiment in our 
own laboratory, being put in a new cupel; and 
kept under the muffler for about two: hours, 
was taken out hot, and put into the {fcales, 
where the powder appeared to have gained in 
weight one drachm, and thirty-five grains, by 
the operation of the fire, which made it alfo 
Jook much whiter than it did before, as ap- 
peared by comparing it with fome of the calx, 
that had not been expofed to the fecond fire : 
no part of the putty was, as we could per- 
ceive, melted by the vehemence of the fire, 
much lefs reduced into metal. | 


EXPERIMENT XxX. 
Lele of a parcel of filings of fteel, that 

had been before expofed to the fire, 
and had its weight thereby increafed fome 
grains, not fcruples; we took an ounce, and 
having expofed it at the fame time with the 
calx of tin, and, for the fame time, kept it 
in the fire, we took it out at the two hours 
end; and found the weight to be increafed 
two drachms, and two and twenty grains. 
The filings were very hard baked together, 
and the lump being broken, looked almoft 
like iron. ] 


EXPERIMENT XXI. 
HE following experiment, though it 
at may feem in one regard but a continua- 
tion of the fifteenth, yet it has in this fome- 
thing peculiar from all the foregoing, that not 
only it affords an inftance of the increafe of 
weight obtained by a metal at the fecond time 
of its being expofed to the firé, but fhews alfo, 
thac fuch an increment may be had, though 
this fecond ignition be made in clofe veffels. 

{Some of the copper mentioned in Ex: 
periment XV. being accidentally loft; one 
ounce and four drachms of what remained was 
included betwixt two crucibles and expofed to 
a {trong fire for two hours, and fuffered: to 
continue there till the fire went out: when it 
was taken out, it appeared to have gained ten 
grains in weight, and to have upon the fu- 
perficial parts of the plates (as we obferved ) 
divers dark-coloured flakes, fome of which 
ftuck to the metal, but more, upon handling 
it, fell off. ] 

Anp here I fhall conclude one of the two 
parts of our defigned treatife: for, though, I 
remember, that thefe were not all the trials, 
that were made, and fet down, upon the fub- © 
jet hitherto treated of; yet thefe are the 
chief, that having efcaped the mifchances, 
which befel fome others, I can meet with a- 
mong my promifcuous memorials; whofe 
number, when I drew them together, I could 
{carce increafe, having by all thefe, and other 
trials of differing kinds, wafted my cupels, 
and commodious glaffes, where I could not. 
well repair my lofs. Whether I fhould have 
been able by reduction, fpecifick gravity, or 
any other of the ways, which I had in my 
thoughts, to make any difcowery of the na- 
ture of the fubftance, that made the increment 
of weight in our ignited bodies; the want as 
well of leifure, as of accommodations requi- 
fite to go through with fo difficult a tafk, 
keeps me from pretending to know. But 
thefe three things, I hope, 1 may have gained 
by what has been delivered: the firft, thae 
we fhall henceforth fee caufe to proceed more 
warily in the experiments we make with me- 
tals in the fire, efpecially by cupellation. The 
next, that it will jultify, and, perhaps, pro- 
cure an eafier affent to jome paflages in my 
other writings, that have relation to the fub- 
ftance, whatever it be, that we are {peaking 

of. 
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of. And the third, (which is the principal, ) 
that it will probably excite you, and your in- 
quifitive friends, to exercife their fagacious cu- 
riofity, in difcovering what kind of fubftance 
that is, which, though hitherto overfeen by 
philofophers themfelves, and, being a fluid 


far more fubtil than vifible liquors, and able 
to pierce into the compact and folid bodies of 
metals, can yet add fomething to them, that 
has no defpicable weight upon the balance, 
and is able, for a confiderable time, to con-— 
tinue fixed in the fire. 


ADDITIONAL EXPERIMENTS, 


About ARRESTING and WEIGHING of 


IGNEOUS CORPUSCLES. 


: XPERIMENTS to difcover the 
increafe in weight of bodies, though 
inclofed in glaffes, being thofe, that 

T confidered as likelieft to anfwer what I de- 

figned in the hitherto profecuted attempt, and 

finding the feventeenth experiment, as well as 
the next (tried upon mercury) to be very flow, 
‘and its performance not to be very great, I 
_ began to call to mind, what, many years ago, 
experience had fhewn me poffible to be per- 
formed, as to the managing glafs-veffels, even 
without coating them, in a naked fire, pro- 
vided a wary perfon were conftantly employed 
to watch them. And fuppofing hereupon, 
that in no Jonger time, than a Jaborant might, 
without being tired, hold out to attend a glafs, 
a metal expofed in it to a naked fire might 


afford usa much more profperous trial than. 


that lately referred to, I afterwards refolved, 
when I fhould be able to procure fome glaffes 
conveniently fhaped, to profecute my defign ; 
in purfuance of which, though I had not any 
furnaces fitted for my purpofe, I directed a 
laborant to make the following trials. 


EXPERIMENT LI 


[ \ E, took eight ounces (Troy weight) 
[ of block-tin, which being cut into 
bits, ‘was put into a good round vial with a 
long neck, and then warily held over quick 
coals, without touching them, till it was melt- 
ed; after which, it was kept almoft continu- 
ally thaken, to promote the calcination, near 
an hour, the metal being all the while in fu- 
fion, and the glafs kept at fome diftance from 
the thoroughly kindled coals. The moft part 
of this time the orifice of the Vial was co- 
vered with a cap of paper (which fometimes 
fell off by moving the glafs) to keep the air, 
and fteams of the coals, from getting into the 
neck. ‘And at the end of this tirne,; he, that 
held the glafs, being tired, and having his 
_ hand almoft fcorched, the vial being removed 
from the fire, was broken, that we might 
take out the metalline lump, which had a 
little darkifh calx here and there upon the up- 
per -furface, but much more beneath, where 


it had been contiguous to the bottom of the 
glafs; then putting all this, carefully freed 
from little fragments of broken glafs, into the 
fame balance with the felf-fame counterpoife I 
had ufed before, I found, according to mi 
expectation, an increafe of weight, whic 


amounted to eighteen grains, that the tin had 


acquired by this operation. | 
EXPERIMENT IL 


[’ XHIS done, we feparated the calx for 

fear of lofing it, and having meltéd 
the metal in a crucible, that by pouring it out 
it might be redticed to thin plates, capable of 
being cut in pieces, and put into fuch another 
vial as the laft; we weighed it again, together 
with the lately referved calx, but found, that 
notwithftanding all our care, we had loft three 
grains of the eighteen we had gained. This 
done, we put the metal into, another vial. But 
in regard the neck was fhorter than that of the 
former, and could not; hke it, be long held in 
ones hand; and Lecaufe alfo I was willing to 
fee what intereft the fhaking of melted tin 
has in the quicknefs of the calcination, the 
glafs, which had a {topple of paper put to it 
to keep out fmoke and air, was held at fome 
diftance from the coals, only whilft the tin was 
melting ; and then was warily laid upon them, 
and kept there for two hours; at the end of 
which it was again taken off, and the metal 
weighed with the fame counterpoife and ba- 
lance, as formerly ; and then it appeared to’ 
amount to eight ounces, twenty-four grains, 
and to have much more feparable calx than at 
the firft time. Nor did I much wonder, that 
the weight fhould be increafed, in this laft ope- 
ration, but nine grains in two hours, and in 
the former, twice fo many in half the time; 
fince, during the two hours, the glafs was kept 
in one pofture, whereas, in the firft operation, 
it was almoft perpetually fhaken all the while 
it was kept in fufion. And it it obferved, that 
the agitation of melted minerals will much 
promote the effect of the fire upon them, and 
conduce to their calcination. | 


EX P Ea 


347 


J 


48 


New ExpERIMENTS to make 


EXPERIMENT IIL 


“ANH OUGH thefe trials might well fa- 

_ tisfy a perfon not very f{crupulous, yet to 
convince even thofe, that are fo, I undertock, 
in fpite of the difficulties of the attempt, to 
make the experiment in glaffes hermetically 
fealed, to prevent all fufpicion of any accel- 
fion of weight accruing to the metal, from any 
fmoke or faline particles getting in at the 
mouth of the veffel. And in profecution of 
this defign, I thought upon a way of ‘fo her- 
metically fealing a retort, that it might be ex- 
pofed to a naked fire, without being either 
cracked, or burft; an account of which trial 
was fet down. 

[E1cHT ounces of gcod tin, carefully 
weighed out, was hermetically fealed up in a 
new {mall retort, with a long neck, by which 
it was held in one’s hand, and warily approach- 
ed toa kindled charcoal fire, near which the 
metal was kept in fufion, being alfo ever 
now and then fhaken for almoft half an hour, 
in which time it feemed to have acquired on 
the furface fuch a dark colour, as argued a be- 
ginning of calcination, and it both eimitted 
fumes, that played up and down, and alfo af- 
forded two or three drops of liquor in the neck 
of the retort. The laborant being not able 
to hold the glafs any longer, it was laid on 
quick coals, where the metal continued above 
a quarter of an hour longer in fafion; but be- 
fore the time was come, that I intended to 
fuffer it to cool, in order to the removing it, it 
fuddenly broke in a great multitude of pieces, 
and with a noife like the report of a gun; but 
(thanks be to God) it did no harm neither to 
me, nor others, that were very near it. In the 
neck we found fome drops of a yellowifh li- 
quor, which a virtuofo, that tafted it, affirmed 
to be of an odious, but peculiar fapor; and 
as for the fmell, I found it to be very ftink- 
ing, and not unlike that of the diftilled oil of 
fih. | 

But though our firft attempt of this kind 
had thus mifcarried, we were not thereby dif- 
couraged, but, in profecution of the fame de- 
fign, made the eniuing trial. 


EXPERIMENT IV. 


HE tin, which had been before (in 

the firft, or fome fuch experiment) 
partly calcined ina glafs, being melted again 
in acrucible, that it might be reduced to pieces 
{mall enough to be put into another glafs, was 
put again into the fcales, and the furplufage 
being laid afide, that there might remain juft 
eight ounces; thefe were put into a bolt-head 
of white glafs, with a neck of about twenty 
inches long, which being hermetically fealed 
(after the glafs had been a while kept over the 
fire, left that fhould break by the rarefaction 
of the air) the metal was kept in fufion for 
an hour and a quarter, as (being hindered by 
a company of {trangers from being there my- 
felf) the laberant affirmed. Being unwilling 
to venture the giafs any longer, it was taken 


from the fire, and when it was grown cold, 
the fealed end was broken of : but before I 
vould have the bottom cut out, I obfrved, 
that the upper furface of the metal was very 
darkly coloured, and not at all imooth, buc 
much, and very oddly afperated; and the 
lower part had between the bottom, and the 
lower part of the lump, a pretty deal of loofe, 
dark-coloured calx, though the neighoouring 
furface, and fome places of the lump irlelf, 
looked by candle-light (it being then night) 
of a golden colour, The lump and cakx to- 
pether were werghed in the fame fcales care:- 
fully, and we found the weight to have in- 
creafed twenty three grains, and better, though 
all the calx, we could eafily feparate, being 
weighed by itfelf} amounted nat to four feru- 
ples, or eighty grains. 7 

For confirmation of this experiment, I 
fhall fubjoin another, wherein but a quarter of 
fo much metal was employed, with fuch fuccels, 
as the annexed memorial declares. 


EXPERIMENT VW. 


W O ounces of filings of tin were care- 
[ fully weighed, and put into a little re- 
tort, whofe neck was afterwards drawn flen- 
derly out into a very {mall apex : then the elas 
was placed on kindicd coa!s, which drove out 
fumes at the {mall orifice of the neck for a 
pretty while. Afterwards the glafs, being feal- 
ed up at the apex, was kept in the fire above 
two hours; and then being taken off, was 
broken at the fame apex; whereupon I heard 
the outward fire rufh in, becaufe, when the re- 
tort was fealed, the air within it was highly ra- 
ried. Then the body of the glats being 
broken, the tin was taken out, confifting of a 
lump, about which there appeared fome grey 
calx, and fome very {mall globules, which feem- 
ed to have been filings melted into that form. 
The whole weighed two ounces, twelve grains, 
the latter part of which weight appeared to 
have been gained by the operation of the fire 
on the metal. In the neck of the retort, where 
it was joined to the body, there appeared a yel- 
lowifh and clammy fubftance thinly fpread, 
which {melt almoft like the foctid oil.of tartar.] 


EXPERIMENT VI. 


OQ vary the foregoing experiments by 

making trials on a mineral, that is held 
to be of a very metalline nature, but is not 2 
true metal, nor will be brought to fufion by 
fo moderate a heat, as will fuffice to melt tin, 
and yet has parts lefs fixed than tin, as being 
far more eafily fublimable, we thought fit to. 
make the following experiment. 

[We took an cunce of filings of zink, care- 
fully weighed; and having as carefully put 
them into a round bolt-glafs, we caufed the 
heck to be drawn out vety flender, and then 
ordered the laborant to keep it upon quick 
coals for the appointed time. Afterwards re- 
turning home, I called for the glafs, which, he 
faid, he had kept four hours upon the coals ; 
aniwering me alfo, that there did, for a great 

part 
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part of the time fmoke appear to afcend from 
the zink, and get out at the unftopped apex. 
And in effeét I obferved, that the upper part 
of the glafs was lined with flores or fublimate 
of a darkifh grey. The glafs being dexte- 
roufly cut afunder, we took out, not only the 
filings of zink, fome of which were melted 
into little globules, but the flores too; and yet 
weighing all thefe in'the fame fcales we had 
ufed before, we found five gratns and fome- 
what better wanting of an ounce. Which we 
the lefs wondered at, becaufe of the conti- 
nuance of the lately mentioned exhalations 
emitted by the filed mineral. } 


EXPERIMENT VII. 


OR more ample confirmation of the truth 
difcovered by what I have been reciting 
about tin, I thought ft to try the like experi- 
ment upon another metal, which, though of 
fomewhat more dificult fufion than tin, I had 
reafon to think might, if employed in a mo- 
derate quantity, and warily managed, be kept 
melted in glafs without breaking it. And ac- 
cordingly, “having carefully weighed out four 
ounces of good lead, cut before-hand into 
= little enough for the orifice of the glafs, 
caufed them to be put into a fmall retort with 
along neck, wherein was afterwards left but 
an orifice not much bigger than a pin’s head: 
. then leaving directions with the laborant what 
to do, becaufe I was my felf called abroad, at 
my return he brought me, together with the 
glafs, this account ; that he had kept it over 
and upon the coals two hours, or better, and 
then fuppofing the danger of breaking the 
glafs was over, he had fealed it up at the little 
orifice newly mentioned, and kept it on the 
coals two hours longer. Before the glafs 
(which I found to be well fealed) was broken, 
I perceived the pieces of lead to have been 
melted into a lump, whofe furface was dark 
and rugged, and part of the metal to have been 
turned into a dark-coloured powder or calx: 
all this being taken out of the retort, was 
weighed in the fame balance, whereon the 
lead appeared to have gained by the operation 
fomewhat above thirteen grains. 


EXPERIMENT VIII 


O fhew, that metals are not the only bo- 
| dies, that are capable of receiving an in- 
creafe of weight from the fire, J thought fit to 
make upon coral a trial, whereof my memo- 
nial gives me this account. 

[LitTue bits of good red coral, being 
hermetically fealed up in a thin bubble of glafs, 
after two drachms of them had been weighed 
out in a pair of nice fcales, were warily kept 
at feveral times over and upon kindled coals, 
and at length being taken out for good and 
all, were found of a very dark colour, and to 
have gained in weight three grains and about a 


half. ] 
+ EXPERIMENT IX. 


OX experiment there is, which, though 
XY it might have come in more properly at 


Vor, It, 


another place, is not to be omitted in this, 
becaufe it may invite us to confider, whether, 
in the foregoing experiments, excepting thofe 
made on lead and tin in fealéd veffels, there 
may not be more of the fire adherent to, or in- 
corporated with the body expofed to it, than 
one would conclude barely from the recited in- 
crements of their weight. For having taken 
very ftrong frefh quick-lime, provided on pur- 
pofe for choice experiments, and expofed it, 
before the air had time to flake $t; pon the 
cupel, to a ftrong fire, ‘where it was Kept for 
two hours; I found, that it had increafed in 
weight even fomewhat beyond my expecta- 
tion. For being feafonably put into the ba: 
lance, the lumps, that weighed, when expofed, 
but two drachms, amounted to two drachms 
and twenty-nine grains ; which makes this ex- 
periment a pregnant one to our purpofe: For 
by this it appears, that notwithftanding a body 
may for many hours, or even for fome days, 
be expofed to a very violent fire, yet it may 
be ftill capable of admitting and retaining 
frefh corpufcles ; fo that, though well made 
lime be ufually obferved to be much lighter 
than the {tones whereof it is made, yet this 
lightnefs does riot neceffarily prove, that, be- 
caufe a burnt lime-ftone has loft much of its 
matter by the fire, it has therefore acquired no 
matter from the fire; but only infers, that it 
has loft far more than it has got. And this 
may give ground to fufpect, that in moft of 
the foregoing trials, the acceffion of the fiery 
particles was greater (though in fome more, 
in others lefs fo,) than the balance difcovered.-; 
fince, for aught we know, divers of the lefs 
fixed particles of the expofed body might be 
driven away by the vehemence of the heat ; 
and confequently the igneous corpufcles, that 
fattened themfelves to the remaining matter, 
might be numerous enough, not only to bring 
the acceflion of weight, that was found by 
the fcales, but to make amends for all the fu— 
gitive particles, that had been expelled by the 
violence of the fire. And fince fo fixed a bo- 
dy, as quick-lime, is capable of being wrought 


‘upon by the igneous effluvia, fo as that they 


come tobe, as it were, incorporated with it, it 
may, perchance, be worth confidering, whether 
in other calcined, or incinerated bodies, the re- 
maining calces, or afhes, may not retain more 
than the bare impreffion (unlefs that be ftretched 
to mean fome participation of a fubftance,) of 
the fre. Whether thefe particles, that adhere 
to, or are mingled with the ftony ones of the 
lime, may have any thing to do in the heat 
and tumult, that it produced upon the flaking 
of lime, this is not a fit place to examine. 
And though by this experiment and thofe 
made in fealed retorts, which fhew, that what 
is afforded by fire may in a corporeal way in- 
vacde, adhere, and add weight to even fixed 
and ponderous bodies, there is a large field 
opened for the fpeculative to apply this difco- 
very to divers phenomena of nature and che- 
miftry ; yet I thall leave this fubjeét unmeddled 
with in this place. 
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With fome Reflections on it by way of Cororrary. 


HAT I might ‘obviate fome need- 
lefs fcruples, that may be enter- 
tained by fufpicious wits upon this 
circum ftance of our additional experiments, 
«¢ That the glaffes employed about them were 
“° not expofed to the action of mere flame, 
“ but were held upon charcoals,” (which to 
fome may feem to contain but a groffer kind 
of fire:) and that alfo I might, by diverfify- 
ing the way of trial, render fuch experiments 
both more fit to afford corollaries, and more 
ferviceable to my other purpofes, I attempted 
to make it fucceed with a body fo thin and dif- 
engaged from grofs matter, as mere flame is 
allowed to be, knowing, that by going cau- 
tioufly with it to work, one might handle a 
retort without breaking it, in {pite of a violent 
‘agitation of kindled matter. 


EXPERIMENT I. 


UPPOSING then, that good common 
fulphur, by reafon of its great inflamma- 


‘bility, and the vehemency and penetrancy of 


its flame, would be avery fit fuel for my pur- 
pofe, I provided a {mall double veffel fo con- 
trived, that the one fhould contain as many 
coals, as was neceffary to keep the fulphur 
melted, and that the other, which was much 
{maller, and fhaped like a pan, fhould con- 
tain the brimftone requifite for our trial; and, 
Jaftly, that thefe two fhould be with a conve- 
nient lute fo joined to one another, that all be- 
ing clofed at the top, fave the orifice of the 
little pan, (the fire and fmoke of the coals 
having their vent another way,) no fire fhould 
come at the retort to be employed, but the 
flame of the burning brimftone. Then two 
ounces of filings of tin being heedfully weighed 


‘out, and put into a glafsretort provided for 
fuch trials, and made fit to be eafily fealed wp 
at the neck, when the time fhould be con- 
venient, the fulphur (which ought to be of the 
purer fort) was kindled, and the glafs by de- 
grees expofed to it; where it continued, as 
the laborant informed me, (the fmell of brim- 
{tone, peculiarly offenfive to me, forbidding 
me to be prefent,) near two hours before the 
metal melted; after which, he kept the retort 
near an hour and half more, with the metal 
melted in it. Then bringing it me to loak 
upon, I perceived a pretty deal of darkith 
calx at the bottom, and partly too upon the 
furface of the far greater part of the metal, 
which now lay inone lump. The part of the 
retort, that had been fealed, being broken off, 
we firft took out the calx, and then the lump, 
and putting them into the {fcales, they had been 
formerly weighed in, found them to have 
made a very manifeft acquift of weight, 
which, if both the laborant and I be not mi-. 
{taken, (for the paper, which fhould inform 
us, is now miffing) amounted to four grains 
and a half, gained by the recited operation. 
Afterwards, we being grown more expert in 
making fuch trials, the experiment was re- 
peated with the fame quantity of filings of the 
fame metal: at the end of the operation, 
(which in all lafted fomewhat above three 
hours) having broken off the fealed neck of 
the retort, we found, that a good proportion 
of dark coloured calx had been produced. 
This being weighed with the uncalcined part 
of the metal, the two ounces, we firft put in, 
appeared to have acquired no lefs than eleven 

grains and a half (and fomewhat better.) 
Sucw fuperftructures, both for number 
and weight, may poflibly in time be built on 
this 
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this and the like experiments, that I fhall 
venture to obviate, even fuch a {cruple, as ts 
like to be judged too fceptical. But I remem- 
ber, that, confidering upon occafion of fome 
of the experiments formerly recited, that 
though it were very improbable, yet it did not 
appear impoffible, that the increment of weight, 
acquired by bodies expofed in glafs-veffels to 
the fire, might proceed, not from the cor- 
pulcles of fire, but from the particles of the 
glafs it felf, loofened by the power of {fo in- 
tenie a heat, and forcibly driven into the ine 
clofed body ; I was content to take a couple 
of glaffes, whereof one was fhaped into a 
little retort, and having weighed them, and 
then having kept them for a confiderable time 
upon kindled coals, and then weighed them 
again, I could gather little of certainty from 
the experiment, (the retort at one time feem- 
mg to have acquired above half a grain in the 
fire,) fave that there was no likelihood at all, 
that fo confiderable an encreafe of weight, as 
we divers times obtained in clofe veffels, fhould 
——— from the glafs it felf, and not from the 
fire. 


EXPERIMENT Ii. 


QECAUSE it feems evident enough, that, 

whatever chemifts tell us of the hypo- 
ftatical fulphur, common brimftone is a body 
heterogeneous enough, having in it fome parts 
of an oily or inflammable nature, and others a- 
cid, and very near of kin to the fpirits of vi- 
triol s 1 thought fit to vary our experiment, 
by making it with a liquor, that is generally 
reputed to be as homogeneous as chemufts them- 
felves are wont to render any, I mean witha 
{pirit of wine, or fome fuch liquor as will to- 
tally flame away without affording foot, or 
leaving any drop of phlegm behind it. In 


profecution of this defign, we carefully weigh- 


ed out an ounce of filings Of block-tin, and 
put them into a glafs retort, fit for the pur- 
pofe, whofe neck was afterwards drawn out to 
a great flendernefs ; and we alfo provided a 
conveniently fhaped metalline lamp, fuch as 
that the flame of this ardent fpirit might com- 
modioufly burn in it, and yet not melt or crack 
it; which lamp, though furnifhed with a cot- 
ton wick, afforded no foot, becaufe, as long as 
it was fupphied with liquor enough, it remain- 
ed unburnt. Theie things being in readinefs, 
the retort was warily approached to the flame, 
and the metal was thereby in a fhort time melt- 
ed. After which, the glafs being kept expofed 
to the fame flame for near two hours in all, the 
fealed apex of the retort was broken off, and 
there appeared to have been produced a not in- 
confiderable quantity of calx, that lay loofe a- 
bout the remaining part of the tin, which, up- 
on its growing cold, was hardened intoa lump. 
This, andthe calx, being taken out of the re- 
tort with care, that no little fragment of glafs 
fhould at all impofe upon us, was weighed in 
the fame fcales as formerly, and found to have 
oained four grains and a half, befides the duft, 
thac ftuck in the infide cf the retort, cf which 
we reckoned enough to make about halfa grain 
more; fo that of fo fine and pure a flame, as 


‘tin. 


of this totally ardent fpirit, enough to amount 
to five grains was arrefted, and in good mea- 
{ure fixed by its operation on the tin it had 
wrought upon, 


EXPERIMENT IIL. 


OR confirmation of the former trial, 

wherein we had employed the /piritus ar- 
dens of jugar, we made the like experiment: 
with highly rectified fpirit of wine, only fub- 
{tituting an ounce of lead inftead of one of 
The event, in fhort, was this ; that af- 
ter the metal had been for two hours or better, . 
kept in the fame, the fealed neck of the re- 
tort being broken off, the external air rufhed 
in with a noife, (which fhewed the veffel to 
have been very tight,) and we found pretty 
{tore of the lead ; for it was above feven fcru- 
ples, turned into a greyifh calx, which toge- 
ther with the reft of the metal being weighed 
again, there was very near, if not full fix grains 
of increafe of weight acquired by the operation. 

1. N.B. Tue lump of lead, that remained 
after the newly recited operation, being fepa- 
rated from the calx, was weighed and cut in 
pieces, that it might be put into a frefh retort, 
wherein it was again expofed to the flame of 
fpirit of wine, that I might fatisfy my felf, 
whether probably the whole body of the lead 
might not, by repeated operations, or (per- 
haps‘by ene continued long enough) be te- 
duced to calx. And though, after the retort 
(whofe neck had been drawn out) had been 
kept in the flame for about two hours, it was, 
by the negligence of a foot-boy, unluckily 
broken, and fome of the calx loft; yet we 
made a fhift to fave about five grains of it, 
(whofe colour was yellowifh 3) which was e- 
nough to make it likely, that, if we had had 
conveniency to purfue the operation to the ut- 
moft, the whole metal might have been cal- 
cined by the action of the flaming {pirit. 

2. N.B. Awp left you fhould be induced 
by fome chemical conceits to imagine, that the 
particles, that once belonged to flame, did 
make more than a coalition with thofe of the 
lead, and by a perfect union were really tranf- 
muted into the metal whofe weight they en- 
creafed ; I fhall add, that (according to a me- 
thod elfewhere delivered) I examined the feven 
{cruples of calx, mentioned to have been made 
inthe third experiment, by weighing them in 
air and water, and thereby found, as I expected, 
that though the abfolute gravity of the metal 
had been encreafed by the particles of flame, 
that ftuck faft to it, yet this aggregate of lead 
and extinguifhed flame had loft much of its 
{pecifick gravity. For whereas lead is wont te 
be, to water of the fame bulk, as about eleven 
and an half to one; the fubtil calx of lead 
was to water of the fame bulk, little, if at all, 
more than as nine to one. 

THESE are not the only experiments I rfiade 
of the operation of mere flame upon bodies 
inclofed in glaffes ; but thefe, I fuppofe, are 
fuficient to allow me to comply with my pre- 
fent hafte, and yet make good the title pre- 
fixed to this paper. For whence can tifis en- 
creafe of abfolute weight (for I {peak not of 

{pecifick 
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fpecifick gravity,) obferved by us in the metals 
expofed to the mere flame, be deduced, but 
from fome ponderable parts of that flame? 
And how could thofe parts invade thofe of the 
metal inclofed in a glafs, otherwife than by 
paffing through the pores of that glafs ? But 
becaufe I judge it unphilofophical, either to be 
more careful, that what one writes fhould ap- 
pear ftrange, than be true ; or to be forward 
to advance the repute of itrangenefs, to the 
prejudice of the intereft of truth, though it 
be perhaps but a remote one, or a collateral 
one; I fhall deal fo impartially, as to fubjoin 
on this occafion two or three fhort intima- 
tions, that may prove both feafonable for .cau- 
tion, in reference to the poroufnefs of glafs, 
and give a hint or two in relation to other 
things. 

I do not then, by the foregoing experiments, 
pretend to make out the porofity of glafs any 
farther, than is expreffed in the title of this 
paper ; namely, in reference to fome of the 
ponderable parts of flame. For otherwile | 
am not at all of their mind, that think glafs is 
eafily penetrable, either, as many do, by 
chemical liquors ; or, as fome, by quick-filver ; 
or, as others, at leaft by our air; thofe opi- 
nions not agreeing with the experiments | 
made purpofely to examine them, as you may 
find in another paper. 

AGAIN, if we compare the increafe we 
obferve to be made in the weight of the bo- 
dies, that we expofe to the naked fire, and 
thofe of the fame or the like kinds, that we 
included in glaffes, or fo much as in crucibles ; 
it may be worth confidering, whether this dif- 
ference in acquired weight may not give caufe 
ro fufpect, that the corpufcles, whereof fire 
and flame confifts, are not all of the fame 
fize, and equally agitated, but that the inter- 
pofed veffel keeps out the groffer particles like 
a kind of ftrainer, though it gives pafflage to 
the minuteft and moft active. 

I offer it alfo to confideration, whether this 
pervioufnefs of glafs, even to the minute par- 
ticles, that pervade it, and their adhefion to 
the metal they work on, does neceffarily imply 
pores conftantly great enough to tran{mit fuch 
corpufcles: or, whether it may not be faid, 
that glafs is generally of a clofer texture, than 
when in our experiments the pores are opened 
by the vehement heat of the flame, that beats 
upon it, and in that ftate, may let pafs cor- 
pufcles too big to permeate glafs in its ordinary 
{late ; and, that this penetration is much af- 
fitted by the vehement agitation of the igneous 
parts, which, by the rapidnefs of their motion, 
both force themfelves a paffage through the 
narrow pores of the glaifs, and pierce deep 
enough into thofe of the included body, to 
{tick faft there; (as hail-fhot thrown with one’s 
hand again{ft a board will pafs off from it, 
but being fhot out of a gun will pierce it, and 
lodge themfelves in it:) and I know a men- 
{truum, that does not work upon a certain me- 
tal, whilft the liquor is cold, or but faintly 
heated; and yet by intending the heat would 
be made to turn it into a powder or calx, (for 
it does not not properly diffolve it.) 
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PERHAPS it may not be amifs to add on 
this occafion, that though glafs be generally 
acknowledged to have far fmaller pores, than 
any other matter wont to be implied to make 
veffels, that are to be expofed to the fire ; yet, 
till I be farther fatished, I fhall forbear both to 
determine, whether the rectitude, that fome 
philofophers fuppoie in the pores of elafs, as 
it is a tranfparent body, or rather in their ranks 
or rows, may facilitate the previoufnefs we 
above obferved in glafs, and to conclude from 
the foregoing experiments, that ponderable 
parts of flame will be able, as well to pafs 
through the pores of metalline veffels, as thofe 
of glafs. For though, with a filver veffe), 
made merely of plate, without foder, I made 
two or three trials, (of which you may com- 
mand an account) in order to the refolving of 
thele doubts ; yet by-an accident, which, 
though it were not a furprizing one, was un- 
lucky enough to defeat my endeavours, I was 
kept, for want of fit accommodations, from 
bringing my intended trials to an iffue. 

AND now having endeavoured by the fore- 
ing advertifements, to prevent the having unfafe 
confequences drawn from our experiments ; it 
remains, that I briefly point at three or four 
corollaries, that may more warily be deduced 
from them. To which, if I get time, I may 
fubjoin a hint or two about further enquiries. 


COROLLARY I. 


Confirming this paradox, that flame may a as 
a menfiruum, and make coalitions with the 
bodies it works on. 


iF Baio experiments we have made and re- 
cited, of the permeating of flame (as 
to fome of its parts) through glafs-veffels, and 
of its working on included metals, may much 
confirm the paradox I have elfewhere propoted, 
that flame may be a menftruum, and work on 
{ome bodies at the rate of being fo; I mean, 
not only by making a notable comminution 
and diffipation of the parts, but by a coalition 
of its own particles, with thofe of the fretted 
body, and thereby permanently adding fub- 
{tance and weight to them. Nor is it repug- 
nant to flame’s being a menftruum, that in 
our experiment, the Jead and tin, expofed to 
it, were but reduced te powder, and not dif- 
folved in the form of a liquor, and kept in 
that ftate. For, befides that the interpofed 
glafs hindered the igneous particles from get- 
ting through in plenty enough ; Iconfider, that 
it is not neceflary, that all menftruums fhould 
be fuch folvents, as the objection fuppofes. For 
whether it be (as I have fometimes fufpected, ) 
that menftruums, that we think fimple, may 
be compounded of very differing parts, where- 
of one may precipitate what is diffolved by 
the other; or for fome other caufe, I have not 
now time to difcufs. Certain it is, that fome 
menftruums cerrode metals and other bodies, 
without keeping diffolved all, or perhaps, any 
confiderable part; as may be feen, if you 
put tin in a certain quantity of aqua fortis, 
which will in a very fhort time reduce it al- 
moft totally to a very white fubftance, which, 

when 


COROLLARIES. 


when dry, is a kind of calx. And fo by a 
due proportion of oil of vitriol, abftracted from 
quickiliver by a ftrong fire, we have divers 
times reduced the main body of the mer- 
cury into a white powder, whereof but an in- 
confiderabie part would be diffoluble in water. 
find fuch a white calx I have had by the 
action of another fretting liquor on a body 
not mitalline. 

Anp having thts cleared our paradox of 
the oppofed difficulty, my haft would imme- 
diately carry me on to the next corollary, 
were it not, that there is one phenomenon, 
belonging to this place, that deferves to be’ 
taken notice of. For, whether it be, as feems 
probable, from the vehement agitation of the 
permeating particles of flame, that violently 
tear afunder the metalline corpufcles,; or from 
the nature of the igneous menftruum, (which 
being, as it were; percolated through gla({s it- 
felf, muft be ftrangely minute;) it is worth ob- 
ferving, how fmall a proportion, in point of 
weight, of the additional adhering body, 
may ferve to corrode a metal, in comparifon 
of the quantity of Vulgar menftruums, that is 
requifite for that purpofe. For, whereas we 
are obliged to employ, to tlie making the fo- 
lution of crude lead, feveral times its weight 
of fpirit of vinegar; and (though not fo many 
times) even of aqua fortis, it wa’ obferved in 
our experiment, that, though the lead was en- 
creafed but fix grains in weight, yet above fix 
fcore of it were fretted into powder, fo that 
the corrofive body appeared to be about the 
twentieth part of the corroded. 


COROLLARY It. 


Propofing a paradox about calcination, and 
calces. 


A, NOTHER confequence, deducible from 
: our difcovery of the pervicufnefs of glats 
to flame, may be this; that there is caufe to 
queftion the truth of what is generally taken 
for granted about calcination; and particularly 
of the notion, that not only others, but che- 
mifts themfelves, have entertained about the 
calces of metals; and minerals; For, where- 
as it is commonly fuppofed; that in calcination 
the greater part of the body is driven away; 
and only the earth; to which chemifts add the 
fixed salt, remains behind ; and whereas even 
mechanical philofophers, (for two or three of 
them have taken notice of calcination, ) are of 
opinion, that much is driven away by the vio- 
denice of the-fire, and the remaining parts, by 
being deprived of their more radical and fix- 
ed moifture, are turned into dry and brittle 
particles: Whereas thefe notions, I fay, are 
entertained about calcination, it feems, that 
they are not well framed, and do not univer- 
fally hold; fince, at leaft, they are not ap- 
plicable to the mietals, our experiments were 
made on. For, it does not appear by our 
trials, that any proportions worth regarding, 
of moift and fugitive parts, was expelled in 
the calcination ; but it does appear Very plain- 
Jy, that by this operation the metals gained 
more weight than they loft; fo that the main 
Vos. Ul, 


body of the metal remained entire, and was 
far from being, either as a peripatetick would 
think, elementary earth, or a compound of 
earth and fixed falt, as chemifts commonly 
fuppofe the calx of lead to be. From which 
very erroneous hypothefis they are wont to 
infer the {weet vitriol of lead, which they call 
faccharum Saturni, to be but the fweet falt of 
it extracted only by the fpirit of vinegar, 
which does indeed plentifully enough concur 
to compofe it. Whence I conclude, that the 
calx of a metal even made as they fpeak, per fe; 
that is, by fire without additament, may be, 
at leaft in fome cafes; not the caput mortuum, 
or terra damnata, but a magiftery of it. For, 
in the fenfe of the moft intelligible of the che- 
mical writers, that is properly a magiftery, 
wherein the principles are not feparated, but 
the bulk of the body being preferved, it ac- 
quires a new and convenient form by the addi- 
tion of the menftruum, or folvent,; employed 
about the preparation. And, not here to bor- 
row any argument from my notes about par- 
ticular qualities, you may guefs, how true it is; 
that the greateft part of the body, or all the 
radical moifture, is expelled in calcination, 
which therefore turns the metal into an arid, 
unfufible powder 5 by this, that I have feveral 
times; from calx of lead, reduced corporal 
lead. And I remember, that having taken, 
what I gueffed to be but about a third, or 
fourth part, of the calx of lead, produced by 
the third experiment, I found by a trial pur- 
pofely devifed, that without any flux-powder, 
or any additament, but meerly by the applica- 
tion of the flame of highly rectified fpirit of 
wine, there could, in a fhort time be obtained 
a confiderable proportion of imalleable lead ; 
whereof the part I had the curiofity to exa- 
mine, was true malleable leads fo litrle was 
the arid powder, whence this was reduced; 
deprived by the foregoing calcination of the 
{uppofed radical moifture requifite to a metal. 
The confideration of what may be drawn 
from this reduction; in reference to the doc+ 
trine of qualities, belongs not to this place. 


COROLLARY II. 


™, NE ufe, among the reft; we may make; 
by way of corollary, of the foregoing 
difcovery, which 1s in reference to a contro- 
verfy warmly agitated among the corpufcular 
philofophers ‘themfelves. For fame of them, 
that follow the Epicurean or atomical hypothe- 
fis, think, that when bodies are expofed in 


‘clofe veffels to the fire, though the igneous 


corpufcles do not ftay with the bodies they in- 
vade;, yet they really get through the pores of 
the interpofed veffels, and permeate the in- 
cluded bodies in their paffage upwards 3 
whereas others, efpecially favourers of the 
cartefian doétrine, will not allow the atomitts 
igneous corpufcles,; which they take to be but 
vehemently agitated particles of terreftrial mat- 
ter; to penetrate fuch minute pores as thofe of 
slafs; but do fuppofe the operation of the 
fire to be performed by the vehement agita- 
tion made of the finall parts cf the glafs, and 
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Jately delivered of the leflened fpecifick gravity Exp. IL 
of calcined lead ) feems plainly enough to difco- N. 8: 2: 


by them propagated to the included bodies, 
whofe particles, by this violent commotion, 


are notably altered, and receive new textures, 
or other modifications. 

Bur our experiments inform us, that, 
though ‘neither of the two opinions feems fit to 
be defpifed, yet neither feems to have hit the 
very mark ; though the Epicurean hypothefis 
comprife fomewhat more of the truth, than 
the other. For, though it be not improbable, 
that the brifk agitation, communicated by the 
{mall parts of the glafs to thefe of the body 
contained in it, may contribute much to the 
effect of the fire; and though, by the {mall 
increment of weight, we found in our expofed 
metal, it is very likely, that far the greater 
part of the flame was excluded by the clofe 
texture of the glafs3 yet, on the other fide, 
it is plain, that igneous particles were trajected 
through the glafs, which agrees with the Epicu- 
reans ; and they, on the other fide, miftook, 
in thinking, that they did but pafs through, 
and divide, and agitate the included bodies; 
to which, neverthelefs, our experiments fhew, 
that enough of them, to be manifeftly pon- 
derable, did permanently adhere. 

WHETHER thefe igneous corpufcles do 
ftick, after the like manner, to the parts of 
meat, dreffed by the help of the fire, and ef- 
pecially roaft-meat, which is more imme- 
diately expofed to the action of the fire, may 
be a queftion, which I fhall now leave un- 
difcuffed, becaufe I think it difficult to be de- 
termined, though, otherwife, it feems wor- 
thy to be confidered, in regard it may con- 
‘cern men’s health to know, whether the coc- 
tion of meat be made by the fire, only as it 
is a very hot body, or whether it permanently 
communicates any thing of its fubftance to 
the meat expofed to it: in which laft cafe, it 
may be fufpected, that not only the degree, 
and manner of application of a fire, but the 
nature of its fuel, may be fit to be confi- 


dered. 
COROLLARY IV. 


T HE experiments above recited give us 
this further information, that bodies very 
{pirituous, fugitive, and minute, may, by being, 
affociated with congruous particles, though of 
quite another nature, fo change their former 
qualities, as to be arrefted, by a folid and pon- 
derous body, to that degree, as not to be dri- 
ven away from it by a fire intenfe enough to 
melt and calcine metals. 

For the foregoing trials (taking in what I 


ver, that even the agitated parts of fame, mi- 
nute enough to pafs through the pores of glafs 
itfelf, were, as it were, entangled among the 
metalline particles of tin and Icad, and there- 
by brought to be fixed enough to endure the 
heat, that kept thefe metals in fufion, and 
little by little reduced them into calces: which 
is a pheenomenon, that one would not eafily 
Jook for, efpecially confiderine how fimple a 
texture, that of lead or tin may be fuppcf:d 
to be, in comparifon of the more elaborate 
ftructures of very many other bodies. And 
this phenomenon, which fhews us, what light 
and fugitive particles of matter may perma 
nently concur to the compofition of bodies 
ponderous and fixed enough, may perchance 
afford ufeful hints to the fpeculative ; efpecial- 
ly if this {trict combination of fpirituous and 
fugitive fubftance with fuch, as being grofs or 
unwieldy, are lefs fit, than organized matter, to 
entangle or detain them, be applied, (as it 
may be with advantage) to thefe aggregates 
of fpirituous corpufcles, and organical parts, 
that make up the bodies of plants and animals. 
And this hint may fuggeft a main inference to 
be drawn from the operations of the fun- 
beams on appropriated fubjects, fuppofing it 
to prove like that of flame on tin and lead. 

AnpD now having difpatched our corolla- 
ries, we might here enquire, whether all the 
particles of fire and flame, that are fubtil, and 
agitated enough to penetrate glafs, and faften 
themfelves to included bodies, be reduced. by 
ignition to the fame nature, or elfe retain 
fomewhat of their proper qualities ? which en- 
quiry I have fome caufe not to think fo un- 
determinable, as at firft blufh it may appear. 
For one of the ways, that may be propofed 
for this examen, is already intimated at the 
clofe of the third experiment; which fhews, 
that we may compare the fpecifick gravity of 
the calces of the fame metal, made in glaffes 
by the operation of flames, whofe fuels are 
of very differing natures. And I faid, one of 
the ways, becaufe it is not the only way I 
could name, and have partly tried. But though 
I might fay more concerning expedients of 
this kind, and could perhaps propound other 
enquiries, that may reafonably enough be 
srounded upon the hitherto recited phzeno- 
mena, (and thofe of fome other like trials) 
yet I muft not unfeafonably forget, that the 
purfuit of fuch difquifitions would lead me 
much farther, than I have now the leifure to 
follow it. 


A 
L E YT T E R 
CONCERNING 
AMBERGREASE, 

And iis being 
A VEGETABLE PRODUCTION, 


Firft publifhed in the Purtosopuica, Transactions, N°. XCVII. 
p- 6113, for September 13, 1673, 


STIR, 

OME otcafions calling me this after- 
S noon up to London, I met there, with a 

very intelligent gentlemat, ‘who Was 
ready to go out of it; but befére he did -fo, 
he willingly fpared me fome jime to difcourfe 
with him about fome of the affairs of our Eaft- 
Indian Company, of which he-was very ‘lately 
deputy-governour ; and, hi’ :year being ex- 
pired, is ftill one of the chief of the cotirt of 
committees, which a foreigner would call di- 
rectors, that manage all the affairs of that con- 
fiderable fociety. And, among other things, 
talking with him about fome contents of .a 


journal fately taken in a Dutch Eaft-Indian™ 


prize, [learned from him, that he, who un- 
derftands that language very well, is now peru- 
fing that manufcript, and, among many other 
things recorded there, that concern the oeconomi- 
cal, and political affairs of the faid Dutch Com- 
pany, he met with one phyfical obfervation, 
which he thought fo rare, that remembring 
the curiofity I had expreffed for fuch things, he 
put it into Englifh, and tranfcribed it for me, 
and immediately drawing it out of his pocket, 
he prefented me the fhort paper, whereof I 
now fhew you the copy: upon perutal of 
which, you will very eafily believe, that not 
only his civility obliged me, but the informa- 
tion it brought me, furprized me too. For 
the feveral trials, and objervations of my own, 
about ambergreafe, have long kept me from 
acquiefcing either in the vulgar opinions, or 
thofe of fome learned men concerning it; yet 


I confefs, my experiments did much lefs dif- 
cover what it is, than this paper has done, in 
cafe we may fafely and entirely give credit to 
its information, and that it reach toall kinds 
of ambergreafe. And, probably, “you will be 
invited to laok on this account, though not as 
complete, yet, as very fincere, and, on that 
{core, credible, if you confider, that this was 
not written by a philofopher, to broach a para- 
dox, or fervé an hypothefis, but by a mer- 
chant, or factor,' for his fuperiors, to give 
them an account of a matter of faét ; and that 
this paffage is extant in an authentick journal, 
wherein the affairs of the company were, by 
publick order, from time to time regiftered, 
at their chief colony, Batavia, And it ap- 
pears by the paper itfelf, that the relation was 
not looked upon as a doubtful thing, but as a 
thing, from which a practical way may be de- 
duced to make this difcovery ealfily lucriferous 
to the Dutch Company. And I could heartily 
wifh, that in thofe countries, that are addicted 
to long navigations, more notice, than is ufual, 
were taken and given of the natural rarities, 
that occur to merchants and feamen. On which 
occafion, I remember, when I had, in com- 
pliance with my curiofity, put myfelf into our 
Faft-Indian Company, and had, by their ci- 
vility to me, Been chofen of their committee, 


as long as my health allowed me to continue. 


fo, I had the opportunity, in fome regifter- 
books of merchants, Englifh and Dutch, to 
obferve fome things, which would eafily juf- 
tify this wifh of mine, if my hafte, and their 
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A LETTER concerning AMBERGREASE. 


intereft, would permit me to acquaint others Follows the Extraé itfelf out-of a Dutch journal, 
‘belonging to the Dutch Eaft-{Lndian Company. 


with them. But to return to our account of 
amberegreafe, I think you will eafily believe, 
that, if I had received it not by a paper, but 
immediately from the writer, I fhould, by pro- 
pofing divers queftions, have been enabled to 
give you amach more fatisfactory account, than 
this fhort one contains. But the obliging per- 
fon, that gave it me, being juft going out of 
town, I could not civilly ftay him to receive 
my queries about it; which though (God per- 
mitting) 1 may propofe, ere long, if I can 
light on him again, yet I fear he has given me, 
in thefe few lines, all that he found about this 
matter. -However, this relation, as fhort as it 
is, being about the nature of a drug fo pre- 
cious, and fo little known, will not, I hope, 
be unwelcome to the curious; to whom none 
is fo like to convey it fo foon, and fo well, as 
Mr. O.; whofe forwardnefs to oblige others by 
his various communications, challenges returns 
of the like nature from others, and particular- 
ly from his affectionate humble fervant. 
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MBERGREASE is not the fcum, 
or excrement of the whale, &c. but 
iffues out of the root of a tree, which tree, 
how far foever it ftands on the land, always 
fhoots forth its roots towards the fea, feek- 
ing the warmth of it, thereby to deliver the 
fatteft gum, that comes out of it : which tree, 
otherwife, by its copious fatnefs, might be 
burned and deftroyed. Wherever that fat 
gum is fhot into the fea, it is fo tough, that 
it is not eafily broken from the root, unlefs 
its own weight, and the working of the 
warm fea doth it, and fo it floats on the fea, 
* THereE was found, by a foldier, 3 of a 
pound, and by the chief, two pieces weigh- 
ing five pounds. if you plant the trees, 


where the ftream fets to the fhore, then the 
ftream will caft it up to great advantage. 
March 1, 1672, in Batavia : journal advice 
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TRACTS, 


T RA 


CONSISTING OF 


OBSERVATIONS about the SALTNEss of the SEa. 


An Account of aStTaTIcAL HyGroscops, and its 
U SES. 
TOGETHER WITH 
An APPENDIX about the Force of the ArrR’s 
MolISTURE. 


A FRAGMENT about the Narurat and PRETER- 
NATURAL STATE of BopDIES. 


To all which is premifed, 


A ScerTicaL DIALOGUE about the POsITIVE of 
PRIVATIVE NATURE of GOLD. 


WITH 


Some EXPERIMENTS of Mr. BOY L E’s referred to 
in that Difcourfe. 


OF THE 


POSITIVE or PRIVATIVE NATURE 


C O 


L OD. 


A ScEPTICAL DIALOGUE between CARNEADES, 
THEMIsTIUS, ELEUTHERIUS, PHILOPONUS. 


SECTION I, 


Eleuth. AY one be allowed to afk 
: M Carneades, what book it is 
he is reading with fo much 
attention ? 
_ Carn. The queftion, Eleutheri ins, is very 
allowable, and as eafily anfwered, by faying, 
that what I was reading, is our friend Mr, 
Boyle’s newly publifhed Hiftory of Cold: 
Vou. Il. 


Them. Your readinefs, Carneades, to an- 
fwer, encourages me alfo to afk you a quef- 
tion ; which fhall not be, as probably you ex- 
pect it fhould, how you like this new piece ? 
for I know you would be too kind to the au- 
thor, not to tell me; that he has detected fome 
old errors, and madeé difcévery of fome new 
trtths : ‘but my queftion fhall be about what 
is my wonder, as well as that of divers others, 
Who think it ftrange, that a writer, that has 
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Of the PosiTIVE or PRIVATIVE NATURE 


delivered fo many effects and other phzeno- 
mena of cold, fhould omit to tell us fo much, 
as whether he afferts it to ‘be a pofitive quality, 
gr-a bare privation of heat ; as, fince Cardan (in 
his treatife De Subsilitate) iome other learned 
men, and efpecially Cartefius, have maintained. 

Carn. You will not wonder, if a perfon, 
that you look upon, and I confefs not inju- 
rioufly, asa friend toMr. Boyle, tell you; that 
this author, by the many hiftories he has pre- 
fented us, and by his not feeming to dare to 
determine the controverfy you have mention- 
ed, fhews, that he was more folicitous to ief- 
fen his ignorance, than to pretend to know- 
ledge: and upon the obfervation I have made 
of his humour in general, I prefume one prin- 
cipal reafon of his filence may be, that he has 
not yet compleated the trials he had defigned 
about cold; and thinks, that in abftrufe fub- 

jects, fuch as thisis, itis not fo convenient to 
deliver a pofitive opinion of the nature:‘of it at 
the beginning, as to referve it for the latter 
end, after the hiftory of the phzenomena ; 
wlien the ‘nature of the thing enquired into 
may, as it were, fpontaneoufly refult from the 
confiderations fuggefted by the precedent mat- 
ters of fact furveyed together. 

Eleuth. Ir fuch a warinefs weré indeed the 
motive of your friend’s filence, I fhall eafily 
excufe it; and perhaps think too, that the like 
would not mif-become naturalifts on many o- 
ther occafions. And yet I do not diflike Te. 
sniftius’s queftion ; for itis one thing to venture 
upon declaring the adsequate nature of cold, 
and another to determine, whether it be a po- 
fitive, or a privative quality? the latter at- 
tempt importing a much lefs venture than the 
former. 

Carn. I will not pretend to know the ve- 
ry reafons, that induced the author filently to 
pafs by this controverfy; but having been 
ofice prefent, when he had occafion to difcourfe 
of it, I then conjectured, that among his ex- 
periments of cold, that are not yet publifhed, 
there may be fome uncommon ones, that may 
have fuggefted to him {fcruples, which obliged 
him to forbear declaring himfelf, till he had 
cleared them, which thofe, that are unacquain- 
ted with fuch trials, may probably have never 
thought of. 

Them. Ir what you call a controverfy, were 
indeed worthy of that name, I fhould not un- 
willingly allow of your friend’s filence; but 
the opinion broached by Cardam, and adopted 
by Mr. Des Cartes and others, feems to me fo 
devoid, not only of reafon, but of all appear- 
ance of it, that methinks one, that has deliver- 
ed fuch confiderable effects of cold, as Mr. 
Boyle has done, may well afcribe to their caule, 
at leaft, a pofitive nature; and, without at all 
being guilty of boldnefs, reject an opinion, 
that is not only barely an error, but an extra- 
vagance, and perhaps a plain abfurdity. 

Carn. Possizpty the gentleman we are 
fpeaking of, may be wary and fceptical enough 
to reckon among difficult things, not only the 
declaring the adzequate nature of cold, and the 
manner of its operations; but the demontftra- 
ting, whether it be a pofitive quality or not. 


And though I will not take upon me to know 
his thoughts about that fubjeét, which, per- 
haps, are grounded upen fome of his peculiar 
experfments and notions; yet, for difcourfe 
fake, I am content to debate with Thcmiftins, 
Whether or no the opinion, he fo feverely cen- 
fures, be not only erroneous, as, for aught ap- 
pears, Mr. Boyle himfelf may be found to have - 
thought it ; but allo, as Themiftius would have 
it, abfurd. | 

Them. \ readily accept of your offer ; for it 
cannot be ah unpleafant entertainment to ob- 
ferve the arts, whereby one, that I know will 
not fpeak impertinently, will endeavour to 
make reafon elude the cleareft teftimonies of 
fenfe. And though I might prefs you with 
the concurrent authority of Avifotle, and all 
the philofophers, that have lived: between his 
time and thofe of that extravagant fellow Car- 
dan; yet I fhall rather employ, to convince 
you, the authority and reafons of a grand 
leader among your new philofophers, who be- 
ing a great broacher of paradoxes, and having 
upon that fcore written books exprefsly againft 
Ariftotle, was not like to have fided with him, 
unlefs the evidence of truth had, as it were, 
neceffitated him to do fo. 

‘Carn. I ptefume, you mean the learned 
and fubtle Gajfendus, whom I am glad you 
have pitched upon for your caufe’s champion, 
not only becaufe, in defending the common o- 
pinion, he waves the common prattice of 
troubling his readers with a multitude of au- 
thorities, which to me, in fuch a cafe as this, 
wotild fignify very little, and betakes himfelf 
to arguments ;_ but becaufe, being fo modern 
and judicious a Writer, we may well fuppofe 
him to have fummed up and improved what 
can be faid in behalf of the caufe he maintains. 
Upon which account, I fhall be excufed trom 
anfwering impertinent objections againft the 
opinion I defend, and from the trouble of 
ranging about, among other authors, for more 
weighty arguments than thofe, which the dif 
proving of his will fhew to be unfatisfactory. 

Them. I am glad you named the author I 
meant, Carneades, for I apprehended you 
had not met with what he fays upon this fub- 
ject ; becaufe I could fcarce imagine, that an 
intelligent perfon, after having read his argu- 
ments, will doubt of a truth he hath fo clearly 
evinced by them. But fince I perceive you 
have feen what he has written, I fhall, with- 
out farther preamble, propofe his reafons to 
you, though not in the very fame order, where- 
in he has couched them. 

Lleuth. But before you begin them, give 
me leave to afk Carneades a fhort queftion, 
whofe anfwer will, I fuppofe, conduce, if not 
be neceflary, to the clearing of the ftate of the 
controverfy betwixt you. For it is one thing 
to deny belief to the received opinion, that 
cold is a pofitive quality, and another thing to 
affert, that it is but a privation of heat ; fince, 
if Carneades does undertake the latter of thefe 
two, he mult bring pofitive arguments to prove 
cold to be but, a negative thing. Whereas, if 
he content himfelf to play 2 doubting part, it 
may fufice him, being in effect but a defen- 

dant, 


Sect. I. 
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dant, to fhew, that the proofs brought to con- 
clude cold to be a pofitive quality are not 
cogent. 

Carn, I acknowledge your queftion, Eleu- 
therius, to be pertinent, and not unfeafonable. 
And, I prefume, you will not be furprized, 
_ that a perfon accufed of fcepticifm anfwers 
it by declaring, ‘that he undertakes not to de- 
monftrate, that cold muft be a privative or ne- 
eative quality, and thinks it fufficient for his 
turn, to fhew, that the arguments brought to 
evince it to be a pofitive one, are not con- 
cluding. And, fince you have already diverted 
Themiftius from beginning fo foon as he in- 
tended, it will not be amifs, that I continue 
that fufpenfion a little longer, to prevent, what 
I know we both hate, verbal controverfies ; 
which yet may very eafily {pring from unde- 
termined acceptions of words, as ambiguous as 
I have obfcrved heat (of which I now make 
cold but a privation) to be. 

WE may therefore confider, that the word 
heat being made ufe of to fignify, as well the 
operations of that quality upon other bodies 
(as when the heat of the fire makes water boil, 
or that of the fun melts wax, and hardens 
clay) as its operations upon the fenfe of man, 
(as when a moderate degree of heat is faid to 
caufe pieafure, and an exceffive one to pro- 
duce pain;) this term, I fay, as Mr. Boyle 
alfo has fornewhere noted, may be employed 
fometimes in a more abfolute and indefinite 
fenfe, and fometimes in a more confined and 
refpective fenfe: in the latter of which, it is 
eftimated by its relation to the organs of feeling 
of thofe men, that judge of it. Upon which 
account, men are wont to efteem no body hort, 
but fuch an one, the agitation of whofe {mall 
parts is brifk enough to encreafe, or furpafs, 
that of the particles of the organ, that touches 
it: for, if that motion be more languid in the 
object, than in the fentient, the body is reputed 
cold ; as may appear by this, that if the fame 
perfon put one of his hands, when it 1s hot, 
and the other when it is cold, into luke-warm 
water, that liquor will feel cold to the warm 
hand, and warm to the cold. 

Eleuth. So, that according to this doctrine, 
methinks, one may, for brevity fake, conve- 
niently enough apply to your two-fold notion 
of heat, thofe expreffions, which fome {chool- 
man employ avout certain qualities, of any of 
which they fay, that ic may be either materially 
or formally confidered. .And by analogy to their 
doétrine, fince heat is a tactile quality, and, as 
fuch, imports primarily a relation to the organ 
of touchmg, that relation, with what depends 
upon it, may pals for that, which is the for- 
male, in the quality, called heat; and its ef- 
feéts and operations upon other bodies, may 
fupply us with a notion of heat, materially 
taken. 

Carn. I do not always quarrel, Elutherius, 
with terms borrowed from the {chools, if they 
be as much more fhort and expreffive than 
others, as they are more unufual, or even bar- 
barous, But there is another diftinction of 
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heat, partly grounded upon that already pro- 
pofed, which, becaufe it may be of ufe in our 
future difcourfe, will not be unfit to be here in» 
timated. For we may confider, that though, 
for the moft part, a hot body is taken in the 
vulgar fenfe, for that, wherein the degree of 
heat is fenfible to our organs of feeling ; yet, 
in a loofer fenfe, and which, for diftinéticn 
fake, we may call philofophical, becaufe con- 
cluded by reafon, though not perceived by 
fenfe, a body may be conceived not to be 
deftitute of heat, even when the degree of 
that quality is not great enough to be felt by 
the touch ; provided it can produce, in fome 
degree, thofe other operations, which, when 
more intenfe, are acknowledged to proceed 
from manifeft heat. For elucidation of which, 
we may alledge, that in very frofty, and yee 
clear weather, the fun may be judged to warm 
the air, when it melts fnow, and thaws ice ; 
though, perhaps, many men, efvecially of ten- 
der conftitutions, feel in their fingers and toes 
much ftiftnefs, and more pain, upon the ac- 
count of cold. To this 1 may add the com- 
mon obfervation, 1f you grant the truth of it, 
that fnow melts much feoner upon land newly 
turned up by the plow, than, ceteris paribus, 
in the neighbouring ground; which argues a 
warmth in that newly expofed earth ; though, 
according to the touch, it would queftionlels 
appear cold. But we may be furnifhed with a 
clearer, and more pregnant inftance, Ly but 
recalling to mind, what was juft now men- 
tioned of the warmth of tepid water, which 
was not to be felt by a hot hand, but produced 
there, a contrary fenfation of cold. Which 
inftance I therefore fcruple not to repeat, be- 
caufe it affords an experiment in favour of that 
premifed diftinction, which, [ think, may alfo 
have this ground in reafon, that a conficerable 
heat is ‘often requifite to be fenfible to our 
hands, &c. which are continually irrigated with 
the circulating blood, that comes very warm out 
of the heart, and enlivened by animal! {pirits, 
plentifully fupplied from the brain. — 

Ir Eleutherius thinks fit to accommodate this 
diftinétion in the vulgar, and in the philofophi- 
cal fenfe to his heat, formally and materially 
taken, I leave him to his liberty. And I fhall 
alfo leave it to you both, Gentlemen, to ac- 
commodate to cold, mutatis mutandis, as they 
{peak, what has been faid about the diftinétions 
of heat; becaufe, I fear, hemiftius thinks 
himfelf to have been too long detained already 
from propofing his arguments, which he may 
now begin to do as foon as he pleafes. 
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Them.¢ WILL then, with your permiffion, 

I begin with that argument of Gajfen- 
dus, which I am able to give you in his own 
words; becaufe, upon the occafion of Mr. 
Boyle’s book, Imade a tranfcript of what he 
fays, to evince the pofitrve nature of cold; 
and having the-tranfcript yet about me, It Js 
eafy for me totell you, that itis this: * Ji /unr 
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frigoris effeétus, quales habere privatio, que 
actionis eft incapax, non poteft. 

Tuis argument, though he begins not 
with it, I chufe to make the firft, becaufe I 
think it of fuch weight, that, though it were 
the only one he could alledge, it would ferve 
his turn and mine, fince it is drawn from the 
effe€ts of cold, which, though he mentions 
them but in few and general words, experience 
‘fhews to be both fo manifold and fo confi- 
derable, that if Carnzeades employ an hundred 
times as much time to anfwer the argument 
they afford, as I have done to recite it, he 
will, I think, do no more than would be ne- 
ceffary, and perhaps not enough to be fuffi- 
cient. For cold affects the organs of feeling, 
and fometimes caufes great pain in them, con- 
denfes air and water, and breaks bottles, that 
are too well ftopped, congregates both homo- 
geneous and heterogeneous things, increafes 
hunger, checks fermentation in liquors, pro- 
duces heat by antiperiftafis, in deep cellars, 
mines, &c. and yet freezes men and beafts to 
death, difmantles whole woods and forefts of 
their leaves, and does (1 know not how many) 
‘other feats; among which it is not the leaft 
admirable, though one of the moft common, 
that it turns the fluid and yielding waters of 
rivers ard lakes, and fometimes of part of the 
fea itfelf, not too far from the fhore, into 
firm and folid ice, which ts often in northern 
climates ftrong enough, not only to be tra- 
velled upon by merchants with their carriages, 
but to be fought upon by whole armies with 
their trains of artillery. From which, and 
other in{tances, it is manifeft, that effects fo 
numerous and great ‘cannot proceed from a 
‘mere privation, or any negative thing, but re- 
quire a confiderable, and therefore fure a pofi- 
tive quality to produce them. — 

Carn. Tuts objection, Themiftius; is, I con- 
fefs, a confiderable one, and of more weight 
than any of the reft, if not than all of them 
put together: but, as I think it very worthy 
to be anfwered, fo I think it very poffible to 
be well anfwered 3 and to give you my reafons 
for my fo thinking, I fhall diftinétly confider 
in the argument the two particulars, which it 
feems to confitt of. 

Anp firft we are told, that if cold be but a 
privation, it cannot be the object of fenfe. 
To clear this difficulty, which, I know, you 
will think it very hard, if at all poffible to do, 
I muft beg your leave to obferve fomething a- 
bout fenfation in general; not as defigning an 
intire and folemn difcourfe of that fubyeét, but 
becaufe the particular remark Iam about to 


‘make, is neceffary to the folution of our pre- 


fent difficulty. 1 obferve then, that that, 
which, at leaft in fuch cafes as we are fpeak-' 
ing of, produces in the mind thofe perceptions, 
which we call fenfations of outward objects, is 
the local motion, caufed by means of their 
action upon the outward organs in fome in- 
ternal part of the brain, to which the nerves 
‘belonging to thofe organs correfpond; and the 
diverfity of. fenfations may be referred to the 
differing modifications of thofe internal mo- 
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tions of the brain, either according to their 
greater or leffer celerity, or other circcum- 
{tances, as our friend Mr. Beyle has fomewhere 
exemplified in the variety of founds; whereof 
fome are grave, fome fharp, fome harmonious 
and pleafant, fome jarring and offenlive; and 
yet all this ftrange variety proceeds from the . 
variations of thofe ftrokes or impulfes, which 
the air, put into motion by fonorous bodies, 
gives to the ear. 

To this it will be confonant, that as the air, 
or rather the mind by the intervention of the 
air, 1s differingly affected by a very grave 
found, and a very acute one; though the for- 
mer proceed from the want of that celerity cf 
motion in the undulating air, which is to be 
found in the latter; which flownefs, cr immi- 
nution of motion, does, as .fuch, participate 
of, or approach to, the nature of reft: fo in 
the fenfory of feeling there may, upon the 
contact of a cold body, be produced a very 
differing perception from that, which is caufed 
by the conta¢t of a hot body; and this, though 
the thing perceived, and by us called coldnets, 
confifts but in a leffer agitation of the parts of 
the cold body, than of thofe of the hot body, 
in refpect of cur hands or other organs of 
feeling. 

AnD this leads me, for the farther clearing 
of this matter, to reprefent to you, that fince 
itis manifeft, that bodies in motion are wont 
to communicate of their motion to thofe more 
flow bodies they happen to act upon, and to 
lofe of their own motion by this communi- 
cating of it: fince this, I fay, is fo, if, for 
inftance, a man take a piece of ice in his hand, 
the agitation of the particles of the fenfory will, 
in good part; be communicated to the corpuf- 
cles of the ice, which, upon that account, will 
quickly begin to thaw; and the contiguous 
parts of the hand lofing of the motion they 
thus part with to the ice, there needs nothing 
elfe to leffen the agitation they had before. 
And there needs no more than this flackening, 
or decrement of agitation, to occafion in the 
mind fuch a new and differing perception, as 
men have tacitly agreed to refer to coldneis. 

Eleuth. Ir feems by this difcourfe, Carne. 
ades, that you think, that fenfation is proper- 
ly and ultimately made in, or by the mind, or 
difcerning faculty ; which, from the differing 
motions of the internal parts of the brain, is ex- 
cited and determined to differing perceptions ; 
to fome of which men have given the names 
of heat, cold, or other qualities. So that, 
according to you, 1f a confiderable change or 
variation be made in the moft ordinary, or in 
the former motion or modification of motion 
of the parts of a fenfory, and confequently of 
the parts, that anfwer them tn the brain, new 
fenfations will be produced, whatever the caufe 
of this alteration be, whether privative or po- 
fitive. 

Carn, You donot mifapprehend my thoughts, 
Eleutherius, and what you fay gives me a rife 
to illuftrate this matter yet a little farther, by 
obferving, that the fenfories may be fo at- 
cuftomed to be affected after a certain man- 
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by thofe external objects, whofe operation 
ion them is very familiar, or perhaps almoft 
conftant, that the privation, or the bare im- 
minution of the wonted operation leaves the 
parts of the fenfory, for want of it, in a diffe- 
vent difpofition from what they formerly were 
ins which change in the fenfory, if it be not 
too fmall, will be attended by a perception of 
it in the mind. To declare and confirm this 
by an example, we may confider, that though 
darknefs be confeffedly a privation of light, and 
the degrees of it gradual itnminutions of 
light ; yet the eye, that is, the perceptive fa- 
‘culty, by the intervention of the eye, may well 
enough be faid to perceive both hght and 
darknefs, that is, both a pofitive thing, and 
the privaticn ofit. And it is obvious, that the 
motion of a fhadow, which is a gradual pri- 
vation of light, is plainly, and without diffi- 
‘culty, difcoverable by the eye; of which the 
reafon may be eafily deduced from what I have 
been lately faying. And to fhew you, that 
there ts on thefe occafions fuch a change made 
in the organs of feeing, as is vifible even to 
by-ftanders, I fhall need but to appeal to the 
experiment of making in the day time a boy or 
girl look towards an enlightened window, and 
‘then towards an obfcure part of the room; for 
when the latter comes to be done, you will 
plainly perceive, that for want of fuch a de- 
gree of light, as was wont to come in at the 
pupil, and ftraiten a little that perforation 
of the wvea; that round circular hole, or, as 
‘you know they call it, apple of the eye, will 
‘grow very maniteftly larger than it was before, 
and than it will appear again, ifthe eye be ex- 
‘pofed to a defs fhaded light. 

Tus obfervation may be fetonded by 
What happens ‘to a man, when coming out of 
the fun-fhine, where the fun-beams much con- 
tract his pupil to fhut out an exceffive light, 
that would be offenfive to the organ, he comes 
prefently into a dark room, where he muft 
continue fome time before he can fee others, 
‘as well as he is feen by them, whofe pupils 
have had time to be fo enlarged, as in that 
darker place to let in light enough to make 
objects Vifible to their eyes, which are not fo 
to his, whofe pupils are yet contracted by the 
light they were but juft before expofed to. 
To this I might add divers other phaenoniena, 
explicable upon the fame grounds; but I fhali 
rather chufe to relate to you an uncommon ac- 
cident, which happening to eyes fomewhat 
unufually difpofed, does more remarkably dif- 
cover, what alteration darknefs, or a privation 
of hight, may have upon thofe organs. I know 
a very learned man, who is no lefs ftudious of 
mathematicks, and other real parts of know- 
ledge, than fkilled in thofe, which are taught 
of the ichools: this virtuofo, who feemed to 
me to have fomething peculiar in his eyes, 
confeffed, and complained to me, that if he 
come, though but out of a moderate light cof 
the open air, into a room, that is any thing 
dark, he does not only fee! fuch an alteration, 
as other men are wont to do on the like occa- 
fion ; but ts fo powerfully affected by it, that 
he thinks, he fees fafhes of fire before his 
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eyes, and feels a troublefome difcompoture in 
thofe parts, that fometimes lafts an hour or 
two together, if he fo long continue there. 

Eleuth. 1 know not, Carueades, whether 
after this you will think it any great confirma- 
tion of your opinion, that Ariffotle has fome- 
where this faying, that, Oculus cognofcit lucem 
EP tenebras. 

Carn. \thank you, Lleutherius, for fo per- 
tinent an allegation, though not for my own 
fake, yet for theirs, that will more eafily re- 
ceive a truth upon the teftimony of -4riffotle, 
than that of nature. And now, I hope, that 
Themiftius will confent, that, difmifling the 
argument hitherto examined, we proceed to 
the next. 


SECTION Ii. 
Them. GINCE you will have it fo, I fhall 


comply at prefent, and the rather, 
becaufe, not only I forefee there will be oc- 
cafion to fpeak of it again, but becaufe you 
experimental philofophers, that are wont fo 
much to cry up the informations you think you 
receive from fenfe, fometimes, in f{pite of con- 
trary dictates of reafon, will, I hope, be pre- 
vailed with by the argument I am about to 
propofe, which is fo manifeftly grounded upon 
fenie, that without denying, that we do feel 
what we feel, we cannot deny cold to be a 
pofitive quality. For thus Gaffendus moft con- 
vincingly argues; Cum per byemem immit- 
timus manum in labentis fluminis aquam, quod 
frigus in ea fentitur, non poteft dici mera pri- 
vatio, ailudque prorfus effe apparet fentiri a- 
quam frigiaam, &§ fentiri non calidam, Et 
fac eandem aquam gelari, fentietur haud dubie 
frigidior: an dices hoc effe nibil aliud quam mi- 
nus calidam fentiri ? Atqui calida jam antea 
non erat: quomodo ergo pothit minus calida 
effica? 

Cain. 1 will not fay, Themiftius, his argu- 
ment is not fpecious, but you, perhaps, or at 
leatt Eleutherius, will not affirm it to be more 
than {pecious, if you pleafe to confider, with. 
me, two or three things, that I have to fug- 
geft about it. 

Anp firft, to fhew Themiftids, that, what- 
ever he was juit now intimating, experimental 
philofophers do not prefer the immediate im- 
preffions made on the fenfes to the dictates of 
reafon, though they think the teftimony of 
the fenfes, however fometimes fallacious, much 
fore informing than the dictates of /riftotle, 
which are oftentimes, and that groundlefly, re- 
pugnant to them ; I will reprefent to you, that 
the organs of fenfe, confidered precifely as 
fuch, do only receive impreffions from out- 
ward objects, but not perceive, what is the 
caufe and manner of thefe impreffions, the 
perception, properly fo called, of caufes be- 
longing to a fuperior faculty, whofe property 
It is to judge, whence the alterations made in 
the fenfories do proceed, as may eafily be 
proved, if I had time and need to do fo, by 
many inftances, wherein the fenfes do, to {peak 
in the ufual phrafe, mifinform, and, as far as 
in them lies, delude us, and therefore mutt be 
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rectified by rcafon. As when the ‘eye repre- 
fents a ftrair flick, that has part of it under 
water, as if it were crooked; and two fingers, 
Jaid crofs over one another, reprefent us -a 
{inele bullet, or a button, rolled between them, 
as if there were a couple: fo that it is very 
poflible (for I forbear faying it is true, having 
not yet proved it) that though the fenfory be 
very maniteftly, and vehemently, affected up- 
on the contact of cold water, or other cold 
bodies, yet the caufe of that impreffion, or 
affection, is, and may be judged, and deter- 
mined by reafon to be, other than that, which 
the fenfe may to an inconfiderate perfon fug- 
ecft. As when a child, or one, that never 
heard of the thing before, firft fees a ftick, 
whereof one part is in the air, and the other 
under water, he will prefently, but erroneoufly, 
conclude that phenomenon to be caufed by 
the fticks being crooked, or broken.- _ 

NeExT we may confider, that fenfations 
may, in divers cafes, be made, as well from 
alterations, that may happen in the internal 
parts of the body, as fram thofe, that are 
manifeftly produced in the external organ, 
by external objects and agents; as may ap- 
pear by hunger, thirft, the titillation of 
tome parts of the body, barely upon vene- 
real thoughts, and (which belongs direétly 
to our prefent argument) the great cold- 
nefs, that we have known hyfterical women 
complain of in their heads and backs, and the 
great, and troublefome degree'of cold, which 
we every day obferve, upon the firft invafion 
of the fits of agues, efpecially quartans ; which 
troublefome fymptoms, that fometimes laft for 
feveral hours, are therefore commonly called 
the cold fits. . 

AwpD now it would be feafonable for me to 
call upon you to remember (and add to what 
J have now faid ) that, which, at the beginning 
of our conference, I took notice to you of, 
about fenfation in general; if I did not pre- 
fume, that thofe things are yet frefh enough 
in your memory, to allow me to proceed di- 
rectly to anfwer the objection, which I fhall 
do, though not like a fchool-man, yet like a 
naturalift, by giving an account of the pro- 
pofed phenomenon, without having recourfe 
to that hypothefis, which it is urged to e- 
vince. 

I obferve then, that though, in the refpec- 
tive fenfe above-mentioned, water, wherein 
the objection fuppofes the hand to be plunged, 
be cold, in regard its parts are lefs agitated, 
than the fpirits and blood harboured in the 
hands yet, in a philofophical fenfe, it is not 
quite deititute of heat, fince it is yet water, 
not ice, and would not be a liquor, but by 
reafon of that various agitation of its minute 
ie wherein fluidity, a quality effential to 
iquors, confifts. Upon the fcore of this re- 
{pective caldnefs of the water, the hand is re- 
frigerated ; for the fpirits and juices of that 
organ meeting in the water, with particles 
much lefs agitated than they are, communicate 
to them fome part of their own agitation, and 
thereby lofe it themfelves, upon which decre- 
ment of wonted agitation, fuch a change is 


made in the fenfory, and, though not fo ma- 
nifeftly in fome other parts of the body, as is 
perceived by the animadverfive faculty under 
the notion of coldnefss; fenfation (whatever 
obfcure definitions are wont to be given of it) 
being indeed an internal perception of the 
‘changes, that happen in the fenfories. , 

Anp if now, as the objection fuppofes, the 
‘water, wherein the hand js plunged, comes to 
be more refrigerated than before, the fpirits, 
blood, and other parts of the hand, finding 
the aqueous corpufcles more flowly moved 
than formerly, muft, according to the laws of 
motion, (according to which a body, that meets 
another much more flowly moved than itfelf, 
communicates to it more of its motion, than 
if it were lefs flowly moved) transfer to them 
a greater meafure of their own motion, and 
confequently themfelves come to be deprived 
of it: and upon this increafe of the flowne(s 
of motion in the parts of the hand, there fol- 
lows a new and proportionable perception of 
the mind, and fo a more vehement fenfation 
of cold. But though it be not to be admired, 
that the bare flownels of motion in the objeé 
fliould be difcernable by fenfe, albeit it feems 
to participate of reft, which, with you, paffes 
for a privation, fince the ear perceives, when a 
voice grows fajnt, and when a fharp foynd de- 
generates into a flat one ; and we can perceive 
by the hand (abftra¢ting from heat and cold) 
the celerity or flownefs af bodies, that in theit 
paffage ftrike upon it, as for inftance, of winds, 
or ftreams; yet this is not the only thing I 
think fit to be.taken notice of on this occafion. 
For I confider farther, that befides the moft 
confiftent and ftable parts of the hand, there 
are, from the heart and the brain, frefli blood 
and fpirits continually tranfmitted to the hand ; 
and the former of thefe, the blood, is, accord 
ing to the Jaws of its circulation, and after it 
has received a great change in the much refri- 
gerated hand, carried back through other parts 
to the heart; whence it is, in the fame circu- 
lation, diftributed ta the whole body. To 
which may be added, that when the great re- 
frigeration of the hand happens, external agents 
may contribute to the effects of it, as I thall 
by and by have oc¢afion to fhew. 

Ir then you pleafe to remember, that upon 
the turning one’s eye to the dark part of a room 
lefs enlighted than the window, though dark- 
nefs be but a privation, and though the obfcu- 
rity of that part be not abfolute, but confit 
only in a lefs degree of light; yet the aétion 
of the {pirits, and other parts of the body, is 
fo changed, upon o¢cafion of the light’s acting 
more faintly than was ufual upon the organ, 
that the pupil is immediately and manifeftly 
dilated, and in fome cafes, as in that, which J 
mentioned to you of a learned man, much 
confiderabler effe¢ts enfue ; you will not won- 
der, that, where not only the fpirits, but the 
blood, (whence thofe fpirits are generated) thag 
circulates through the whole body, and upon 
whofe difpofition all the other parts fo much 
depend, is very much difaffected, there fhould 
be felt a great alteration in the hand, which is 
the moft immediately expofed to the action of 
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the cold water. And for the reafons newly 
given, it ought to be as little ftrange, that in 
other parts of the body, the difordered, and 
not circulating blood, fhould have its wonted 
action on them confiderably altered ; fince the 
more ttable parts, and cfpecially thofe exter- 
nal ones, that are moft expofed to the cold, 
have their pores ftraitened, and confequently 
their texture fomewhat altered 5 on the fame 
occafion, on which the wonted agitation of the 
fpirits, with the particles, that compofe the 
blood, is notably Ieffencd. And that fuch 
caufes may produce great effects in a human 
body, you will be more prone to. adinit, if 
you confider the difurders, that happen i tle 
cold fic of an ague, and oftentimes, upon the 
fhucting up of thofe excrcmentitious ftcams, 
that are wont to be difcharged by infenfible 
tranfpiration ; to whofe being ftopped in the 
body, by the conuiction of che pores, which 
chiefly happens througn cold, fome Icarncd 
phyficians, efpecially the famous Senmrtas, 1m- 
pute the caufe of mott fevers, as indecd cxpe- 
rience itlelf does but tou irequcntly fhew it to 
be guilty of many. 

Phil. 1 contets, Carncid.s, you have faid 
fom< things, that FE thought not on belore ; but 
yet Gafendus’s argument fccims to be fuch, that 
I fear it wil be hard to hinder mary from fay- 
ing, Thatuf cold be but a privation of heat, 
it is a yrivation of a fl ange rature: fur it 
may be introduced into bodies, that were not 
hot before, nay, in fome cafcs, into fuch as 
are naturally cold, and alfo by confequcnce 
mutt hive been put into a pretrnatural {tate to 
be at any time hot. 

Carn. Tris objecuon, Philopenus, being in 
effect fo much the fame with that of Gaffenius, 
that it differs from it butin the drefs you give 
it, it wall fcarce require a peculiar and diftinct 
anfwor ; and therefore, as {von as I have re- 
minded you of the diflinction, that we have 
formerly made of the vulgar and philofophi- 
cal fenfe of the word cold, I fhall necd to 
alter but a lietle what I jaid before, Ly tel- 
ling you, that fince fluidity coniits in the va- 
rious agitation of the infewlible corpuicles of a 
liquor, and that heat confiils in a tumultuary, 
but a more vehement agitation of the infenfi- 
ble parts of a body, and fo, that hot water 
fcarce differs otherwife than graduaily from 
thar, which is cold to fenfe ; if cold be taken 
in the Jarger and philofophical fenfe, it may 
weil Le faid, that as long as water retains the 
form of water, and fo continues to be a uid 
body, though it may be very cold to the touch, 
yet ic is not abfolutcly or perfectly cold, and 
therelore ts capable of a farther deerec of cold- 
nels, which it reccivcs when brought ty con- 
gelation : for tl then it was not deiticute of 
thofe agile corpufcles, that were requilite to 
keep it Suid ; and til then, Gaffendus himf{clf 
muft acknowledge, that it wasnot abfolutely, 
or perfeétly cold becaufe he, as you may re- 
member, did in his former (but lately-inen- 
tioned) argument alcribe the glaciation of wa- 
ter to the invafion of thofe, that he calls corpuf- 
cles of cold, 
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Eleuth, Give me leave toadd, Carnéddes, 
that it is not every glaciation it felf, that brings 
liquors to be perfectly cold in the philofophical 
fenie of that expreffion, and quite expells, or 
fubdues all the agile particles, that were in the 
water before it was turned into ice. For { 
think, that to effect this change, it is fufficient, 
that fo many of thefe reftlets particles be de- 
{troyed or difabled, that there remains not c- 
nough of them to keep the water in a ftate of 
fluidity, fo that the furpulfage may yet conti- 
nue in the frozen liquor, and whilft they are 
there, perform feveral things, as the making 
it evaporable in the air, and even odorous, and 
by theirrecefs or deftruction theice may grow yct 
morecold. And as this notion fuits very wel! with 
the diffuring degrecs of hardnefs, that we find in 
differing portions of ice, fometimes upon the ac- 
count of the matter, ‘as frozen water is harder 
than frozen oil,) and fometimes upon that of the 
differcne dcgrecs of cold in the fame water, or o- 
ther matter, (as our friend fomew here oblerves ; ) 
fit may be highly confirmed by an «xp: rimentI 
faw himmake, but chatis not yct publithed. 

Tre fum of the experiment was this 3 that 
he firft put an hermetically fealed thermofcope 
into a ylafs, broader at the top than at the bot- 
tom, and greafed the infide with tallow, that 
ice might not ftrongly ftick to it. In this glats 
was put water, more than enough to c.vcur the 
ballof the inftrument; and that water b ing 
warily frozen, notice was taken, whereabouts 
the tincted fpirit of wine refted in the ftem ; 
after which, the inftrument and the ice being 
removed into the open air, upon an exceeding 
frofty morning, the ice was taken off from 
the ball, and prefently after, the tin&ted hi- 
quor, as the maker of the tial cxpected, fub- 
fided a pretty way (the length of the inftru- 
ment confidercd) below the former mark ; 
which argued that he nghely gueitd, that tuch 
a dearee of cold, as is fusauient to turn water 
into ice, may not produce a body portectly 
cold; this ice ictelt keeping the encloled ball, 
a fenfe, warm, by fencing off the air, 
which, at that tune, (even in our temperate 
cline) by the cffceét, appeared to be colder 
than the very ice. And, methinks, it may 
ftrengthen Carneades’s ditcourfe, to repre- 
fent, that there 1s no fufficient cauic, why ma- 
ny things, that are reckoned among. priva- 
tions, or negations, by the Peripateticks them- 
felves, as well as cold is by Carneades, may 
nut admit of degrees ; as may be exemplified 
by deafnefs, ignorance, and divers other things. 
‘ind to bring a cafe, not very unlike that un- 
der confidcration, we may take notice of a in- 
tal eclipfe of the moon, which you know al- 
ways happens when fhe is at the full. For 
darknefs in the air being acknowledged to bea 
privation or negation of light, whenthe earth, 
interpofed betweeen the moon and the fun, has 
eclipled her, for inftance, nine digits, (as al- 
tronomers fpeak,) men generally complain of 
darknefs in the air, though there remain a con- 
fiderable part of the dilcus, or the hemifphere 
of the moon, obverted to us, yet enlightened by 
the fun 5 but when the interpofed earth = 
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cecds to cover the remaining three digits, and 
fo makes the eclipfe total, the darknefs alfo is 
daid and eftecmed to be much encreafed : nor 
would men otherwife be perfuaded, though 
Theniftius Mrould tell them, that the air can- 
not have grown darker, though it were dark 
before ; and indeed though the air was more 
and more darkened in proportion to the in- 
creaie of the eclipfe, yet it was never com- 

letely darkened till it became total. But I 
fear I dwell.too long upon one argument. 


SECTION IV. 


Eleuth.¥ %T me therefore, Carneades, fum 
up what I take to be your doc- 
trine, and tell thefe gentlemen, that I think 
you do not look upon the fenfation of cold as 
a thing effected by an intire privation, pro- 
perly fo called, and confidered as fuch 3 but 
that, according to you, that flownefs of motion 
in the particles of cold water, which the hand 
finds, when it 1s thruft into that liquor, does 
occafion the fpirits, and the corpufcles of the 
blood, to part with to thofe of the water acon- 
fiderable fhare of their own furplufage of agi- 
tation, whereby they lofe it themfelves ; upon 
which is confequent a perception of this change 
made in the hand, which, if it be very great, 
is alfo frequently accompanied with fome fen- 
fible change in other parts of the body, occa- 
fioned chiefly by the frequent returns of the 
circulating and highly refrigerated blood to the 
heart, whence it is difperfed to the whole bo- 
dy. According to which do¢trine, the fenfa- 
tion of cold is but a perception of the leffened 
agitation of the parts of the hand, either ftable 
or fluid, efpecially of the blood; which alte- 
rations are in great part produced, not by the 
coldnefs of the water, as cold is a privation, 
but from the new modification of the action of 
the blood and fpirits upon the nervous and 
membranous parts, the conftriction of whofe 
pores concurs to that modification. And if I 
do not mifunderftand your opinion, Carueades, 
methinks it may be confirmed by this, which I 
have known obferved by experienced furgeons, 
that by too ftnét ligatures unfkilfully made, an 
arm, for inftance, may be gangrenated; in 
which cafe, all the proper and immediate ef- 
fect of the ligature is but the conftriction of 
the part, though that conftriction being un- 
ufual and exceffive, 1t proves the occafion of 
the mortifying of the hand and arm, by hin- 
dering the free and ufual accefs of the blood 
and {pirits to that limb ;_ upon which, by the 
depraved action of the parts of the body one 
upon another, and the concurrence of exter- 
nal agents, there enfues a mortification, or gan- 
erene of the part, which, if due remedies be 
not timely employed, is communicated to o- 
ther parts, and kills the man. | 
Carn, WHATEVER become of your in- 
ftance, Eleutherius, I thank you for your readi- 
nefs to propofe it in favour of my hypothefis, 
which you will eafily judge not to be much 
concerned in the clofe of the excellent Gaffen- 
dus his argument, for the pofitive nature of cold. 
For though thefe words of his ——a—. 


Them. You may fave your felf the trouble 
of naming of them now, {ince, whatever they 
may feem to you, I profefs Ilook upon them, 
as containing a diftinét argument, which I fhall 
therefore propofe in its due place hereafter ; 
but in the mean time, and before we leave the 
argument you would have us difmifs, give 
me leave to remind you, Carneades, of fome 
part of your former difcourfe, and to take 
thence a rife to tell you, that you, who told us, 
that we ought not to confider the operations, 
that qualities have upon our own fenfories only, 
butalfo what they do tocther bodies, wiil, I hope, 
allew meto demand, how a privation, or, if 
you will, how an imminution of motion can 
produce the hundredth part of thefe effects, 
which we daily fee produced by cold in the bo- 


dies, that are aboutus. 


Carn. I thought, Themiftius, I had intimated 
to you already, what might have prevented 
your queftion; but fince I {ee it is ctherwife, 
you fhall not find me backward to explain my 
felf a little more fully. Ido not pretend, that 
either an abfolute privation of motion in a bo- 
dy, or a flowneis of motion in the parts of it, 
is, as fuch, the preper efficient caufe of the ef- 
fects, vulgarly but unduly afcribed to cold a+ 
Jone ; for, in my opinion, cold is rather the 
occafion, that the true efficient caule of fuch 
effects, which, I think, are properly to be af 


-cribed to thofe phyfical agents, whofe actions, 


or operations, happen to be otherwife modified, 
than elfe they would have been upon the occa- 
fion of that imminution or flacknefs of agita- 
tion, which they meet with in cold bodies, by 
occafion of which, they are both deprived 
themfelves of the agitation they communicate 
to fuch flow bodies, and thereby act no longer, 
as, were it not for that lofs, they would, and 
by a natural confequence of this change, which 
is made in themfelves, they do alfo, though 
lefs notably, modify the action of other bodies 
upon them: From which unutual alterations 
happening in a world fo framed as this of ours 
is, and governed by fuch laws, refpecting mo- 
tion and reft, as are obferved among bodies, 
there muft, in all probability, refult many 
new, and fome of them confiderable phzno- . 
mena. For though quiefcent bodies feem not 
to have any action, which among corporeal fut- 
{tances feems to be performed only by locai 
motion ; yet bodies quiefcent themfelves may 
concur to great effects, both by determining 
the motions of other bodies, this or that way, 
or by receiving their motion totally, or in part, 
and fo depriving the formerly moving bodies 
of it. Thus the arches of a bridge, though 
immoveable themfelves, by guiding the wa- 
ter of the river, that beats againft them, may 
occafion a rapid and boifterous ftream, capable 
to drive the greateft mills, and perform more 
confiderable effects, though the river, before it 
met with them, ran calmly enough, as is evi- 
dent at Loudon bridge, efpecially when the wa- 
ter is near a lowebb. And now I have men- 
tioned water, I will add, that though water it 
felf be not aquiefcent body, but, being a liquor, 
has its parts in perpetual motion among them- 
felves; yet fince that agitation is exceeding 
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flow, incomparifon of the {wiftnefs of a can- 
non-bullet, in refpeét whereof the calm fur- 
face of the water participates of the nature of 
a quiefcent body, bullets themfelves fhot from 
out of guns elevated but little above the level 
of the water, (upon which {core they make 
but a very fharp angle with it;) thele bullets, 
J fay, do not unfrequently rebound from the 
furtace of the water, and contequently, even 
thefe Jo wondertully fwift bodies receive a new 
determination from it. 

Eienth, One may add, Carueades, to your 
inftances, that in a tennis-court the wall, a- 
gain{t wich balls are ftrongly impelled by a 
racket, contributcs much to the mifchief, that 
thofe Ealls do often to by-ftanders in the galle- 
ry, as the wall, though itlelf unmoved, gives 
a new determination to the moving ball, and 
by its refiftance makes it rebound or reflect at 
an angle cquai to that of the ball’s incidence. 
And this concurrence of the wall to fuch effects 
is the more evident, becaufe of this other cir- 
cumftance, which allo befriends your opinion, 
that, if the inspelled ball, inflead of hitting 
againft ti. wall, hits againft the net, this, by 
yielding, deprives the bail of its impetus, and 
hia .crs the r-oction, that would elfe enfue. 

Cari, You have, IL contef, formewhat pre- 
venied nic, Lveutherius, but yet not altoge- 
ther: ier though I was going to propole the 
example of a ball, yee it was in fomewhat a 
dit -mng way; for 1 was about to propofe to 
Teemiftius the example of a ball, which, if it 
he fo.cibly an! perpendicularly thrown againft 
the hard ground, has its determination {fo al- 
tered, that whereas it moved before towards 
the contre of the earth, it immediately, with 
almoit the like fwiftnefs of motion, tends di- 
rectly upwards. And if on the other fide you 
throw the ball, not againft a hard, but againft 
a muddy piece of ground, it will not rebound, 
lofing its own motion, by communicating it 
to tne parts sf the yiclding muddy; as may be 
in fome meafure illuflratcd by the great com- 
motion made in a fimall pond of water, when 
a ball for a round ftone) being burt gently Ict 
fall upon the furface of it, has its motion there- 
by deaded, and transferred to the parts of the 
liquor, which, perhaps, -will be vifibly agitated 
at the remoteit brink of the pond. 

Elenth. YHese cxamples may conduce much 
to xp cute your doctrine, Carneades ; but fince 
Themyéius himfclf was fo equitable a while 
aco, as to ullow you much time to defend fuch 
a paradox as yours again{t Gajjendus’s arcu- 
ment, [ thall with your Icave, of which I doubt 
not, to the cxamples already mentioned, add 
this onc more. Suppofe upon a itream, that 
runs through fome town, which is not very 
rare, there were built a number of differing 
mills, fome for the grinding of corn, others 
for the fulling of cloth, others for the moving 
of bellows to melt oars and metals, others for 
forging of fword-blades, others for making of 
paper, and others for other ufes : and fuppofe, 
that an enemy coming to beficge this town, 
fhould fucccistully imitate Cyrus’s ftratagem, 
when by fuddenly diverting the courte of 
Liuphrates he took Babylon; would it not be 
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confequent to this dirivation of the water into 
fome lower place, and this ceafing of the 
{tream to run in its former channel, that che 
action of all thefe mills, by which fo many 
differing operations were performed, muft of 
neceffity ceafe too? though the befiegers do 
not produce this change by any pofitive and 
direct violence, that they offer to the mills, 
but only by hindering them from receiving 
the wonted impulfes, which were requifite to 
keep them in motion. : 

Carn. I diflikenot your inftance, Eleutherius, 
which yet will not altogether render ufelefs 
what I was going to fay about a wind-mill, 
which will illuftrate one part of my doétrinc, 
for which your water-mill docs not feem to 
have been intended. And, that this example 
may the better do fo, 1 will fuppofe a wind- 
mill to be built in fome low place near the 
bank of your ftream, which ftream we will 
fuppofe to be liable, as fome others are, upon 
the falling of great and fudden rains upon the 
neighbouring hills, to overflow its banks, in 
cafe the increafe of the water be not then hin- 
dered by the wind-mill’s liftung up conttantly 
fome parts of it, and conveying it away by 
pipes or otherwife: and then Ict us fuppofe, 
what really fometimes happens, that the wind 
fhould {fo ceafe, that there fhould not blow any 
wind {trong enough to move the fails fora 
great while together; will it not hence maai- 
feitly follow, that by reafon of this abfence of 
the wind, which ablence has the nature of a 
privation, or negation of a ftream-like motion 
in the air, not only there will be a ceafing of 
thofe effects and operations, whatever they 
wore, that were wont to be performed within 
the mullicfelf, but alfo there will be a durable 
intermiffion of that main work of the mill, 
whereby it carried off fuch a quantity of wa- 
ter; which work ceafing with the wind, whillt 
the flowing in of the water docs not ceafe too, 
but continues as formerly, the ftill-increafing 
watcr muft bear down or overflow its wonted 
banks, or other boundaries, and by its unruly 
eflufions drown the neighbouring parts, and 
produce the diforders, thatis, the new phie- 
nomena naturally confequent to an inunda- 
tion made by fuch a quantity of water. And 
if the water conveyed away, by means of the 
null, through pipes or channels, were employed 
to water grounds, or other particular ufes, the 
orowth or fertility, at leaft of the vegetables, 
that water was requifite to nourifh, or the 
other ufes, to which it was neceffary, muft con- 
fequently be much, if not totally, hindered. 

Phil. J know not, whether we may not re- 
fer to the fubject of your difcourfe, what may 
be obferved in paralytick affections, where a 
little vifcous or narcotick humour, obftructing, 
or otherwife difaffecting one part of a nerve, 
though its proper and immediate action be on- 
ly to hinder, or weaken the fpirits, that were 
wont, in competent plenty, to pafs freely a- 
long the nerve to the mufcles whereto it leads ; 
yet the action of the other parts of the body, 
and the relaxation of the fibres do oftentimes 
produce a tremulous motion in the limbs, and 
particularly the hands; and fomecimes alfo the 
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mouth, neck and other parts, are drawn awry 
in an odd and frightful manner. 

Carn. TuouGu I approve of Philoponus’s 
fancy, yet I think a more quick and notable 
inftance to the fame purpofe may be taken, 
from what happens to birds, and rats, and cats, 
and fuch kind of warm animals, in Mr. Boyle’s 
engine. For, as the air by the agitation of 
its parts, or that of fome ethereal {ubftance, 
that pervades it, entertains the fluidity of wa- 
ter, and other aqueous liquors ; and when that 
agitation is hindered, or too much leffened, wa- 
ter ceafes to be fluid, and upon that divers 
violent effeéts enfue, wont to be afcribed to 
glaciation: fo the bodies of warmer animals, 
having been borne in the air, and _ perpetually 
expoled to the action of it (though that be 
feldom heeded) when being placed in the re- 
ceiver of the air-pump, and by the operation 
of that inftrument, which withdraws the for- 
mer air, and keeps out the new, the air, that 
was wont continually to act upon them, is kept 
from doing fo any longer, though this abfence, 
or not touching of the air, be but a privative 
cr negative thing, yet by reafon of the ftruc- 
ture of the animal, his {pirits and humours, af- 
fitted by the concourfe of more general caufes, 
are brought to act fo differingly from what 
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by their own nature, are determined to act o- 
therwife, or fuffer otherwife from one another, 
in cafes, where there is a great hinderance, or 
ceafing of wonted agitation, than where there 
is not. 


DC 7 TO UN ‘¥; 


Tbem.|T may, perhaps, now be time to put 
Carneades in mind, that, in what he 
has been difcourfing all this while, he has pro- 


_ pofed anfwers but to a couple of Gaffendus’s ar- 


guments, and left the reft untouched. 

Carn. I fhould readily grant, Themiftius, that 
I have dwelt too long upon fo few arguments, 
if I did not hope, that by fully anfwering them, 
and giving the company a particular account 
of my notions concerning cold, I might very 
much fhorten and facilitate the remaining part 
of my tafk, which engages me to return an- 
{wers to the other arguments you {peak of, the 
grounds of folving which, I think, I have al- 
ready laid in the paft difcourfe. And therefore 
you may go on to propofe the next argument 
of Gaffendus, as foon as you pleafe. 

Them. And I fhall do it, Carneades, in that 
learned man’s own words, which I well re- 
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member to be thefe: Fac manum immiti in Gaffend 
aquam nunc calidam, nunc frigidam ; guamobrem Lib. VI. 


they were wont to do, that the blood and 
manus intra iftam, non intra illam refrigeratur 2? cap. ©. 


juices fwell, the ftomach vomits, the animal 


grows faint and ftaggers, the limbs, and at 
Jength the whole body are convulfed, the cir- 
culation is f{topped, and at laft the whole ani- 
mal killed; and all this done in a very few mi- 
nutes of an hour, without the vifible inter- 
vention of any pofitive agent. 

Eleuth. Wuat you fay, Carneades, con- 
cerning the quick and violent death of warm 
animals in Mr. Boyle’s engine, puts me in mind 
of an experiment | faw made in that inftru- 
ment upon cold animals, which, methinks, may 
well illuftrate the comparifon we lately em- 
ployed of a wind-mill. For as thofe great ar- 
tificial engines Jofe their motion, and the ope- 
rations depending on it, if that ftream of air, 
we call the wind, be held from keeping them 
going ; fo infects, and fome other cold ani- 
mals, have their differing motions fo depend- 
ent upon the contact of the air, that, as foon 
as ever they are deprived of it (by the engine 
we are {peaking of ) divers forts-of them will 
lie movelefs, as if they were dead; and I 
have known feveral of them, that were put in 
together, continue in that ftate for many hours, 
as long as it pleafed our friend to with-hold 
the air; but when once he thought fit to let a 
ftream of air enter the recerver, thefe feem- 
ingly dead animals, as worms, bees, flies, &c. 
like fo many little wind-mills of nature’s (or 
rather, her great author’s,) making, were fet a 
moving in various manners (as creeping, fly- 
ing, &c.) fuitable to their differing fpecies. 

Carn, So that, to fum up, in a few words, 
the refult of thefe inftances, and the reft of 
the pait difcourfe on the fame fubyect, it ap- 
pears by what has been faid, that the effects 
undefervedly afcribed to cold need not, in our 
hypothefis, be referred to a privation, but to 
thofe pofitive agents, or active caufes, which, 


An quia calor manis intra frigidam retrabiiur, 
manifque proinde relinquitur calida mints 2 At, 
quidnam calor refugit, quod intra frigidam re- 
pertatur ? nonne frigus ? at fi frigus eff tantinn 
privatio, quiduam calor ab illa metuit ? priva- 
tio fane nihil eft, atque aded nibil agere, unde 
ejus motus incutiatur, poteft. 

Carn, This objection, Themitius, may in- 
deed puzzle many {chool-philofophers, but will 
eafily admit an anfwer in my hypothefis. For 
that does not oblige, or fo much as tempt me 
to afcribe (as a Peripatetick would do,) toa 
meer quality, (for fuch is heat) both a know- 
ledge of its danger, and a care, and {kill, to 
preferve itfelf from its enemy, the cold, by a 
retreat inwards, For, agreeably to what I 
lately delivered, it is obvious for me to ex- 
plicate the phenomenon thus: when a man 
puts his hand into warm water, the agitation 
of the corpufcles of that liquor furpaffing that 
of the fpirits, blood, and other parts of his 
hand, cannot but excite in him a fenfe of heat; 
but when he puts the fame hand into cold wa- 
ter, the cafe ought to be much altered, not by 
any imaginary retreat of the fpirits, but the 
communication of motion, by other parts, to 
the furrounding water, by which means, there 
muft be in the hand a great leffening of the 
former agitation of its parts, the perception 
or fenfe of which decrement of motion is 
that, which wecall the feeling of cold. 

Eleuth. I think indeed, Carneades, thatthough 
this argument may be confiderable againft 
thofe, that the learned framer of it might have 
in nis eye, it is but invalid againft you. But 
can you as well decline the force of that other 
objection, which Geffendus more infifts on, 
and which feems as directly to oppofe you, 
as any other adverfaries cf his hypothefis ? 

: Then, 
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Them. I prefume, Eleutherius, you mean 
that cogent argument, with Gaffendus pro- 
pofes, and profecutes more fully, than the reft, 
deducing it from the way of artificially freezing 
water by a mixture of fnow and falt, placed 
about the cutfide of the glafs, that contains 
the liquor. For, from this practice, he ra- 
tionally concludes, that fince this frigorifick 
mixture is, through the glafs, able to freeze 
the water into ice, it may as jultly be affirmed 
to act by corpufcles of cold, as fire can be to 
aét by caloritick corpufcles, when kindled 
coals, placed on the outfide of the slafs, make 
the contained water boil. And this cogent 
aroument will, I hope, prove the more fatis- 
factory to Carieades, fince itis not drawn from 
what he ws vail a difputable peripatetick 
notion, but from the fame quiver, whence he 
affects ro take his fhafts, experience itfelf. 

Cari. I freely acknowledge, gentlemen, this 
arsument to be very plaulible ; but that it is 
clear and cogent, I mutt not grant, till I be 
better fatished, that it 1s fo. 

Ano I Shall fearce think it as evident, that 
ice, and fale, act by a pofitive quality, as that 
burniv« cuals do Jo, though cold feems as well 
to be produced by the former, as heat by the 
latter. For innumerable cxpcriments fhew, 
that heat, in the fire efpecially, is a pofitive 
qualicy, confifting in a tumultuary and vche- 
ment agitation of the minute parts of the 
body, that is faid to be hot, and producing 
alfo in the bodies, that it is communicated to, 
a local motion, which is manifeftly a politive 
thing. This is fo evident, in the heating of 
bodies by mere attrition, the fmoking and 
melting of divers bodies in the fun-beams (ef- 
pecially at fic umes of the day, and year, ) the 
fudden boiling and diffipation of water, oil, 
&c. dropped, on a red-hot won, and many other 
obvious inflances, that it were a needlefs work 
to go about to prove it, efpcecially, fiace both 
Themijtius’s Peripateticks, and Gaffenaus him- 
felf, who fo oftcn difagree about other things, 
apree in confeffing, that heat is a pofitive qua- 
lity. 

Them. Bur remember, Carneades, that the 
grounds, on which they do fo, are the fame, on 
which Gaffendus juilly builds the propofition, 
that cold alfo is a pofitive quality. | 

Carn. I did not forget that, Tbemiftius , for 
I was «bout to fubjoin to what I lait faid, that 
it is evident, not only by the confeffion of my 
adverfaries, but by that (which to me 1s much 
more confiderable ) of nature herfelf, proclaim- 
ing it in the inftances I juft now mentioned, 
that heat is a pofitive quality ; whereas, that 
cold lik: wife is fo, does not appear to me by 
the experiment of artificial congelations. For, 
in this, all that is clear in marter of fact, 1s, 
that fhow, or beaten ice, and falt, are put a- 
bout a veffel full of water, or other aqueous 
liquor, and that, within a while after, this 
water begins to be turned into ice; but that 
this glaciation is performed by fwarms of atoms 
of cold, that permeating the glats, invade and 
harden the liquor, is not perceived by fenfe 
but concluded by a ratiocination, the cogency 
of which I am allowed to examine, without 
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affronting the certainty of fenfe, that noe 
being concerned in the cafe. If then an in- 
telligible way can be propofed of fairly exe 
plicating the phznomenon, befides that in- 
fitted on by Gaffendus, the objection drawn 
from this experiment againft my hypothefis 
will be invalid. And fuch an explication, mon- 
fieur Des Cartes ingenioufly gives in his me- 
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teors: Quia materia fudtilis ( {ays he) partibus Lib. Mes 
hujus aque circumfuja craffor aut minus fubtilis, teor. Cap. 
EF confequenter plus virium habens, quam illa’* 


que circa nivis partes berebat, locum tllius occu- 
pat, dum partes nivis liquefcendo partibus falis 
circumvoluuntur. Lacilius enim per falfe aque 
quam per dulcis poros movetur, SP perpetuo ex 
corpore uno in aliud tranjfire nititur, ut ad ea 
loca perveniat, in quibus motui fuo minis refifti- 
tur: quo ipfo materia [ubtilior ex nive in aquam 
penetrat, ut egredienti fuccedat, S quum nou 
fatis valida fit ad continuandam azitationem bu- 
jus aque, illam concrefcere finit. 

Phil. I leave Themiftius to confider, whe- 
ther this explication be without exception ; 
but I confefs it is not without analogy, and 
that even amoneft the four firit qualities them- 
felves. For when we chemifts have a mind to 
dry (for inftance) the calces, or precipitates, or 
other powders, from which we have filtrated 
the liquors we employ to wafh or dulcify them, 
it is ulual either to put the filters, whercin 
thefe powders remain almoft in the form of 
mudd, or to fpread the ftuff itfelf upon brown 
paper, or pieces of brick, or chalk, which 
much haften the exficcation of the things laid 
upon them, not by any drying particles which 
they emit into the foft fubitances, but by im- 
bibing the fuperfluous parts of the liquor, and 
thereby freeing from them the fubftances to be 
dryed. And I remember, 1 have ieen our 
fricnd Mr, Boy/:, by immerfing a piece of 
foft crumb of bread into an actually cold h- 
quor, that would haftily imbibe its aqueous 
corpufcles, and dry it in a minute, or two, of 
an hour, fo as to make it feel hard. 

Eleuth. Thefe inftances bring into my mind 
another chemical experiment, that I have feen 
made by the fame gentleman, which was ; 
that by putting into weak {pirit of wine a fuf- 
ficient quantity of falt of tartar, he quickly de- 
fleshined the fpirit without diftillation, or fo 
much as heat. And this will the better illu- 
ftrate the Carlefan explication, becaufe it is 
manifeft, by the change, that will be made of 
the moft part of the falt of tartar into a li- 
quor, that will not mix with the now defleamed 
{pirit of wine, that the reafon of the operation 
is, that the aqueous particles of the phleema- 
tick fpirit, finding, it feems, more conve- 
nience, or facility, to continue their motion 
among the fixed corpufcles of the falt, than 
the vinous ones of the {pirit, pafs into the al- 
kaly, and diffolve it; and thereby defert the 
liquor, through which they were diffufed be- 
fore. And I know another faline body, that 
fo unites with water, as not to be, by the eye, 
diftinguifhable from it, and yet is of fuch a 
texture, that water 1s fo much lefs difpofed to 
mingle with it, than with fpirit of wine itlclt, 
that it will forfake the body it kept in agita- 
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tion, to pafs into this fpirit ; and fo leave that, 
which it kept in the form of a liquor before, 
to appear in the form of a confiftent body ; 
which inftance comes fomewhat nearer, than 
the former, to the experiment of glaciation. 

Carn. TuHouca what you have recited, 
«cntlemen, be not unwelcome to me, yet, I 
think, I can propofe you an experiment fitter 
to delucidate the Cartefian explication. For, 
1 remember, that our common friend, having 
a mind to fhew, that a imall proportion of 
agile matter, invifibly diffufed through a body, 
that would be otherwife confiftent, may bring 
it to, and keep it in the ftate of fluidity; de- 
vifed and fhewed me the following experi- 
ment. Je took camphire broken into {mall 
bits, and cafting a convenient quantity of it 
upon aqua fortis, fuffered it to float there, till, 
without heat, the camphire was diffolved into 
a liquor, and it looked and felt like an oil, 
which, though fhaken with the aqua fortis, 
would emerge to the top again. If this oil 
were kept well ftopped, that the fpirits of the 
menitruum might not evaporate, it would (as 
he affirmed trial had taught him) continue 
Jong fluid, he having fometimes kept it a year, 
ortwo, or more. And that it is the agile fpi- 
rits of the aqua fortis, that keep the camphire 
fluid, he has made probable by divers things, 
that [ muft not now ftay to recite. And that 
the quantity of thefe agile particles is but fmall, 
I am induced to think by this, among other 
things, that when I have made a {mall parcel of 
but moderate aqua fortis turn a pretty propor- 
tion of camphire into oil, and feparated that oil 
from it, I could, by cafting frefh camphire on 
the fame menftruum, reduce that alfo into the 
form of oil. Now, that thefe fluidifick fpi- 
rits (if I may fo call them) are not fenfibly 
warm (no more than the Cartefian materia ce- 
Jefiis) in water, is manifeft to the touch: and 
whereas I at firft fufpected, that the reafon, 
why the pouring of this oil into water doth 
prefently reduce it into camphire again, might 
by the coldnefs of the water; I after thought, 
upon a farther information, that the reafon ra- 
ther was, that the nitrous {pirits being difpofed 
to pafs out of the oil into the water, this li- 
quor readily imbibed and diluted them, and 
confequently, difabled fo many of them, that 
thofe, that remained, could not do their former 
work any longer: fince he had tried purpofely, 
that the reduction of the oil into camphire 
would prefently be made, though that liquor 
were not poured into cold water, but hot; fo 
that the agitation, that it received from the par- 
ticles of the menftruum, though not to our 
touch ienfibly warm, was much more effica- 
cious, than that, which it received from the 
heat of the water. 

Eleuth. I know not, whether befides the in- 
{tances, that have been now propofed, one may 
not alledge fuch an argument alfo in favour of 
the Cartefian opinion about cold, as would 
not be infignificant, though it fhould be made 
appear, that cold may fometimes be produced 
by, or upon the emiffion of corpufcles, that 
in fome fenfe may be called frigorifick. For 
there may be corpufcles of fuch a nature, as 


to fize, fhape, and other attributes, as to be 
fit to enter the pores, and pierce even into the 
inward parts of water, and fome other bodies, 
{fo as to expel the calorifick corpufcles they 
chance to meet with, or to clog, or hinder 
their activity, or on fome other account, con- 
fiderably to leffen that agitation of the minute 
parts, by which the fluidity of liquors, and the 
warmth of other bodies, is maintained. But 
even in fuch cafes, though the agent, and the 
actions, that produce coldnefs, be pofitive 
things; yet the nature of coldnefs itfelf may 
confift in a privation. As when a man is kill- 
ed by a bullet, his death ts effected by a pofi- 
tive, and even impetuous action, and yet death 
itfelf 1s but a privation of life. If alfo, ina 
dark room, a man caft cold water upon a burn- 
ing coal, though the water aét by its pofitive 
quality of moifture, and, by virtue of that, ex- 
tinguifh the fire, and, by that means, deitroy 
the light, yet the darknefs, that is confequent 
upon this action, 1s not a pofitive thing, but a 
privation, 
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SECTION 
Phil, i > paufe you here made, Gens 

tlemen, makes me think it {eafon- 
able to put the company in mind, that it be- 
gins to grow late, and therefore to call upon 
T beiniftius to produce what he has yet to alledge 
out of Gaffendus. 

Them. The philofopher, you have named, 
has indeed another weapon to deftroy the er- 
ror about cold, which he confutes. And this 
argument, like a two-edged fword, that cuts 
on both fides, does not only confirm what he 
maintains, but deftroy the chief objection, that 
can be made by his adverfaries. The argu- 
ment I fpeak of, he propofes in thefe terms : 
Tametfi multa videantur ex fola caloris abfentia 
frigefcere, nibilominus nifi frigus extrinfecus in- 
troducatur, non tam profetto frigefcere quam 
decalefcere funt cenfenda. Efto enim lapis, lig- 


-num, aut aliquid aliud, quod nec calidum, nec 


frigidum fit, id ubi fuerit admotum igni calefiet 
fané , at cum deinceps calor excedet, neque fri- 
gidum, ullum circumftabit, non erit cur dicas ip- 
jum frigefieri potius quam minis calidum firi, 
rediréve in fuun ftatum. 

Carn, WHETHER this contain not a dif- 
pute de modo loquendi, 1 fhall leave the com- 
pany to judge, by what I hall return in an- 
fwer to it. I fay then, that it feems to me, 
that there is in the difcourfe an obfcurity, if 
not an ambiguity, though, I am confident, not 
affected by the candid Gaffendus. But to an- 
{wer as directly as I can; if we {peak only of 
a coldnefs, as to fenfe, I fee not, why water, 
or wood, or any fuch body, that is heated by 
the fire, may not, upon its removal thence, be 
faid to grow cold, and not barely to decale/- 
cere, in our philofopher’s fenfe of that word. 
For the heat and coldnefs of water, in refe- 
rence to fenfe, confifting, as I lately fhewed in 
this, that the particles of it are more or lefs 
agitated, than the hand that is immerfed in ‘it, 
they need nothing elfe to make the liquor grow 
cold, than fuch an imminution of the brifk 
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motion of its corpuicles, that they ceafe to be 
as much agitated, as thofe of our organs of feel- 
ing: and if this already impaired agitation be 
{till more and more leffened, the liquor will 
fill grow colder and colder, without the help 
cf any pofitive caufe, until at length the agile 
parts, that kept it fluid, being quite expelled, 
or difabled, the form of the liquor comes to 
be exchanged for that of ice. 

Phil. Bu what fay you to that part of Gaf- 
fendus’s argument, where he propofes an adia- 
phorous body, which, when affected with an 
adventitious heat, woud not grow cold by 
the bare removal, or ceflation of that heat, un- 
lefs it were refrigerated by an agent, that were 
pofitively and actively cold ? 

Eleuth. I fay, Philoponus, this fuppofit:on 
fhould not be made, and that I know of no 
fuch adiaphorous body. For fince, as I have 
been obliged to inculcate, thofe bodies mutt 
be cold, as to fenfe, whofe parts are lefs agi- 
tated than thofe of our hands, and confequent- 
ly metals, ftone, wood, and other folid bodies, 
and alfo water, wine, and all other unmingled 
liquors, we know, being heated by the fre, 
will grow cold again of theinfelves, becaufe 
the adventitious motion ceafing by degrees, 
either upon the recefs of the igneous corpul- 
cles, or the imparting of the extraneous agi- 
tation to the air, or other contiguous bodies, 
the ftone, or water, &c. will again have fo 
much fainter an agitation, than that of a man’s 
fenfory, as to be by him judged cold: and 
becaufe almoft all the fpecies of permanent bo- 
dies here below, that are known, have, in what 
is called their natural ftate, a lefs degree of a- 
gitation in their infenfible parts, than men’s 
organs of feeling are wont to have, thofe bo- 
dies may be faid to be naturally cold, and 
therefore ought not to be fuppofed to be indif- 
ferent to cold or heat. 

Phil. But whether or no nature do really 
afford us an adiaphorous body ; yet furely the 
mind is able to conceive one, and therefore 
Gaffendus may be allowed to fuppofe fuch bo- 
dies, and Carneades may be obliged to anfwer 
what he argues upon that fuppofition. 

Carn. (r is one thing to propofe an adia- 
phorous body, as barely an intelligible, or a 
poffible thing; and another, to give inftances, 
of it, as Gaffendus has done in particular bo- 
dies, in which that indifference is not to be 
found, And it is this laft kind of funpofition, 
that I difallowed in Gaffendus’s argument. But 
if a body fhould be propofed, as adiaphorous 
in reference to heat or cold, I might fay, with- 
out prejudice to my caufe, that if fuch a body 
fhould be carried into a hot place, it might 
there grow warm 3 and if it fhould be removed 
back again, and kept, till it loft that new ad- 
ventitious heat, it might rather decalefcere, 
than grow cold as to fenfe. But the reafon is, 
becaufe, it is not every degree of imminution 
of heat, that is able to denominate a body cold, 
but fuch a degree as recluces the parts of it to 
a fainter motion, than is at that time, in thofe 
of our organs of feeling ; and till this be done, 
or at leaft very near done, the propofed body is 
{till Gf I may fo {peak} in the ftate of heat, 
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as to fenfe: which laft words I add, becaufe, 
that in reference to other bodies, it may then 
be notably refrigerated. As lead, that has bue 
heat enough to keep it in fufion, may, by th¢ 
pouring on of fuch water, as to a man’s hand, 
would feel hot, be brought to grow hard, 
which lofs of fluidity is alfo the natural effect 
of cold, though perhaps, both the metal, and 
the liquor, be yet as to fenfe confiderably 
hot. 

Eleuth, So that, according to you, none of 
the kinds of bodies, that are a€tually known 
in nature, are adiaphorous as to fenfe. On 
which occafion let me note by the by, that the 
frequent variations of fenfe muft render it but 
an uncertain ftandard of heat and cold: and 
upon fuppofition, that there were an adiapho- 
rous body in reference to our fenfe; yet it 
would not be fo in reference to all other bo- 
dies, or, in the phrafe of our Verulam, {peak- 
ing of heat, in ordine ad univerfum. And for 
what remains, the controverfy grounded on 
Gaffendus’s argument feems to be rather ver- 
bal, than real, and may be determined, or 
compofed, by fettling the diftinct acceptions of 
the words cold and heat. 


SECTION VII. 


Phil. HEREFORE I with, that we 

may not watte the little time, that 
is left us, upon niceties of no greater concern- 
ment; and [think this fhort time would be 
better employed, if Carneades would be pleafed 
to tell us a little more particularly, what he fup- 
pofes to be the thing, that withheld Mr. Boyle 
= delivering an opinion about the nature of 
cold. 

Eleuth, Yet, methinks, it is but fair, that 
Cerneades, who has all this while been con- 
fined to the anfwering another’s arguments, 
fhould now take his turn to propofe his own. 

Carn. I find, in each of your motions, Gen- 
tlemen, fomething fo equitable, and fo exper 
dient, that I fhal in part comply with both. 
And that I may haften to do what Pbiloponus 
defires, I fhall do no more than briefly point 
at two things, that may be alledged in favour 
of the hypothefis I defend. For if you reflect 
upon what we have already difcourfed, we 
may take notice of things there, that will fcarce 
be well accounted for by being afcribed to po- 
firive cold, but may be far better explained a- 
greeably to our hypothefis. And muft add, in 
the next place, that I, who fuftained the per- 
{on of a refpondent, may pretend to have fuf- 
ficiently difcharged my office, if I have fhewn 
the invalidity of all the opponents arguments ; 
and it is his part, who afferts a pofitive thing 
in nature, to make it good, whereas he, that 
denies it, needs not alledge any other reafon 
why he does fo, than the authority of that juft- 
ly received axiom in philofophizing, Entia non 
funt -multiplicanda abjque necefitate. And, 1 
hope, there will need no other engine to de- 
molifh an ill-formed and prooflefs opinion about 
cold, than an axiom fo folid and efficacious, 
that in the opinion of almoft all the modern 
naturalifls it has been able to abolifh fuch po- 
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tent and immenfe bodies as the primum mobile 
itfelf, and a fuperior orb or two, the leaft of 
which contained that firmament, in compari- 
fon whercof the whole earth is but a point. 
And not only fo, but the fame axiom has ba- 
nifhed the angels and intelhgences from the 
ceeleftial orbs, that Arfforle and his followers, 
had afigncd them to turn about; or rather 
hath relealed thofe noble and happy fpirits 
from the drudgery, to which the philofophers 
of fo many ages, had needlefsly doomed them. 
Eleuth, I the lets dittruft the validity of the 


axiom you aliedge, becaufe I obferve it to be 


the ground, on which is built a great part of 


the reformation of philofophy, that 1s intro- 
duced by the moderns. For onc of the main 
things, that firft moved confidering men to 
feek tor more fatisfactory opinions, than thofe 
of the peripatetick {chools, was, that thefe ob- 
truded a great many tenets in philofophy, 
that were not only unproved, but unnecefiary 
to the explication of the phzenomena of nature ; 
as it were not difficult to fhew. 

Bur I {ce Philsponus preparing to renew the 
motion he lately made, in which the fhortnefs 
of time makes me now think it feafonable to 
join with him, I being no lefs defirous than 
he to know, ‘what may be the motives of your 
friend’s declining to declare himfelf fully about 
the nature and caufe of cold. 

Carn. I have already intimated to you, at 
the beginning of our conference, that he 1s 
himfelf the fitteft perfon to be addreffed to for 
fatisfying this enquiry. But not to be altcge- 
ther filent on this occafion, I fhall tell you, 
that, as far as I can guefs, he waits till tarcher 
trials and fpeculations have refolved him in 
fome points, wherein he is not yet fatisfied : 
for, being of a temper backward enough to 
acquiefce without fufficient evidence, when the 
enquiry is difficult, and the fubject important ; 
he feems to me to be kept in fufpence, both by 


forne {peculative doubts, and the phenomena 


of divers experiments, fome of which are not 
delivered in his book. It would be now 
improper to mention the fcruples and _hefi- 
tancies they have occafioned in him; though 
of thofe, I have heard him fpeak of, I fhall 
name fome inftances, that occur the moft readi- 
ly. As I remember I heard him make enquiry, 
as to thofe, that would have cold produced by 
corpufcles of cold ; whether, and on what ac- 
count, thofe little fragments of matter are cold? 
whether thofe frigorifick particles, that muft 
in multitudes crowd into water to turn it into 
ice, have gravity or levity, or are indifferent 
to both? And how any of the three anfwers, 
that may be made to this enquiry, will agree 


to fome phznomena, that may be produced ? 
what ftructure the corpufcles of cold can be of, 


that fhould make them frigorifick to that in- 
numerable variety of bodies they are faid to 
pervade? And, whether the frigorifick faculty 
of thefe corpufcles be loofable, or not? As 
alfo, whether or no they be primitive bodies ; 
and if it be faid, they are not, whether there 
was not cold in the world before they were 
produced, and whence that cold could proceed? 


-And if it were faid, they are primitive bodies, 


he demanded, how it came to pafs, that by 
putting a certain factitious body actually warm, 
into water, that was alfo warm, (both which 
appearcd by a good Jealed weather-gla{s) there 
fhould prefently be produced an aétual cold- 
nefs (difcernible by the fame thermotcope ?} 
Vheic, and I know not what other fcruples 
and difficulties, fuggefted to him by his 
thoughts, or his experiments, were the things, 
that, I fuppofe, prevailed with a man of his 
temper to forbear for a while the declaring of 
his fentiments about cold, left the event cf 
fome farther trial fhould fhew him caufe to re- 
tract them. 

Phil. What you have frefhly intimated, 
Carneades, of Mr. Boyle’s having other hefita- 
tions, than thofe you have named and fuggeited 
by experiments, rot publifhed in his hiftory, 
does, I confeis, the more excite my curiofity 
to have, at leaft, a tafte of thofe preplexing 
phzenomena. : 

Carn. You may eafily guefs, Pbileponus, 
by what 1 have told you already, that you are 
not to exfpect a full fatisfaction from me on this 
occafion. But yet, that your curicfity may 
not be fruftrated, I fhall venture to acquaint 
you with two phenomena, which were, I 
fuppofe, none of the leaft motives of his back- 
wardnefs to declare himfelf. But though fome 
body perhaps thinks, that the grounds of 
folving thefe phenomena, and moft of the 
newly recited icruples, may be picked out of 
fome things, that may already have pafled 
among us in this conference; yer, becaule we 
have not now time to enter upon a difcuffion 
of this matter, I am willing you fhould fuf- 
pend the debate, till we have occafion to meet 
another time; and therefore I fhall now only 
acquaint you with a couple of experiments, 
that he fet down fora virtufo, who was to folve 
the two main problems fuggefted by them. ~ 
The firft whercof was, whence water fhould, 
upon congclation, acquire fo vaft a force, as he 
found it had, to lift up great weights, and burft 
containing bodies ; though it feemed by feve- 
ral circumftances, that the motion of the water 
is very much diminifhed, when it is changed 
into ice. And the fecond problem is thus con- 
ceived ; if, as a brifk agitation of a body’s in- 
fenfible parts produces heat, fo the privation of 
that motion 1s, as Cardan, and the Cartefians 
would have it, the caufe of cold; whence is 
it, that, if certain bodies be put together, 
there will be a manifeft and furious agitation 
of the {mall parts, and yet, upon this conflict, 
the mixture will not grow hot, but fenfibly and 


even confiderably cold? The narratives them- 


felves, of the experiments, are too long to be 
now read over to you. And therefore, I fhall 
Jeave the paper, that contains them, among 
you, to be perufed at your leifure, between 
this and our next meeting, till when I mutt bid 
you farewell ; only defiring you in the mean 
while, to remember, that, as I have but acted 
a part impofed upon me in our paft conference, 
fo notwith{tanding any thing, that I have faid 
in my affumed capacity, I reieive to myfelf 
the right of appearing as little pre-engaged, as 
any of you at our next meeting. 

TWO 
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TWO PROBLEMS 


ABOUT 


O 


L OD, 


Grounded on NEW EXPERIMENTS, 


And propoled ina LETTER toa FRIEND. 


To my very Learned Friend Mr. F B. 


SIR, 


PRESUME, that you will not be fur- 

prized to be told, that I fend you the in- 

clofed papers, not only, that I might gra- 
tify your curiofity, but, that you may by them 
be enabled to help me to fatisfy my own ; and 
therefore I fhall accompany the hiftorical tran- 
{cripts I made of the following experiments, 
as { found them regiftered for my own re- 
membrance, with fome of the doubts iuggefted 
to me by fome of the phenomena, that oc- 
curred. But yet I fhall not trouble you with 
all the difficulties, that at firft troubled me, 
but reduce the exercife, I defire to give your 
fazacity, to the folution of two problems. 
And I will begin with propounding that firft, 
which is grounded upon the laft of the two 
following papers, becaufe, though the hiftori- 
cal part of that be much the longeft, yet the 
grounds of my quzere concerning it, will be 
much more briefly propofed, the expernmment 
itelf naturally fuggefting this problem ; ‘* low, 
‘© upon the mixture of two or three bodies, 
¢ fuch as thofe mentioned in the paper, there 
< fhould manifeftly enfue a great and tumul- 
“¢ tuary agitation of {mall parts, and yet, even 
during this conflict, not any fenfible heat, 
¢ but a confiderable degree of cold, be pro- 
“© duced,’? and that even in ‘he internal parts 
of the mixture ? 

Tue imducements to make this problem 
need not be far fetched, it being obvious e- 
nough, that, according to the corpufcularian 
philofophy, which you and I agree in, a brifk, 
and various agitation of the minute parts of 
a body is that, which makes it hot, both in 
reference to our fenfories, and to its operations 
on other bedies. But I doubt, the rife of tne 
problem is much more eafy to be underftood, 
than the caufe of the phrenomenon, about 
which I will not afk you, whether one may 
not affert, that local motion 1s, 1n Its own na- 
ture, a generical thing, which may be fo di- 


w“~ 


GG 


“ 


verfified by circumftances, that one kind of 
modification of it, as it is made in corpufcles 
of feveral fizes, and fhapes, may be the caufe 
of heat, and another, that of cold? or elfe, 
whether we may fuppofe, that cold 1s a po- 
fitive thing, and operates by real corpulcles of 
cold, which happening to abound, and yet to 


be locked up in the bodies, whofe mixture I 


employed, they are, by the great conflict, that 
diffolves the texture of the ciafhing falts, {e- 
parately put into motion, and that in fuch 
numbers, that though really there would be 
a heat produced by the brifk and confufed agi- 
tation of fome of the parts, yet that heat is 
not only concealed, and cheeked, but maftered 


by the over-powering operation of the frigo- 


rifick corpufcles. But to afk you about this, 
or any other particular way of folving our 
phzenomenon, were to forget, that my aim is 
to learn not your opinion of this, or that par- 


‘ticular conjecture, or fancy, about our pro- 


blem, but in general, how it may be beft re- 
folved, and what you think to be the true caufe 
of fo odd an effect. 

Havine thus difpatched the little I had 
to fay about the paper, that fuggefted the fe- 
cond problem, I will now fuppofe, that you 
have read the phzenomena, that contain the rife 
of the firft, to which | fhall proceed, without 
farther preamble, fince the queftion, or problem, 
that thefe naturally call for, is, ‘* Whence this 
‘¢ vaft force of freezing water proceeds ?”’ 

For the breaking of refitting bodies being 
to be made by a violent local motion, and 
cold, according to the judgment even of the 
moderns, either confiiting in, or, at leaft, be- 
ing accompanied with a privation, or a great 
imminution of motion, it feems very difficult 
to conceive, how cold fhould make water to 
exert fo wondertul a force. I know the learn- 
ed Gaffendus, and divers other philofophers, 
teach us, that glaciation is performed by the 
entering of {warms of corpufcles of cold, as 


they 
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they ¢all them, into the liquor, But I much 
doubt, whether, from this hypothefis, a good 
folution ef our phenomenon will be derived, 
fince thefe atoms of cold feem not barely, as 
fuch, to make that expanfion of the water, 
which is required in the experiment by me re- 
cited, For J fee, that though water will be 
more and more refrigerated, according as the 
air grows colder and colder, yet, till it be 
brought to an actual glaciation, all the {warms 
of the frigdrifick atoms in it are fo far from 
expanding it, that they more and more con- 
denfe it. And even that degree of cold, which 
deftroys fluidity, though it expands water, does 
not do it merely by the multitudes of the fn- 
gorifick corpufcles, that invade the pores of 
the lately fluid body, fince pure fpirit of wine, 
and almoft all chemical oiles, though expofed 
to the fame degree of cold, that turns water 
into ice, or, as I have tried, unto a far greater 
than is neceffary to do fo, will be but the more 
condenfed by thoie {warms of particles. But, 
which is more confiderable, I have carefully 
obferved, that, befides common or exprefifed 
oils, chemical oil of anifeeds itfelf, being fro- 
zen, or concreted by an intenfe degree of cold, 
will not be expanded, but notably condenfed, 
and accordingly grow fpecifically heavier than 
before. And this was one thing, that kept 
me from expecting the removal. of our diffi- 
culty from the ingenious explication given of 
freezing by the Cartefians, when they teach, 
that the eel-like particles, whereof they fup- 
pofe water to confift, are very remusly agi- 
tated, and their want of pliantnefs makes 
their contexture lefs clofe; which feems not 
to agree with the lately mentioned trials. And 
though thefe eel-like particles ihould lofe all 
their flexiblenefs, though, in that cafe, 1t may 
probably be faid, that they would take up lefs 
room than before, if nothing oppofe their 
expanfion, yet it does not thence appear, how 
they fhould acquire fo vaft a power to expand 
themfelves in {pite of oppofition, as we have 
fhewn water, by freezing, does acquire. 

I did not hope to refolve our problem by 
the help of a vulgar fuppofition, that well ftop- 
ped veffels are broken in frofty weather 0 fu- 
gam vacui, fince I found that fuppofition to 
be erroneous by divers experiments, fome of 
which are mentioned in the hiftory of cold. 

It feemed lefs improbable, that fome af- 
fiftance to the folving of our difficulty might 
be given by two other things. Whereof the 
firft is, that, for aught I have yet obferved, no 
liquor but water, or that which participates of 


water, by having aqueous particles feparable 


from it, will Ee. made to fwell by cold; nor 
will water itfelf do fo upon every degrée of 
cold, but only upon fo great an one as atu- 
ally turns it into ice. And the fecond is, that 
upon the glaciation of water, and aqueous li- 
quors, we may obferve in the ice many bub- 
bles, greater or fmaller, intercepted between 
the folid parts, and fuppofed to be full of air, 
(I fay, fuppofed, becaufe, upon trial, I found 
them to have yielded but a fmall proportion of 
common air;) which fuppofition, if true, 
would perhaps invite one to fufpect, that the 
air contained in thefe bubbles might have an 
intereft in our phanomenon; fince I have 
found, by trials purpofely made, that air con- 
gregated into vifible, though not great por- 
tions, may exercile a confiderable elafticity, 
which appeared not whilft it was invifibly dit 
peried through the water. 

Awp if I did not fuppofe, both that you 
had taken notice, that there are wont to be nu- 
merous particles of {pringy air difperfed through 
the pores of water; and that you had confi- 
dered, whether the want of pliantnefs, occa- 
fioned by cold in the aqueous corpuicles, whilft 
they are yet agitated and brandifhed by fome 
permeating matter; and whether, upon the 
change of the pores, that we may conceive to 
be made in. freezing water, either by the re- 
cefs of one fort of fubtil corpufcles, or the ad- 
miffion of another, or the clofer conftipation 
of the groffer parts, there may not be produ- 
ced in corpufcles, that compofe water, to fay 
nothing of the intermixed air, or the concre- 
tions, or the coalitions, occafioned by the cold) 
a {pringinefs capable to make many little bo- 
dies, endowed with it, exert a great force a- 
gainit the fides of the veffel, that oppofe their 
joint endeavour to expand themfelves: if, I 
fay, I did not believe, that thefe, and the like 
fufpicions, had occurred to you, as well as to 
me, together with the difficulties, wherewith 
each of them feems to be incumbered, I would 
acquaint you with what thoughts, and trials, 
occurred to me about thefe, and the like con- 
ceits. But f not daring to think this could 
prove other than a needlefs work, 1 muft re- 
member, that my bufinefs, in this paper, is to 
propofe difficulties, not the ways of folving 
them; it being, from your kindnefs and faga- 
city, that thefe are as well expected, as defired, 


by; 
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Your, &c. 


AN 


AN ATTEMPT 


To Mawirest and Measure the 


GREAT EXPANSIVE FORCE 
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FREEZING WATER. 


ONSIDERING, when I writ the 
f hiftory of cold, that though divers 

phenomena might induce an attentive 
obferver to think, that freezing water had an 
expanfive force, yet I had not met with any, 
that endeavoured, or even propofed, to mea- 
fure 1, whether, becaufe they reflected not on 
it at aH, or judged not the force confiderable ; 
J, who iooked with other eyes upon it, thought 
fit to repair thet omiffion, but ‘was then fo 
ill furnifbed with requ.iites for doing it fully, 
that, I remember, I complained of it in my 
hiftory of cold. And thomgh, even afterwards, 
when the time of the year was favourable, | 
could not procure fuch accommodations, as my 
defign exacted ; yet, thinking an imperfc¢ct way 
of meafuring to be better than nouwe, I pre- 
ferred, to the making no attempt at all, the 
endeavouring to do what the leaft defective in- 
ftrume:.cs, I could procure, would permit me, 
towards the making an eftimate by known mea- 
fures, of the expanfive power of freezing wa- 
ter. For chough I did not expect I fhowld 
be able accurately to desine it, yet I hoped I 
fhould make fuch an eitimate, as to know, 
that force not to be, as one would think it, 
faint and contemptible, but very great and 
confidcrabie. 

I remember on this occafion, that to manifett 
the force of freezing water, } caufed the barrel 
of a fhort gun to have a fcrew fitted to the 
nofe of it, by which we might exactly ftop it, 


as we did the touch-hole apother way ; then’ 


filling the barrel with common water, and clo- 
fing it accurately by the help of the fcrew, we 
laid it in a conveniently-fhaped veffel, wherein 
we encompaffed it with a frigorifick mixture 
(of fnow, or ice, and falt,} and, im a thort 
time, we found, as we expected, the barrel to 
be burft, part of the ice appearing along the 
gaping flit, that had been made in the body of 
the iron by the freezing water, which, by this 
effect, feemed to emulate the juftly-admired 
force of kindled gun-powder. Bur the de- 
fign of this fhort paper tending not fo much 
to prove, as (im fome fort) ta meature the ex- 
spanfive force of water, J flaali fublbjain the tran- 
{fcripts of two or three experiments, made 
chiefly for that purpote. 
Vou. TT. 


EXPERIMENT JI, 


[ HERE was taken a ftrong cylinder of 
brafs, whofe cavity was two inches in 
diameter ; into this was put a bladder of a con- 
venient fize, with a quantity of water in it, 
that the neck of the bladder (which I had 
taken care to have oiled) being ftrongly tied, 
the water might not get out into the cavity 
of the cylinder, nor be capable of expanding 
itfelf fome other way, than upwards. Then 
into this cylinder was fitted a plug of wood, 
turned on purpofe, which was fomewhat lefs 
in ciameter than the cylindrical cavity, that it 
might rife and fall eafily in it. Upon the up- 
per part of this plug was laid a i aia a 8 
fhaped Hat body, upon which were placed di- 
vers weights to deprefs the plug, and hinder 
its being lifted up by the expanfion wont to 
be made in water, that ts made to freeze: then 
a frigorifick mixture being afterwards applied 
to the cylinder, it appeared, within half an 
hour, or fomewhat more, by a circle, that had 
been purpolcly traced on the fide of the plug, 
where it was almoft contiguous to the orifice 
of the cylinder, that the water in the bladder 
began to expand itfelf, and about two hours 
after, having occafion to fhew the experiment 
to fame inquifitrve perfans, the circle appeared 
to have been heaved up, in my eftimate, a- 
bout 4, if not half, of an inch, notwithftand- 
ing all the weights, that endeavoured to hin- 
der the afcenfion, though thefe weights a- 
maunted ta 115 pound, which were all the 
determinate weights we could then procure, 
befides a brick, and fome other things, that 
were eftimated at five pound more; nor did T 
doubt, that a far greater load would not have 
hindred its expanfion. } 
KRXPERIMENT I. 
L WV * took a brafs cylinder, whofe dimen- 
fions were three inches erght tentls 
in diameter, and in depth four inches. Into 
this we pura fine bladder of a convenient fize, 
almoft filled with water, and ftrongly tied a- 
bout the neck ; upon this bladder we put the 
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wooden plug to ftop up the orifice, as much 
as was convenient, and upon the plug we put a 
picce of a riat board for the weights to ftand upon. 
'Chefe things being prepared, we conveyed the 
cylinder, with all, that belonged to it, fave the 
board, into a large wooden bowl, where we applied 
tothe cylinder a good quantity of the frigorifick 
mixture, made with beaten ice and bay falt ; and 
having firtt marked with a circular line the 
edge or contact,-where the orifice, or lip of the 
éylinder, touched the plug, we laid on the 
weights upon the board; and when by their 
weight they had depreffed the plug ull the 
cover of it leaned upon the cylinder, we dif- 
pofed ourfelves to attend the iffue of the trial. 
The event whereof was this, that when the 
aétion of the frigorifick mixture had produced 
fome ice in the water included in the bladder, 
that liquor appeared to have dilated itfelf 
ftrongly enough to begin to raife the plug with 
the {uper-incumbent weights, and by degrees 
they were, by the growing ice, raifed, till the 
mark, diligently made on the plug, where the 
edge of the cylinder touched it, was about a 
tenth part of an inch above the ftation it had 
before the plug had been depreffed. Then 
we took out the bladder, and found the cy- 
Jinder of water within the bladder not to be 
wholly turned into ice, but to contain fome 
quantity of unfrozen water in the parts about 
the centre, which liquor, if we had not fo foon 
defifted from the experiment, (as for certain 
xeafons we did) might probably have raifed the 


A New EXPERIMENT about the 


weights fomewhat higher. But as it was, the 


ice in length was but three inches and about #> 


and yet io imal] a quantity of ice fufficed to 
raife, befides the board they leaned on, as many 
weights of lead, as amounted toan hundred 
pound averdupois. | 


EXPERIMEN T _ IIT. 


[ HE day after the above-mentioned ex- 

periment was made, to try yet farther 
the expanfive force of freezing water, the fame 
was reiterated after the manner above deliver- 
ed, but with this difference, that having pro- 
cured more weight, when the plug was lifted 
up 3, or fomewhat better, (which plug began 
fenfibly to rife within half, or three quarters of 
an hour, after the frigorifick mixture was ap- 
plied) it was loaded with a weight of two hun- 
dred pounds, and a fifteen pound piece of 
Jead, and other bodies, as boards, &c. to lay 
the weights upon, which being alfo weighed 
by themfelves, came to fifteen pound more, fo 
that the whole amounted to two hundred and 
thirty pound ; and if the hundred pounds were 
both of them, as their bulk and fhape invited 
us to guefs, of that fort of weights, which are 
called the great hundred, containing an hun- 
dred and twelve pound a-piecc, twenty-four 
pound muft be added to the fum, which would 
thereby be made up two hundred and fifty-four 
pound. ] 


A 


NEW EXPERIMENT 


ABOUT THE 


PRODUCTION of COLD 


By th CONFLICT of BODIES, appearing to 
make an EBULLITION. 


ND now, that we are fearching after the 

A nature of cold, I am put in mind, 
that I have fometimes wondered at a 

certain experiment, that is fo anomalous, and 
fees fo little of kin to the ufual phenomena 
of cold, that though I do not particularly 
teach the way of making it, becaufe I could not 
@o it without difcovering fomething in che- 
miftry, that cogent confiderations forbid me at 
prefent to publifh ; yet I cannot forbear to re- 
late, on this occafion, the matter of faét, both 
becaufe it may afford confiderable hints to fa- 


gacious enquirers, and becaufe it feems fo little 
congruous to moft thearies of the caufes of 
cold, thatit may make the framers of the- 
ories more wary, and help alfo to excufe my 
backwardnefs to propofe hypothefes about cold 
in a refolute and confident way. 

THE experiment is this: We took three fa- 
line bodies, each of them purified by the fire ; 
and whereas there are divers bodies, that being 
mingled together acquired a heat, which nei- 
ther of them had apart ; and whereas it is faid 
by fome, that there are a few, which being 

blended 
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blended together, make a mixture fomewhat 
colder than either of themfelves, thefe falts of 
ours being put together in due proportion, do 
upon their mixture produce that, which the 
eye judges to be a great effervefcence ; but 
though the hiffing’noife be loud, and though 
the numcrous bubbles fuddenly generated will 
make the matter apt to overfiow the glafs, if 
the one be not capacious, and the other be not 
put in by little and little 5 yet even whilft this 
teeming ebullition lJaits, the glafs, which one 
would expect to find very hot, (as ufually hap- 
pens upon the mixture of the falt of tartar, and. 
{pirit of nitre, and upon the confufion of the 
like faline bodies difpofed to produce together 
fuch efflorefcencies) inftead of growing hot, 
does, if it be held in one’s hand, feel much 
cooler than Om and that in a wonderful 
degree ; infomuch, that even in winter the out- 
fide of the glafg would quickly be covered with 
great drops of dew, which after a while would 
unite, and trickle down by their own weight. 
And this we could make to laft for a great 
while, by cafting in by degrees more and more 
of one of the ingredients on the other. And 
befides that, this copious dew on the outfide 
of the glafs, reached as high as the mixture 
within, which argued whence it proceeded ; 
befides that, purpofely lcoking on the bottom 
of the glats, whofe outiide was concave, we 
found no fuch drops of dew there, becaufe the 
vapours of the external air could not, in any 
quantity, have accefs to it ; which fhewed the 
dew, confpicuous elfewhere, not to come from 
the tranfudation of the finer parts of the mix- 
ture through the pores of the glais: befides 
thefe things, I fay, I remember, that having 
fometimes purpofely wiped off the dew here 
and there with my handkerchief, the dry parts 
of the glafs wouid in no long time regain frefh 
drops of dew. And this odd experiment we 
did for the main repeat, not only in the pre- 
fence of an induftrious chemift, (whofe trials 
unexpectly gave us the rife of the experiment,) 
but alfo alone, and at differing feafons of the 
ear, 

I fhall add, that having afterwards, about 
the middle of November, thought fit to vary a 
little, and repeat the experiment, becaufe I 
could then make ufe of a fealed weather-glafs, 
which I had not at hand when I made the for- 
mer trials; I took rwo deep glaffes, into the 
one of which I puta good quantity of fair wa- 
ter, andin the other 1 made fuch a mixture, as 
J was lately mentioning ; and having by a 
ftring, (to prevent the altering of the temper 
of the included air by the warmth of my fin- 
gers) let down the weather-glais into the wa- 
ter, that the liquor fhut up in the inftrument 
might be cooled by the ambient water ; after it 
had ftaid there a reafonable time, I took it out, 
by the ftring, that was faftened to the upper 
part of it, and letting it down into the mix- 
ture, that was then hifling, and filling the vef- 
- fel, that contained it with multitudes of fuc- 
ceffively emerging and hattly vanifhing bub- 
bles; I perceived neverthelefs,’ that the cold- 
nefs of the feemingly effervefcent mixture made 
the imprifoned tincted liquor to iubfide fo low, 


that from fourinchesand three quarters (or there- 
about) at which height it ftood in the carefully 
divided ftem, when the weather-glafs was taken 
out of the water, it fell in a fhort time lower 
than to one inch and an half. And becaufe T 
forefaw, that this might feem fcarce credible, 
efpecially if I fhould relate, how fwiftly the 
imprifoned liquor fubfided at the beginning; I 
fhall ainex, that, for farther fatista€tion of 
others, I removed the thermometer out of the 
mixture into the common water again, .where 
it foon reached to fomewhat above four inches 
anda half; and not content with that, I put 
it a fecond time into fome of the frigefactive 
muxture before it had done foaming, in which 
it fell, as before, fomewhat below an inch 
and a half, and, prefently after, almoft as 
low as toan mch. And having once moré 
put it back into the glafs, that contained the 
water, the included liquor re-afcended to a- 
bove four inches and a half, and this in an excel- 
lent fealed weather-glafs, whofe ftem was rot in 
all above ten inches long, with a ball propor- 
tionably big. And for farther confirmation, I 
took notice, that, whilft the mixture, by its 
hifling noife, and its ftrangely numerous bub- 
bles, deemed to be in a ftate of cbullition, the 
outfides of the glafs, that contained it, were, as 
far as the mixture reached, fo plentifully be- 
dewed with the condenfed vapours of the am- 
bient air, that their weight carried them down 
in little ftreams, which left round about the 
bottom of the veffel a pretty quantity of h- 
quor, that appeared by its tafte not to have 
been made by the tranfudation of any of the 
fharp and faline liquors, that were agitated 
within the glafs. There remained only one 
fcruple, which was fugeefted to me by the re- 
membering of a circumftance, which how- 
ever, at the making of the fore-mentioned 
trials, I had not minded, and which poflibly 
molt obfervers would have neglected; but 
calling to mind, that the water, I had made 
ufe of to immerfe the weather-glafs in, was 
brought out of a room, wherein a fire was 
wont (though not conftantly) to be kept, 
whereas the ingredients of the mixture were 
kept, and put together in a chamber, which, 
though contiguous to the former, had no 
chimney in it; I thought fit, for greater cir- 
cumfpection fake, to let the water ftand all 
night in this laft-mentioned chamber, that the 
ambient air might have the fame operation 
upon it, as upon thofe bodies, that were to be 
ingredients of the mixture: and then repeat- 
ing the formerly recited experiment, though 
I thoughr it needleis to fpend time to watch, 
as before 1 had done, the greateft diffe- 
rence in cold betwixt the water and the bub- 
bling mixture; yet by making removes of 
the weather-glafs to and fro, from one Itquor 
to another, it fuiiciently appeared, that the 
greater coldnefs, remarkable in the mixture, 
did not before proceed in any confiderable de- 
gree (if in any degree at all) from the water’s 
not having been kept in the fame room 

with it. 
So that by thefe different trials it feems ma- 
nifeft, that the coldnefs of the mixture was not 
a 


af 


a 


J 


A NEw EXPERIMENT ahout the 


a deception of the fenfory, fince it would be 
difcovered by the operation it had, not only 
upon the vapours of the air on the outfide of 
the glafs, but upon the thermometer itfelf, 
laced in the midtt of the mixture, which this 
laft named circumftance argues to have been 
cold throughout, and even in its innermoft 
parts. 

Anp to fhew, how much this ftrange cold- 
nels depended upon the peculiar texture of 
the mixture, or the ftructure of its component 
corpufcles, and the pecuhar kind of motion, 
that was excited in the tumultuating parti- 
cles; I fhall here fubjoin a relation, which 
probably will not appear defpicable; name- 
fy, that in the firft place I took fome of 
the acid liquor, the reft of which I had made 
ufe of to make the mixture, whereof I have 
been fpeaking; and put a convenient quan- 
tity of fair water, which had been kept a 
night or two, in the fame room (wherein 
was no chimney) with it, that there might 
be no caufe of fufpicion, that the one had 
been expofed toa more or lefs cold air than 
the other; and yet thefe two liquors did 
fcarce fenfibly differ in coldnefs; though to 
difcover whether they did orno, I removed 
from one to another of them a good fealed wea- 
ther-glafs, with a very {lender ftem. 

AnpD in the nextplace, I took a convenient 
quantity of the pure falt, I had fo often em- 
ployed, and caft it into a glafs full of water, 
which I had kept many hours in the fame 
room with it, and wherein I had a little before 
placed a fealed weather-glafs, that the included 
hquor might be brought to the temper of the 
ambient liquor; but upon this injection, the 
tin¢ted liquor of the thermofcope fubfided fo 
little, as not to make me look upon this falt 
as being itfelf extraordinarily cold, fince other 
obvious falts (that I have at other times caft 
into water to cool ita Jittle) and even fea-falt 
would (according to my eftimate) have refri- 
gerated it as much, if not more. Nor did J 
obferve the glafs, wherein I was wont to keep 
ftore of our falt, (though IT had often occafion 
to handle it) difclofe to the touch any remarka- 
ble degree of coldnefs ; fo that the coldnefs of 
our hiffing mixture could not be attributed to 
that of either of the ingredients apart, but was 
a quality emerging upon their being blended. 
Now, when I thus made thefe preparatory tri- 
als, having afterwards placed in the fame win- 
dow (of the chamber laft mentioned) a couple 
of glaffes, with common water in one, and in 
the other fome of that mixture, of whofe fri- 
gefactive power I had very recently made 
trial; 1 left them to ftand there together all 
night, and left alfo ftanding by them fuch a 
fealed weather-glafs, as I have been mention- 
ing; and the next morning, when all the vi- 
fible commotion or agitation of the minute 
parts of the contrary falts of the mixture was 
quieted, I put the weather-glafs, firft, into 
one of thofe two liquors, and then into the 
other, and after removed it back into the 
former again, without perceiving any diffe- 
rence worth minding, betwixt the coldnefs 
of the mixture, and that of common water: 


and with much the like fuccefs F repeated 
the trial, after the water, and the other ke 
guor had ftood in the fame room (unfur- 
nifhed with a chimney) for near two days 
and nights. 

Awo for farther confirmation, I thall 
add, that having inftead of the fale, which 
¥ hitherto made ufe of, taken fome of the 
fpirit, that was wont to come over together 
with that falt, and did fo abound with it, 
that a good deal of it lay undiffolved at 
the bottom of the liquor; having, I fay, 
employed this fane fpirit, inftead of the fale 
itfelf, and having for trial’s fake mixed with 
it another fpirit, drawn in my own labora- 
tory for the purpofe, which to me feemed as 
hke, as could be made, to that, which I had 
all this while made ufe of; I found, that the 
mixture of thefe two liquors, though it pro- 
duced far fewer bubbles than I was wont to 
have, inftead of growing cold, grew luke- 
warm, and quickly impelled the liquor in the 
weather-glafs, froma little above three inches, 
to as much above eight; and yet, befides that 
this laft fpirit was, as far as I could perceive, 
and that after the fame manner, drawn from 
the fame materials with that I had ufed all 
this while; the fmell and tafte, (which are 
both of them peculiar and odd enough) con- 
curred to manifeft the two fpirits to be of the 
fame kind. 

AnD, for farther proof, I fhall add, that 
to fatisfy myfelf the more fully, I took a par- 
celof the fame liquor, I had lately employed 
with fuccefs in making the frigorifick mixture ; 
and yet even this liquor, which with the dry 
falt would queftionlefs have produced a frige- 
factive mixture, as well as the reft had done, 
which I had a little before taken out of the 
fame viol; this liquor, I fay, put to a new 
portion of the faline fpirit above-mentioned, 
though they did not produce minute bubbles 
numerous enough to make a foam; yet the 
mixture, inftead of growing very cold, grew 
manifeftly lukewarm, not only in the judg- 
ment of the touch, but by its operation on a 
good fealed weather-glals, carefully, and fora 
competent while employed to examine the tem- 
per of it. Whereas on the contrary, having 
purpofely kept fome of the frigorifick f{pirit by 
the fire-fide, till its temper was fo altered, that 
it nimbly enough rarified and impelled up the 
fpirit of wine contained in a fealed weather- 
glafs, immerfed in it, and having into this li- 
quor caft fome of the frigorifick falt, even 
whilft the {pint of wine was rifing, and would 
probably have rifen a pretty while longer; 
this injected falt, when it began to be diffolved, 
did not only give a check to the rifing li- 
quor, and quickly put a ftop to its afcent; 
but, as I expected, foon made it fubfide a- 
gain, till it fell about three inches or more 
(which was very much in a fhort weather- 
glafs) beneath the ftation where the fpirit of 
wine had refted, before the liquor was fet by 
the fire fide; nay, afterwards, I tried, that 
a frigorifick falt, being well warmed by the 
fire fide, did, with an appropriated hquor, 
that was alfo warmed, produce a coldnefs ma- 

nifeftly 
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nifeftly perceivable by the weather-glafs. So 
that in thefe cafes a body but moderately 
cold, nay, actually warm, haftily reduced one, 
actually warm, or at leaft tepid, to a far 
greater degree of aCtual coldnefs than itfelf had. 

THESE are fome of the experiments I tried 
with the liquors and falts, of which, upon al- 
Jowable confiderations, I muft now forbear to 
fet down the way of preparing: but, that even 
at prefent I may not be altogether wanting to 
the curious, I devifed a way of making a fuc- 
cedaneum to this experiment, which | fhall 
here willingly annex, as that, which though 
it be much infeior to what I may one day be 
at liberty to acquaint the reader with; yet ti 
will fhew the main thing intended, by mani- 
fefting, that cold may, by the mingling of 
bodies, be produced, or increafed toa degree 
exceeding thet of cither of the bodies, that 
compofed the mixture; and this, though ac 
the fame time a fecming effervefcence be 
made by the bodies, that thus refrigerate each 
other. ! 

I took then very good falt of tartar, and 
putting to it a convenient quannity of fpiric of 
vinegar, I did, whilft the mixture was hifiing, 
(but feemed to the touch to has > refrigerated 
the glafs, that contained it,; ' wneric into it 
the ball of a good F aled th: -motcope, turnifhed 
with fpirit of wine. And, th ugi the weather- 
slafs were not much a.ov_ a foct log, yet 
the coldnefs of this mivture inace the tincted 
liquor defcend, heitily c.cougn, two inchies and 
almoft a half. And to fhe: farther, that this 
mixture was actually colder than cold water, 
removing the weather-glals out of the mixture 
into that liquor, the tincted {pirit began to re- 
afcend, ‘and that fo nimbly, that in about three 
minutes (that the ball of the thermelcope 


ftayed under water) thé fpirit of wine had re- 
afcended about an inch and a half, if not more. 
And to try whether this coldnefs of the mix- 
ture did proceed from, or depend upon, fomé 
texture of the parts, that was not very per- 
manent, and yer did not quite degenerate, im- 
mediately after the ingredients had ccafed to 
work upon one another; I remember, that 
near an hour after the ebullition of the fpirit 
and falt of tartar was over, the thermofcope 
being removed out of the common water, 
where it had {tood immerfed, into the mixture, 
defcended about half an inch or more. Fry 
want of falt of tartar I could not begin the ex- 
periment anew, and fo am not fure it will a!- 
ways fuccced uniformly*. But yet to give my 
felt what further fatisfactien I could, by try- 
ing the fame experiment in fuch a way, as 
might difcover, whether or no the phenome- 
non did not depend upon, or require fome 
peculiar texture in the fixed faJt, that had 
been employed; [took fome alcali «made by 
diffolving pot-athes in fair water, and re- 
ducing them by coagulation to a white fals,) 
and pouring fpint cf vincya: to it, I found, 
that this mixcure did not, whit it hiffed, 
crow at all coder, but ratuer fomewhat 
warmer. And, for farther fatisfaction, im- 
merling into ic the ball of che newly men- 
tioned weather-glafs, J found, that it af 
cended in a thort time about an inch, and, 
being removed into the water, acicecded a- 
bout half an inch; and by making removes 
of it from one of thefe liquors into the cther, 
two or three times more, [ found, that the 
{pirit of wine did rife and fall, according to 
what has been newly oblerved, but its mo- 
tions upwards and downwards were burl leds 
than Leigvre, and more flow, 


* The Author's warinefs was not here amus, he having afterwards found, that tlisexperiment did rot clyays fuceced, 
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HE caufe of the faltnefs of the fea 

appears, by Ariffotle’s writings, to 

have bufied the curiofity of naturalifts 
before his time; fince which, his authority, 
perhaps, much more than his reafons, did, for 
divers ages, make the fchools, and the genera- 
lity of naturalifts, of his opinion, till towards 
the end of the laft century, and the beginning 
of ours, fome learned men took the boldnefs 
to queftion the common opinion ; fince when 
the controverfy has been kept on foot, and, for 
aught | know, will be fo, as long as it is argued 
on both fides but by dialectical arguments, 
which may be protable on both fides, but are 
not convincing on either. Wherefore, I fhall 
here briefly deliver fome particulars about the 
faltnefs of the fea, obtained by my own trials, 
where I was able; and where I was not, by 
the beft relations I could procure, efpecially 
from navigators. 

First then, whereas the Peripateticks do, 
after their mafter /riffotle, derive the faltnets 
of the fea from the aduftion of the water by 
the fun-beams, it has not been found, that I 
know of, that where no falt, or faline body, 
has been ciffolved in, or extracted by water 
expofed to the fun or cther heat, there has 
been any fuch faltnefs produced in It,-as to 
juftify the riftotelian opinion. This may be 
gathered, as to the operation of the fun, from 
the many lakes and ponds of frefh water to 
be met with, even in hot countries, where 
they le expofed to the a¢tion of the fun. 
And as for other heats, having out of curiofity 
diftilied off common water in large glals bodies 
and heads, till a'l the liquor was abftracted, 
without finding, at the bottom, the two or 
three thoufandth part, by my gueis, of falr, 
among a little white earthy fubftance, that 
ufually remained. And though i had found a 
lefs inconfidcrable quantity of falt, which, I 
doubt not, may be met with in fome waters, 
I fthould not have been apt to conclude it to 
have been generated cut of the water, by the 
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action of the fire, becaufe, I have, by feveral 
trials purpofely made, and elfewhere mention- 
ed, found, that in many places, (and I doubt 
not, but if I had farther tried, I fhould have 
found the fame in more) common water, be- 
fore ever it be expofed to the heat of the fun 
or other fire, has in it an eafily difcoverable 
faltnefs of the nature of common {falt, or fea- 
falt; which two I am not here follicitous to 
diftinguifh, becaufe of the affinity of their na- 
tures, and that in moft places the falt, eaten 
at table, is but fea-falt freed from its earthy 
and other heterogeneities, the abfence of which 
makes it more white than fea-falt is wont to 
be with us. Thefe laft words I add, becaufe 
credible navigators have informed me, that in 
fome countries, fea-falt, without any prepara- 
tion, coagulates very white; of which falt I 
have had, (from divers parts) and ufed fome 
parcels. 

But fome of the champions of Ariffotle’s 
Opinion are fo bold, as to alledge experience 
for it, vouching the teftimony of Scaliger to 
prove, that the fea taftes falter at the top, than 
at the bottom, where the water is afirmed to 
be frefh. But as for the authority of Scaliger, 
though I take him to be an acute writer, yet 
I confefs, that, for reafons elfewhere given, I 
do not allow it that veneration, which I find 
given it by very learned men; nor am I over 
prone, even as to matters of fact, to acquiefce 
in what he tells us, when he neither fignifies, 
that he delivers things upon his own expe- 
rience, or declares from what credible informa- 
tion from others he received them. 

Ir is true, that having often obferved, that 
fea-falt diffolyed in water is, upon the recefs of 
the fuperfluous liquor, wont to begin its con- 
cretion, not as moft other falts do, at either 
the lateral or lower parts of the veffel, but at 
the top of the water, I will not think it im- 
poffible, that fometimes in very hot climates, 
or weather, the fea may tafte more falt at the 
top, than at fome diftance beneath it. Bur 
confidering, how great a proportion of the falc 


common water 1s wont to be impregnated with, 
before 
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before it fuffers faline concretions to begin, and 
how far fhort of that proportion the falt con- 
tained in the fea-water its wont to be, in fo much, 
that about Holland, a Dutch geograpner or 
two have not found it to amount to the pro- 
portion of one to forty; and I in England 
found it to be no more than I fhall hereafter 
{pecify ; it feems not unlikely, that Scaliger’s * 
obfervation was well made, and it muft be 
very unlikely, that it fhould generally hold, if 
the faltnefs of the fuperficia] parts of the fea 
be compared with thac of the lower parts 
of it. 

Anp yet I do not build my opinion wholly 
upon this argument of fome modern philofo- 
phers, that falt being a heavier body than wa- 
ter, muft neceffarily communicate moft falt- 
nefs to the loweft parts. 

For though this argument be a probable 
one, yet water being a fiuid body, the reftlefs 
agitation of whoze corpufcles makes them, and 
the corpufcles they carry with them, perpe- 
tually fhift places, whereby the fame parts 
come to be fometimes at the top, and fome- 
times at the bottom ; this confideration, to- 
gether with what was lately noted of the pecu- 
liar difpofiticn of diffolved fea-falt, to begin 
its coagulation upon the furface of the water, 
may make the argument, we are confidering, 
fufpected not to be fo cogent, as at firit fight, 
one may think it, Which fufpicion I might 
fomewhat countenance by fubjoining, that in 
divers metals, and other tinéted folutions, I 
have not ufually obferved the upper part of 
the liquor, to be manifeftly deeper coloured 
than the lower; though, between metalline bo- 
dies, and their menftruums, the difproportion 
of {pecifick gravity, does ufually much exceed! 
that, which I have met with, between fea-falt 


and common water. 


CHAP. If. 

T is urged out of Linfchotten by a learned 

modern writer, that wanting frefh water 
near Goa (the Metropolis of the Portugals in 
the Eaft-Indies) they make their flaves fetch 
it, by diving, from the bottom of the fea; 
which feems a clear evincement of the per- 
patetick opinion. But in this obfervation, I 
cannot acquiefce, for two reafons: the onc, 
becaufe, that though what is alledgcd, as 
matter of fact, were ftrictly true, yet fo gene- 
ral a conclufion could not be fafely drawn from 
that particular inftance, fince in other parts of 
the fea, the contrary has been found by expe- 
rience, as I fhall fhew ere long. And other 
reafons than thofe given by the Peripateticks 
may be rendered of what happens at Goa, 
which reafons may extend to the like cafes, if 
elfewhere they fhall happen to be met with. 
For it may very well be, that fprings of frefh 
water may arife in fome parts of the furface of 
the earth, that are covered with the fea, as 
they do in innumerable vallies and other places 
of the terreftrial furface, that 1s not fo covered, 
Not to mention thofe fprings, that appear in 
divers places upon a low ebb, covered with the 


* See the third Se&tion, towards the latter end. 
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fea during the flood. The curious Hungarian + 
governor, that gives us an account of the won- 
derful waters, that cnnoble his country, relates, 
that in the river Vagus, that runs by the for- 
tre{s Galgotiuim, the veins of hot water fpring 
up in the bottom of the river itflf Negue 
in ripa tantnm, lays he, cruantur calide, fed 
eliom intra amnem, fi furrduin cus pedibus fuf- 
fodias; calent autem immodiceé, &c. Nay, I 
have been affured by more than our learned eye- 
witnefs, that there is a place upon the Nea- 
politan coaft, where they (and, I think, a wri- 
er or two of thofe parts) obferved the water 
to {pring up hot beneath the furface of the fea, 
indo much, that one of my relators thrufting 
in his hand and arm fomewhat deeper than was 


convenient, found there an offenfive degree of . 


heat. 

Bestpes, (which is my fecond conjecture) 
as to the particular cafe of Goa, L had the cu- 
riofity to enquire of a great traveller, and a 
man of letters, that lived in that city and the 
neighbouring places, and gave me a pertinent 
account of them, efpecially of that place, 
whence the frefh water is fetched by the divers, 
which his curiofity led him to vilit, snd take 
{pecial notice of; but I found by him, tat the 
divers do not now think it needful to fetch 
their frefh water fo low as from the bottom of 
the fea, and that, by the little depth, whence 
his and other men’s curiofity caufed it to be 
taken up, ke judged, it did not fo much come 
from any frefh water fprings, rifing at the bot- 
tom of the fea, as from a fmall river (whofe 
name I do not remember) that nor far from 
thence runs into the fea, with fuch a juncture 
of circumftances, that at the mentioned places, 
the frefh water does yet keep itfelf tolerably 
diftinét, and is not yet fo far made brackifh, 
as not to continue potable, though not very 
good. Which conjecture of his I could make 


probable, by what I have had from eminent 


and obferving men among our own navigators, 
touching the fliding of waters one over ano- 
ther, in fome parts of the fea, efpecially near 
the mouths of rivers. But the difcuffion cf 
this matter, and the particulars of the account 
given me of the fituation of the place, where 
water is dived for near Goa, would require 
more words, than they would in this place de- 
ferve, unleis the point under debate were 
more important to our prefent purpofe. 

I might here pretend to a clear demonftra- 
tion, by cxperience, of the contrary of what 
Scaliger delivers, by vouching the teftimony 
of the learned Patricius, who afhrms, that 
being upon the fea, which takes its denomi- 
nation from the ifland of Crete (now Candia, ) 
he did, in the company of a Venetian magi- 
ftrate, Aflocinigo, let down a veffel (furnifhed 
with a weight co fink it) to the bottom of the 
fea, where, by the help of a contrivance, it 
was unftopped, and filled with water there, 
which being drawn up, was found to be not 
frefh, but falt. This experiment, I fay, I 
could oppofe as a demonftration againft Sca- 
liger ; but though it be a very probable argu- 
ment, and more confiderable than any I te 
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fcen brought by the Peripateticks for their 
opinion, yet I confefs, it would be more fatis- 
factory to me, if it would not permit me to 
fufpect, that in the drawing up of the veffel 
through the falt water, though there had been 
frefh water taken in at the bottom, the tafte 
may have been altered by the fubingreffion of 
falt water, which being bulk for bulk heavier 
than frefh, would by its ponderoulnefs en- 
deavour to fink into the afcending veffel, and 
thereby more eafily expel part of the frefh 
water, and mingle with the reft. Wherefore, 
I thall confirm the faltnefs of the fea at the 
bottom by fome obiervations, that are not 
liable to the fame objections as that of Paérz- 
Cis. 

Yue firft is that of the perfon, whom I 
elfewhcre mention, to be able, by help of an 
engine, to ftay a confiderable time at the bot- 
tom of the fea; for of him I learned, among 
other things, that I defired to be informed of 
touching that place, that he found the water 
to have as falt a tafte there, as at the top. 

THE next obfervation I obtatned by means 
of a great traveller into the Eaf and iVejt- Indies, 
who having had the curiofity to vifit the fa- 
mous pearl-fifhing at Maar, near the great 
Cape of Comcri, anfwe:e i me, that he had the 
fame curiofity, that I expreffed to learn of the 
divers, whether they found the water falt at 
thé bottom of the fea, whence they fetch their 
pearl-fifhes? and that he was affured by them, 
that it was fo: and the fame perfon being 
afked by me about the faltnefs of the fea in a 
certain place under the Torrid Zone, which 
the relation cf a traveller inclined me to think 
to abound extraordinanly with falt, affirmed 
to me, that not uonlytne divers affured him, 
that the fea was there exceeding falt at the 
bottom, but brought up feveral hard lumps of 
falt from thence, whereof the Hfhermen, and 
othurs, were wont to make ufe to feafon their 
meat, as he himfelf alfo did; which yet I may 
afcribe not only to the plenty of falt already 
ciffolved in the watér, but to the greater in- 
difpofition, that fome forts of falts, whcreof 
this may be one, Have to be diffolved in that 
liquor. 

Yo thefe I fhall add this third obfervation : 


‘meeting with an inquifitive engincer, that had 


frecuented the fea, and had feveral opportuni- 
tics to make obfervations of other kinds in 
deep waters, I defired hitn, that he would 
take along with him a certain copper veffel of 
mine, furnithed with two valves opening up- 
wards, and let it down for me the next time 
he went to fea; on which occafion he told me, 
that, if I pleafed, I might fave myfelf the 
trouble of the intended trial, for, with a tin 
veficl, very little differing from that I defcribed 
unto him, he had had the curiofity, near the 
traigut of Grbraltar’s mouth, (where he had 
occuion to ttay a good while) to fetch up fea- 
Wat.r from the depth of about forty fathorn, 
ana fcund ic to be as falt in taite as the water 
near chs furiice. 

THESt obf-rvations may fuffice to fhew, 
that vie tea is fale at the bottom in thofe places 
where they were made; but yet I thought it 


was not fit four me to acquicfce in them, but 
rather endeavour to fatisfy myfelf, by the beft 
trial I could procure to be made with my cop- 
per vefiel, (as more ftrong and fit than a tin 
one, ) what faltnefs is to be found in the water 
at the bottom of our feas, not only, becaufe 
it may more concern: us to know that, but 
chiefly, becaufe, though I deny not, that in 
the fore-going obfervations the tafte may fuf- 
ficiently prove, that the fea is falt at the bot- 
tom as well as the top, yet I thought the tafte, 
by reafon of the predifpofitions, and other un- 
heeded affections, it is liable unto, no certain 
way to judge, whether the top and the bot- 
tom be as falt one as the other. Wherefore, 
I thought it would be more fatisfactory to ex- 
amine the fea-water by weight, than by tafte ; 
and in order thereunto, having delivered the 
above mentioned inftrument to the engineer 
I lately fpake of, when he was going to fea, 
he fent me, together with it, a couple of bot- 
tles of fea-water, taken up, the one at the top, 
and the other at the bottom, at fifteen farhoms 
deep. The colour, and fmell of thefe two 
waters were fomewhat differing ; but when [I 
examined them hydroftatically, by weighing a 
roll of brimftone firft in one, and then in the 
cther, I fcarce found any fenfible difference at 
all in their fpecifick gravities. So that if the 
degree of the faltnefs of fea-water may be fafe- 
ly determined by its greater or leffer weight, 
then fo far forth as this fingle experiment in- 
formcd me, the faltnefs is equal at the top and 
bottom of the fea: I faid, if the degree, &c. 
becaufe of what I fhall hereafter take notice 
of about falts of lefs fpecifick gravity than 
fea-falt. 
CH.A SP. Ul. 
T follows now, that I make out, what I 
formerly intimated, that though it were 
granted, that near Goa, and perhaps in fome 
other places, the divers may have found the 
water frefh at the bottom of the fea, it would 
not therefore neceffarily follow, that the fea- 
water, generally fpeaking, is frefh at the bot- 
tom; for the obfervations lately mentioned 
fuficiently manifeft the contrary: and as to 
thote very few places (if really there have been 
any) where the fea-water has been found frefh 
at the very bottom, I think one may afcribe 
the tafte of the water to the bubbling up of 
{fprings of frefh water, at, or near enough to 
thofe very places. I know this may appear a 
paradox, fince it may feem altogether unlikely, 
that fo {mall a ftream of water, as can be afford- 
ed by a fpring, fhould be able to force its way 
up in fpite of the refiftance of fo vaft a weight, 
as that of the fuper-incumbent fea-water, efpe- 
cially fince this liquor, by reafon of its faltnefs, 
is heavier in {pecie than trefh water. 

But this objection needs not oblige me to 
forfake my conjecture ; for whatever moft men 
believe, and even learned men have taught, to 
the contrary, it matters not how great the 
quantity of liquor be, which is laterally higher 
than the lower orifice of the pipe, or channel, 
that gives paflage to the liquor, that is to be 
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impelled-up into it; provided the upper fur- 
face of the liquor in the channel, or pipe, have 
a {uficient perpendicular height in reference to 
that of the ftagnant water; for no more of 
all this fluid will hinder its afcent, than the 
weight of fuch a pillar of the faid fluid, as is 
directly fuper-incumbent on it. * Stevinus, and 
J, have, by differing ways, particularly proved, 
that, accurding to the laws of the true hydro- 
{taticks, the prevalency of the two liquors, 
that prefs againft each other, is not to be de- 
termined according to the quantity of them, 
but to be adjudged to that, which exceeds the 
other in perpendicular height ; fo that, confi- 
dering the channel, wherein a {pring runs into 
the fea, as a long and inverted fyphon, if that 
part of the either neighbouring, or more dif- 
tant fhore, whence the fpring, or river, takes 
its courfe, be a neighbouring hill, or rock, or 
any other place coniiderably higher, than that 
part of the bottom of the fea, or of the fhore 
covered with the furface of the fea, at which 
the channel, which conveys frefh water, termi- 
nates, that liquor will iffue out in fpite of the 
refiftance of the ocean. 

To uluftrate at once, and prove this para- 
dox, I thought upon the following experiment. 
I took a veffel of a convenient depth, and a 
fyphon of a proportionable length, both. of 
them of glafs, that their tranfparency might 
permit us to fee all that paffed within them. 
Into the larger veffel we put a quanuty of fea- 
water, and into the longer Jeg of the iyphon, 
which had been for that purpofe inverted, we 
poured a convenient quantity of frefh water, 
which we kept from running out at the fhorter 
leg, hy ftoppinz the orifice of the longer with 
the thumb or nnger: then this fyphon being 
fo placed in the greater veffel, that the orifice 
of the fhorter leg was a great deai beneath the 
furface of the falc water, and the fuperficies oi 
the frefh water in the longer leg was a pretiy 
deal higher than that of the furrounding falt 
water, we unftopped the crifice of the upper 
leg, whereby the water in the fyphon, tending 
to reduce itfelf to an eequilibrium, or equality 
of height, in both legs, the water in the upper 
leg being much higher, and heavier, than that 
in the other, did, by fubfiding, drive away 
the water in the fhorter leg, and make it {pring 
out at the orifice of the fhorter leg, in fpite of 
the breadth, and fpecifick gravity of the falt 
water. And this impelling upwards of the 
frefh water lafted as long, as the furface of that 
water, in the longer leg, retained its due height 
above that of the furrounding fea-water; which 
circumftance I exprefsly mention, becaufe there 
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S to the caufe of the faltnefs of the fea, I 
therein agree with the learned Gaffendus, 
and fome other modern writers, that the fea 
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being a difference amounting to between a 
fortieth and fiftieth part, betwixt the fpecifick 
gravity of our fea water and common frefh 
water, by reafon of the falr, which makes the 
former the heavier, the frefh water, in the 
longer leg of the fyphon, ought to be between 
a fortieth and fiftieth part higher than the fur- 
face of the fea water, to maintain the zequili- 
brium betwixt thefe two liquors. 

To make the fore-mentioned experiment 
the more vifible, J thought fic to perform it 
with frefh water tinged with brafil, or log- 
woods; but that it might not be objected, that 
thereby the fpecifick gravity of the liquor 
would be altered, or increafed, [ afterwards 
chofe to make it with claret-wine, which be- 
ing a liquor Jighter than common water, and 
of a confpicuous colour, is very convenient for 
our purpofe. 

AwnpD when I made this trial, by placing the 
orifice of the fhorter leg at a convenient dif 
tance below the furface of the fea-water, it was 
not unpleafant to obferve, how, upon the re- 
moval of the finger, thar {topped the orifice 
of the longer leg, the quick defcent of the 
wine contained in that leg impelled the co- 
Joured liquor in the fherter leg, and made it 
{pring up, at its orifice, into the incumbent 
fea-water, in the form of little red clouds, and 
fometimes of very flender flreams. And as 
this fhorter leg of the lyphon was raifed more 
and more towards the furface of the water, fo 
there iffued out more and more wine at the ort- 
fice of it; the liquor in the longer leg pro- 
portionably fubfiding, but yet continuing ma- 
nifeftly higher than the furtace of the falt wa- 
ter, than which it was in fpecie much lighter. 


q But here I muft give an advertifement 
to prevent a miftake ; for if the fyphon be not 
exceeding flender, after the wine in the longer 
leg is fallen down to its due ftation, a heedful 
obi.rver may perceive, after a while, that 
though the fyphon be kept in the fame place, 
there will iffue out of the fhorter leg a little 
red ftream, which proceeds not from the for- 
mer impulfe of the wine in the longer leg, but 
from the ingrefs of the fea-water, which be- 
ing much heavier in fpecie than wine, finks in- 
to the cavity of the fyphon, and as it comes 
in on one fide, thrufts up as much wine on the 
other fide of the fame cavity. But the red 
liquor, that afcends on this account, may be 
difcerned to do fo, by its rifing more flowly, 
and after another manner, than that, which 3s 
impelled up by the fudden fall of the tall cy- 


linder of wine in the longer leg. 
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derives its faltnefs from the falt, that is diffol- 
ved init: but I take that faltnefs to be fup- 
plied, not only from rocks, and other maffes 
of falt, which at the beginning were, or in 
fome places may yet be found, either at the 


* Vid. Stevinum, Prop, 10. Lib. TV. Statices. And fee the author's Hydroftotical Paradoxes. 
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bottom of the fea, or at the fides, where the 
water can reach them, but alfo (to fay nothing 
here of what may, perhaps, be contributed by 
fubterraneal fteams) from the falt, which the 
rains, rivers, and other waters, diffolve in their 
paffage through divers parts of the earth, and 
at length carry along with them into the fea. 
For not only it is manifeft enough, that feve- 
ral countries afford divers falt fprings, and o- 
ther running waters, that at length terminate 
their courfe in the fea; but I have fometimes 
fufpected, that very frequently the earth itfelf 
is impregnated with corpufcles, or, at leaft, ru- 
diments of common falt, though no fuch thing 
be vulgarly taken notice of. Which fufpicion 
may be confimed (to omit what I have elfe- 
where delivered on another occafion) partly 
by the obfervation of fome eminent chemitts, 
who affirm themfelves to have found a not in- 
confiderable quantity of exceeding faline liquor 
upon the evaporation of large quantities of 
fome waters, (for in fome others I could not 
find it) and principally by the quantity of com- 
mon falt, that is ufually found tn the refining 
of falt-petre ; though that be a ifalt, which 
Sir Francis Bacon, and other experienced wri- 
ters, teach, that almoft every fat earth, kept 
from the fun and rain, and from {pending it- 
felf in vegetation, will afford. 

But having, on another occafion, fuffici- 
ently fhewed, - that the earth does abound 
with common falt, in many more places than 


are wont to be taken notice of ; and that it is 


probable, that by maturation, or otherwife, 
falt may daily grow in the earth, it will not be 


neceffary to add, in this place, any thing to 


what I have faid already to prove, that our com- 


mon terreftrial falt, being diffolved, may fuffice 


to make the fea-water brackifh ; and the rather, 
if we call to mind what has been formerly faid 
about the poflibility of {prings rifing beneath 
the furface of the fea, and of lumps of {alt, 
that were taken up by divers, undiffolved, at 
the bottom of the fea; the ocean may re- 
ceive fupplies of falt from rocks, and fprings 
Jatent in its own bofom, and unfeen even by 
philofophers. And this may be one reafon, I 


conceive, (for I deny not but that there may 


be others, as the very unequal heat of the fun, 
&c.) why fome feas are fo much falter than o- 
thers, or, at leaft, why in fome places the fea- 
water may be much falter than in others. 
AND as we have feen, that our common 
terreftrial falt may be copioufly enough com- 
municated to the fea, to impregnate it with as 
much faltnefs as we obferve it to have ; fo I 
do not fee, that the difference between that 
falt and fea-falt is fo great, but that it may 
well be fuppofed to be derived from thofe 
changes, that the terreftrial falt may be lable 
to, when it comes into the fea. For that the 
marine falt, and the terreftrial, do very well a- 
oree in the main things, may be argued from 
the refemblance both in fhape, tafte, &cc. that 
may be obferved between the grains, that will 
be produced, if we expofe each of them in a 
diftinct glafs to fuch a heat, as may flowly 
carry off the fuperfluous moifture, and fuffer 


them to coagulate into cubical, or almoft cu- 
bical grains: and the leffer differences, that 
may be met with between thefe two falts, may 
well enough be fuppofed producible by the 
plenty of nitrous, urinous, and other faline, to 
which, in fome places, may be added, bitu- 
minous bodies, that by land-floods, and other- 
wife, are from time to time carried into the 
fea, and by feveral things, that happen to it 
there, efpecially by the various agitation it is 
put into by tides, winds, currents, &c. and 
(which I would by no means omit) by tts be- 
ing in vaft quantittes expofed to the fun and 
air. 


CHAP. IL 


E, may juftly be the more careful to de- 
termine, whether the faltnefs of the 
fea-water proceed from common falt diffolved 
in it, betaufe if it appeared to be fo, we might 
the more hopefully attempt to obtain.by diftil- 
Jation fweet water from fea-water ; fince, if 
this liquor be made by the bare diffolution of 
common falt in the other, it is probable, that a 
feparation may be made of them, by fucha 
heat, as will eafily raife the aqueous parts of fea- 
water, without raifing the faline, whofe diftit 
lation requires a vehement heat, as chemifts 
well know to their coft. And fuch a method 
of feparating frefh water from that, which was 
falt, would make our do@trine of ufe, and be 
very beneficial to navigation, and confequently 
to mankind. For in long voyages, it is but 
too common for the makers of them, to be 
liable to hazards and inconveniencies, for 
want of frefh and {weet-water, whereby they 
are fometimes forced to drink corrupt brackifh 
water, which gives them divers difeafes, as par- 
ticularly the fcurvy, and the ufual effect of 
drinking falt-water, the dropfy. And fea- 
men are wont to receive fo many other incom- 
modities by the want of frefh water, that, to 
prevent or fupply it, they are oftentimes forced 
to change their courfe, and fail fome hundreds 
of miles to a coaft, not only out of their way, 
but unfafe in it felf, and perhaps more dange- 
rous, by being infefted by pirates, or in the 
hands of enemies or favage people ; by which 
means, they often lofe the benefit of their 
Monfouns, and much more eafily other winds, 
and frequently their voyage. And thefe are 
inconvemencies, which might be in good mea- 
fure prevented, if potable, and at leaft to- 
lerably wholefome water could be obtained by 
diftillation, in the midft of the fea it felf, to 
ferve the fea-men, tll they could be fupplied 
with naturally frefh water. To make fome 
trials of this, 1 remember I took fome Englifh 
fea-water, whence I was able to feparate be- 
twixt a thirtieth and fortieth part of dry falr; 
and having diftilled it in a glafs head and body, 
with a moderate fire, till a confiderable portion 
of it was drawn over, we could not difcern a- 
ny faltnefs in it by the tafte ; and befides that 
I found it {pecifically lighter than fuch water, as 
is daily drank by perfons of quality at London, 
Texpofed it to a more chemical examen, and 
did 
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did not by that find any thing of fea-falt in it, 
though I have at feveral times, by the fame 
way, manifeftly difcovered a faltnefs in in-land 
waters, that are drank obvioufly for {weet wa- 
ters. If I would have employeda ftronger 
heat, and veffels larger and Jower, or other- 
wife better contrived for copious diftillation, I 
migit in a fhorter time have obtained much 
more diftilled water ; but whether fuch liquors 
will be altogether fo wholefome, experience 
muft determine. Yet that fea-water diftilled 
even in no very artificial way, may be fo far 
wholefume, as not in hafte to be fenfibly no- 
xious, but at a pinch ufeful, ac leaft for a 
while, may be gathered from (what occurs to 
me fince the writing of the laft paper) the tef- 
timony of that famous navigatior, Sir KR. 
Hawkins, who commanded a fleet in the Indies 
for Queen Elizabeth. For he, in the judicious 
account he gav: the world of his voyage, 
wherein they were diftrefied, even in the ad- 
miral’s fhip, for want of frefh water, has this 
memorable paffage, as I find it verbatim in our 
diligent Purchas*. 

‘“ AtTHouUGH our frefh water had failed us 
«© many days (before we faw the fhore) by rea- 
‘© fon of our long navigation without touching 
«© any land, and the eveffive drinking of the 
“© fick and difeafed (which could not be excu- 
“« fed ;) yet with an invention I had in my fhip, 
“© T eafily drew out of the water of the fea fuf- 
“© ficient quantity of frefh water, to fuftain my 
‘6 people with little expence of fuel : for with 
“© four billets I itilled a hogfhead of water, and 
<¢ therewith dreifed meat for the fick and 
<< whole. The water fo diftilled we found to 
“© be wholefome and nourifhing.”’ 

Anpv becaufe the potablenefs of fea-water 
may cuncern the healths and lives of men, 
I fhall here add to what I elfewhere deliver a- 
bout my ways of examining,’ whether other 
waters participate of falt, two or three obfer- 
vations I made upon thofe few diftilled liquors, 
I had occafion to draw from fea-water. Having 
then upon fome of the diftilled liquor dropped 
a little oil of tartar per deliquium, I perceived 
no clouds at all, or precipitation to be made ; 
whereas a {mall proportion of that liquor being 
dropped into the undiftilled fea-water itfelf, it 


would prefently trouble and make it opacous, — 


and, though but flowly, ftrike down a confide- 
rable deal of a whitifh fubftance (which, of 
what nature it is, Ineed not here declare ;) | 
found alfo, that a very fmall proportion of an 
urinous fpirit, fuch as that of {al armoniac, 
would produce a whitifh and curled fubftance 
(but not near fo copious a one as the other li- 
quor) in fea-water, not yet expofed to diftilla- 
tion, but not in the liquor drawn from it: 
which argued, that there were but few or no 
faline particles of fea-falt afcended with the wa- 
ter: for elfe thefe alkalizate and urinous {alts 
would in all likelihood have found them out, 
and had a vifible operation on them. And | far- 
ther remember, that when the diftillation was 
made in glafs veffels, with an eafy fire, not on- 
ly the firft running, but the liquor, that came 
over afterwards, was not perceived to be 
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brackifh, but good and potable. To which ass-cs 
very well, that by a hydroftatical erial [ found 
our diftilled fea-water to be lighter in fpecie 
than common conduit water, though it cx 

ceeded that in fpecilick Icvity, lefs than it was 
furpaffed in the fame quality by diflilled rain- 
water. 

But to return to the fubject, whence we 
have fomewhat, but, I hope, not ufelefy, di- 
ereffed; I know it may be objected, that if 
the terreftrial falts carried by {prings, rivers, 
and land-ficods into the fta, were the caufe of 
its faline tafte, thofe waters themzIves mult be 
made falt by it, before they arrive at the fea. 
But befides that this objection will not reach 
the {prings and rivers of fale water, that in 
feveral places, either immediately or mediate- 
ly, difcharge themfelves into the fea; it might 
conclude againit him, that fhould affirm this 
imported faltnefs to be the only caufe of that 
of the fea; but ic will not be of force againft 
me, who take it to be only a partial caule, 
that by its acceffion contributes to the degree 
of faltnefs we obferve in the fea, where this 
imported falt may join itfelf with the fale it 
finds there already, and being detained by it 
contribute to the brinynefs of the water. 

Ir it be urged, that from hence it will fol- 
low, that the fea, from time to time, increafes 
in faltnefs, I may fuffend my anfwer, till ic 
appear by competent obfervation, that it docs 
not; which, I think, men have not yet made 
trials, that may warrant them to affert. And 
if the matter of fact were certain, I think it 
were poffible to give a farther anfwer, and 
fhew probable ways, how fo fmall an accetfion 
of falc may be difperfed by nature, and kept 
from increafing too much. 


CHAP IIL. 


U T now it is feafonable to confider, that 

the tafte of fea-water is not fuch a fimple 
faline tafte, as fpring-water would receive from 
fal gem, or fome other pure terreftrial falt, 
diffolved in it, but a bitterifh tafte, that muft 
be derived from fome peculiar caufe, that au- 
thors are not wont to take notice of. Iam 
not affured by any obfervations of my own, 
that this receffion, from a purely faline tafte, 
is likely to be of the very fame kind, and to 
be equally, or very near equally, met with in 
all feas; (not to add a doubt, whether it be 
at all fenfible in fome.) The caufe both of 
the bitternefs; and faltnefs too, of the fea- 
water, is faid to be affirmed by learned Mr. 
Lidyat, to be aduft, and bituminous exhalations 
afcending out of the earth into the fea. But 
that there is abundance of actual falt in the 
fea-water, to give it its faline tafte, and pon- 
deroufnefs, the falt, that the fun does in many 
places copioufly feparate from the faltlefs wa- 
terifh parts, fufficiently manifefts. But as to 
the bitrerifh tafte, I think ic no eafy matter to 
give atrue account of it, but am prone to 
afcribe it, partly, to the operation of fome 
catholick agents upon that vaft body of the 
ocean, and partly, to the alteration, that = 
iait 


* In lib. VII. p. 13978 of Purchas, out of Sir R. Hawhkins’s voyage. 
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falt receives fram the mixture of fome other 
thires, amone which bitumen may be one of 
the principal. . | 

Bur thacch I have, in another * paper 
fhewn, that in fome places of the fea there are 
confiderable quantities of bitumen, or bitumi- 
nous matter to be met with; yet I dare not 
derive the bitternefs of the fea only from bi- 
tuminous exhalations, but in good part, at 
leait, in fome places, from the liquid, and 
other bitumen, that is imported by {prings, 
and other waters, into the fea; of which we 
have an eminent inftance in that, which our 
Englith call Barbadoes tar, according to the re- 
Jation I had of it from an inquifitive gentleman, 
who is one of the chief planters of the ifland, 
and took plcafure to obferve this liquid bitumen 
to be carried in confiderable quantities from 
the recl:s into the fea; and I think it poffible 
enough, that fome of the fprings, that rife 
under the furface of the fea, may carry up 
with them bituminous matter, which may help 
to make the faltnefs of the fea degenerate, (of 
wi:ch more perhaps elfewhere ; ) as I not long 
fince made mention of {prings, as well of hot, 
as cold water, rifing beneath the furface of the 
fea. And this minds me to intimate here, 
that I have fufpected, that in fome places the 
fulphureous exhalations, and other emiffions 
from the fubmarine parts of the earth, may 
fometimes contribute to change the faline tafte 
of the fea-water: for I have elfewhere related, 
how, not only fulphurcus fteams, but fometimes 
a€tual flames, have broken through from the 
Jower parts of the fea to the uppermoft ; and 
have fomctimes taken pleafure to make, by 
art, a rude imitation of that phznomenon. 
And partly fome experiments of my own, and 
partly fome other inducements, have periuaded 
me, that divers times (for I do not fay al- 
ways ) fea-falt does not obicurely participate of 
combuftible fulphur, of which I may fpeak 
farther on another occafion. But in regard, 
that the tafte of the {ea-water 1s not in all parts 
of the ocean uniform, it may here fufhce to 
take notice in general, that this difference of 
tafte may partly be cauied by adventitious bo- 
dics of feveral kinds, of which it is probable, 
that, in differing places, the fea-water does va- 
rioufly partake. And not to mention here 
the fragrant {meil cf violets, which has, by 
{cveral, and particularly by an eminent per- 
fon, of whom [| enquired about it, been ob- 
ferved, in fome hot countries, to proceed from 
fea-falt ; I have divers other inducements to 
think, that it 1s ufually no fimple falt, nor free 
from mixture. For by more ways than one, 
and particularly by cchobating from it its own 
fpirit, we have obtained a dry fublimate, 
which feemed to be no pure, but a compound- 
ed body. 

Anp now to come to that, which I int- 
mated might be one of the cauies, why the 
taite of fca-water is not the fame with that of 
common falt, diffolved in frefh water; 1 fhall 
add, that I have fuipected, that the various 
mtion of the fea, and its being expofed to 
the action of the air and fun, may contribute 


* In the Tract of Subterraneal Menftruums. 


. 66 


to give it a tafte other than faline ; which fuf- 
picion might be confirmed, by the obfervation 
 ellewhere mention of the fea-falt, which, by 
barely being expofed for many months to the 
air, and fometimes perhaps put into a gentle a- 
gitation by a digeftive heat, I found to have 
a very maniteftly differing tafte from the fim- 
ple folution of {ea-falt in common water. 

IT might here endeavour the farther confir- 
mation of my difcourfe, by what 1 have learn- 
ed by enquiry from navigators, about the ma- 
nifettly differing colours, and other qualities, 
of the differing parts ef the fea, which feem 
to argue, that it is not every where of fuch a 
uniform fubftance as men vulgarly imagined, 
and that vaft traéts of it are imbued with ftu- 
pendous multitudes of adventitious corpufcles, 
which, by jeveral ways diverfifying its parts, 
keep it from being a fimple folution of falr. 
But of this fubject I have not leifure to difcourfe 
here; only becaufe it is generally thought, that 
the fea-water is, by reafon of the faltnefs it a- 
bounds with, uncapable of putrefaction, I 
will add, that having kept a pretty quantity of 
fea-water, that I had caufed to be purpofely 
taken up between the Englifh and French 
fhores, in a good new rundlet, in a place, where 
the fummer fun beat freely upon it, it did, in 
a few weeks, acquire a ftrongly ftinking fmell; 
though that the experiment had been more 
fatisfactory, I wifhed, that it had been made 
in a veffel of glafs, or earth, inftead of wood. 
But a much better obfervation I procured from 
a much efteemed navigator of my acquaint- 
ance, who having failed often in the Indian 
and African feas, I enquired of him, whether 
he had ever, in thofe hot climates, where the 
fea is fuppofed to be very falt, obferved it to 
fink, for want of agitation, or otherwife : to 
which he anfwered, that once being, though 
it was but in March, becalmed, in a place he 
named to me, for twelve or fourteen days, the 
fea, for want of motion, and by reafon of 
the heat, began to ftink, infoniuch that he 
thinks, if the calm had continued much lon- 
ger, the {tench would have poifoned him: 
they were freed from it as foon as the wind 
began to agitate the water, and broke the fu- 
perficies, which alfo drove away ftore of the 
{ea tortoifes, and a fort of fifh, whofe Enelifh 
name I know not, that before lay bafking 
themfelves on the top of the water. 

AnD to this agrees very wel] the notable 
obfervation, that I fince met with, of the elfe- 
where commended Sir R. Hawkins, who, a- 
mong other confiderable things he takes no 
tice of in his relations, has this paflage, to our 
prefent purpofe. +t ‘* Were it not for the 
*¢ moving of the fea by the force of winds, 
‘* tides, and currents, it would corrupt all the 
world. The experience I faw, anno 1590, 
lying with a fleet about the iflands of Azores, 
almoft fx months, the greateft part of the 
time we were becalmed ; with which all] the 
fea became {fo replenifhed with feveral forts 
of gellies, and forms of ferpents, adders, 
and {nakes, as feemed wonderful, fome 
sreen, fome black, fome yellow, fome white, 
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t fome of divers colours, and many of them 
‘¢ had life; and fome there were a yard and a 
¢ half, and two yards long ; which, had I not 
&¢ feen, I could hardly have believed. And 
«¢ hereof are witneffes all the company of the 
«¢ fhips, which were then prefent, fo that hard- 
«© ly a man could draw a bucket of water clear 
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“© of fome corruption. In which voyage, to- 


wards the end thereof, many of every fhip 
“¢ fell fick of this difeafe, and began to die 
apace, but that the fpeedy paffage into our 
country was a remedy to the crazed, and 


a prefervative for thofe, that were not 
“© touched.” 


The THIRD 


CHAP. I. 
F S for the various degrees of the faltnefs 
of the fea, authors are wont to be fi- 
lent of it, fave that fome navigators tell us, 
that they obferved fome feas to have a more, 
and others a lefs faline tafte,; which, you will 
eafily believe, has not afforded me much fatii- 
faction. And, on the other fide, my want of 
opportunity to make trials myfelf will confine 
me to acquaint you with no more than the few 
following obfervations. 

1. Lo a learned man, that was to fail to 
places of differing latitudes in the Torrid Zone, 
1 delivered a glafs inftrument, elfewhere de- 
{cribed, fitted by the greater or leffer emerfion 
of the upper part, to fhew, accurately enough 
for ufe, the greater, or lefs fpecifick gravity 
of the falt water it was put to fwimin. This 
he put, from time to time, into the fea-water, 
as he failed towards the Jnudies, whence he 
wrote me word, ‘ That he found, by the glafs, 
«< the fea-water to increafe in weight, the 
“© nearer he came to the line, till he arrived at 
*¢ a certain degree of latitude, as he remem- 
<¢ bers, it was about the thirtieth ; after which, 
<¢ the water feemed to retain the fame fpeci- 
“© fick gravity, till he came to the Barbadces, 
“ or Famaica. 

2. ANOTHER obfervation I obtained by en- 
quiry of an ingenious perfon, and a fcholar, at 
his return out of the Lafft-Indies, who afirm- 
ed to me, that he, and a gentleman of my ac- 
quaintance, took up bottles full of fea-water, 
both under the Equinoétial, and alfo off the 
Cape of good Hope, which lies in about thirty- 
four degrees of fouthern latitude, and found 
the waters of thefe diftant parts of the ocean 
to be of the fame weight. And though it may 
well be doubted, whether this obfervation, be- 
ing made with ordinary bottles, were fo exact 
as could be wifhed; yet the perfons being cu- 
rious, and making it for their own fatisfaction ; 
and my relator having, in both the recited 
places, filled with the fea-water he took up, and 
weighed; having, I fay, filled the fame bot- 
tles, fince this veffel held two quarts (which 
amuft be above four pounds of falt-water) if the 
difparity of weight had been confiderable, 1t 
would, in likelihood, have been found, at leaft 
manifeftly fenfible, in fuch a weight of liquor. 

. Enquirine of an obferving perfon, 
that had been at Mofambique, which is thought 
to be one of the hotteft places in the world, 
whether he did not there find the fea to be 
more than ordinarily falr? he anfwered me, 
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that coming thither in a great carack, when he 
came back from the town to the fhip, he ob- 
ferved near two hands breadth of the veffel to 
be above the ordinary part, to which it ufed 
to fink ; infomuch, that he took notice of it 
to the captain, as fearing, that part of the lading 
had been by ftealth carried to the fhore: but 
the pilot, who had made thirteen or fourteen 
voyages to the Indies, affured him, what he 
had obferved about the fhip, was not unufual 
in that place, where the tafte ittelf difcovered 
the water to be exceeding falt. 

Nor need we fcruple to think, that fome 
fea-waters may be very.much more impreeg- 
nated with fale than ours; for water will natu- 
rally diflolve, and retain a far greater propor- 
tion of falt, than that, which is commonly met 
with in the fea. For whereas a thirty-fifth, or 
thirtieth, or at moft a twenty-fifth part of fale, 
will make water more faline than is found in 
many feas, Iam, by a friend of mine, that is 
mafter of a falt work, informed, that the wa- 
ter of his fprings afford him a twelfth part of 
sood white falt, and that ancther fpring, not 
far off, yields no lefs than an eighth part. To 
which (to avoid anticipation) I fhall not here 
add, what I fhall hereafter have occafion to 
fay of the fulleft impregnation of water with 
common falt. 

[Wuitst I was reviewing theile papers, 
there came feafonably to my hands a letter 
written from Mufilapatan, cn the gulf of Bez- 
gala in the Eajft-Indies, by an ingenious gen- 
tleman, Sir William Lenghorn, that is entrutt- 
ed with the care of the Enelith factories in 
thofe parts ; out of which letter the following 
pafiage is verbatim tran{cribed. ‘‘ I did, in 
‘¢ order to your command, caufe fome water 
‘© to be faved under the line, at our firft ac- 
“¢ cefs to it, intending, for want of good fcales 
‘ and weights, (being none to be come at a- 
‘¢ board the fhip) to have kept it, until it could 
‘¢ be weighed, but by the forgetfulnefs of a 
<c fervant, it was thrown away. Ojif the Cape, 
“in 37d. oo m. fouthern latitude, 1 faved 
«¢ fome again, and, through the fame want of 
‘© weights, was fain to keep it, until I came to 
‘¢ the line again; and then made the beft fhift 
‘© T could for weights, and compared tc with 
‘¢ the water there, filling the fame bottle a- 
‘¢ gain to the fame height by a mark, and 
‘ found it exactly the fame weight. The 
“ weight I have taken; but accounting this 
“a journey of bufinefs, left thofe notcs, and 
‘ moft of the like nature, behind me; in my 
‘© next it fhall be inferted.””] 
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CHAP. It. 
‘T. remains now, that, according to my pro- 
mife, I fet down what I obferved my‘elf 
concerning the faltnefs of our fea between Eng- 
land and Irance ; not in Comparifon with the 
faltnefs of other feas, whofe waters I had not 
to compare with, but as to the proportion of 
falt contained in it to the water. And though 
one would think it very eafy to make trials of 
this fort, for a perfon not unacquainted with 
hydroftatical practices, nor‘ unfurnifhed with 
inftruments, yet, I confefs, that three or four 
trials that I made, not all of them the fame 
way, made me find it more difficult, than was 
imagined, to arrive at any thing of certainty in 
this enquiry. 

Tus you will eafily believe, if I annex the 
fubftance of fome experiments, that I remem- 
ber I made about the gravity of fea water, 
which { had ordered to be taken up, fome at 
the depth of about fifteen fathom fomewhat 
near our fhore, and fome in another place of 
the channel, between England and France. 

Tue fum of the firft experiment is this: 
we took a vial, fitted with a long and ftrait 
neck, purpofely made for fuch trials, and hav- 
ing counterpoifed it, filled it to a certain height 
with common conduit water: we noted the 
weight of that liquor, which being poured out, 
the vial was filled to the fame height with fea 
water, taken up at the furface, and by the dif- 
ference between the two weights, the fea water 
appeared to be about a forty: fifth part heavier 
than the other. 

THe fecond trial (which was for more ac- 
curately made hydroftatically,) I find regiftered 
to this efrect : We carefully counterpoifed in 
the feales, formerly made ufe of, a piece of 
fulphur in the upper fea-water, formerly men- 
tioned ; it weighed 7% + yr. x. and being 
alfo weighed in the fea water fetched from the 
bottom, gave us the fame weight Z 8 + gr.x.8 
which fhewed thofe two waters to be of the 
fame f{pecifick gravity: and then to compare 
this with the gravity of common water, we 
weighed the fame fulphur in common conduit- 
water, and found it 3, + g7.xv.& : by which 
it appeared, that the fea-water was but about a 
fity-third part heavier than this water: which 
is fch a difference from the proportion found 
out by the former way of trial, that I could 
not well imagine, what to attribute it to, unleds 
the fea-water by long ftanding in a. veffel, 
which, though covered, was expofed to the 
hot fun, may both have been rarified, and 
have had fome feparation made of its faline or 
other heavier parts, on which fcore that por- 
tion we took up for our trial, might appear 
lighter than elfe it would have done; or unlefs 
the experiment having been made in London, 
where great and fudden rains and other acci- 
dents will fometimes vifibly vary the confif- 
tence of common water, the liquor, I then 
employed without examining it, might be 
more ponderous at that time than at another. 
To which latter fufpicion I was the more in- 
clined, becaufe, having afterwards weighed 


the fame piece of fulphur by help of the fame 
balance in diftilled rain water, I found the 
weight of the former liquor to exceed that of 
the latter by’a good deal lefs than a thirty-fifth 
part 3. which feemed to make it probable, that 
if the water, wechanced to employ, had been 
free from all faline and other heavy particles, 
the difference formerly mentioned betwixt this 
obfervation and the foregoing would not have 
been near fo great as it was. 

THE laft way I made ufe of to examine the 
proportion betwixt fea-water and frefh, was 
chemical; whereof my regifter affords me 
this account. 

44 pound avoirdupoife weight of the upper 
fea-water was weighed out, and put into a head 
and body to be diftilled in a digeftive furnace 
ad ficcttatem; and the diftillation being leifurely 
made, the bottom of the glafs was almoft co- 
vered with fair grains of falt, fhot into cubi- 
cal figures, and more white than was expe¢t- 
ed: in the reft of the coagulated matter, we 
took: not notice of any determinate fhape. 
The falt being weighed, amounted to 78, a- 
verdupois, and gr. x. At which rate, the 
proportion of the falt to the water will be that 
of 30 and 2; to one, and fo will amount 
to near the thirtieth part ; which was fo much 
greater than the former ways of trial made 
us expect, that I know not, whether it may not 
be worth while to try, whether fuch a flow 
abftraction, as we employ of the fuperfluous wa- 
ter, and our doing it in clofe veffels, may not 
have afforded us more falt, than elfe we fhould 
have obtained. 

To this relation I find this note fubjoined : 
fufpecting, that there may have fomewhat elfe 
concurred to our finding fo great a proportion 
of falt, I fuffered that, which had been weighed, 
to continue a-while in the fcale, and foon per- 
ceived, that, according to my conjecture, that 
{cale began manifefty to preponderate, and 
that confequently fome of the unexpected 
weight of falt may be due to the moifture of 
the air, imbibed after the falt was taken out of 
the glafs, and laid by to be weighed: where- 
fore, caufing it to be very well heated and 
dried in a crucible, we found it to weigh Ziij. 
+ &. (that is 210 grains,) upon which account 
the proportion of fale contained in the water, 
vas a thirty-fixth part, and fomewhat above 
half of thofe parts, and to exprefs it in the 
neareft whole number, a thirty-feventh part. 

From whence this greater proportion of 
falt by diftillation, than our other trials invited 
us to expect, proceeded, feems not fo eafy to 
be determined ; unlefsit be fuppofed (as I have 
fomeiimes fufpected) that the operation the 
fea-water was expofed to in diftillation, made 
fome kind of change in it, other and greater 
than before-hand one would have looked for; 
and that, though the grains of falt we gained 
out of the fea-water, feemed to be dry before 
we weighed it, yet the faline corpufcles, upon 
their concreting into cubes, did fo intercept 
between them many fmall particles of water, 
as not to fuffer them to be driven away by a 
moderate warmth ; ‘and confequently fuch grains 
of falt may have upon. this account been lefs 
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pure and more ponderous than elfe they would 
have been. And I might here add, that I 
fometimes make a certain artificial falt, which, 
though being diffolved in water, it will fhoot 
into cryftals finely fhaped, and dry enough to 
be reducible into powder, yet coagulates wa- 
ter enough with it to make the water almoit, 
if not quite, as heavy again as before. And 
Ihave been affured by a very learned eye-wit- 
nefs, that there is a fort of fea-falt, which 
they bring to fome parts of Exgland, from the 
coult of Spain or Portugal, which being here 
diifolved, and reduced by purification and fil- 
tration toa much whiter falt, will yield by 
meafure fomewhat above two bufhels for one. 
But to fatisfy the fcruples and fufpicions I could 
fuggeft, would require more trials than I have 
now time or opportunity co make. What has 
been already delivered, may give at leaft as 
fcrupulous an account of the faltnefs of our 
Englifh fea-waters, as moft other experimen- 
ters would have thought it needful to give. 
And to make a determination with any cer- 
tainty about the degrees of the fea’s faltnefs in 
general, a great number of obfervations, made 
in different climates, and in diftant parts of the 
ocean, would be neceflary. 
CHAP. II. 

KNOW not, whether I may be fo indul- 

gent to my fufpicions, as to wifh, that ob- 
fervations were heedfully made, whether in 
the fame fea, and about the fame part of it, 
the waters be always equally falt? For, though 
that be ‘taken for granted, yet fince we have 
no good obfervations long fince made to filence 
the fufpicion, one may fufpect, that, at leaft 
in many places, the faltnefs of the fea may 
continually, though but very flowly, increale 
by the acceffion of thofe faline corpufcles, that 
are imported by falt-fprings, and thofe, which 
rivers and !and-floods do from time to time 
rob the earth of. And I fufpeét it to be not 
impoffible, that this, or that part of the fea, 
may be fometimes extraordinarily, and per- 
haps fuddenly, impregnated with an additional 
faltnefs from faline fteams plentifully afcending 
into it, from thofe fubterraneal fires, about 
which I have made it elfewhere probable, that 
they may burn beneath the Lotto: of the fea, 
and fometimes fend forth copious exhalations 
into it. But it may prove the more difficult 
to difcern this adventitious faltnefs, unlefs the 
tafte, as well as balance, be employed about it; 
becaufe the falt, that produces it, may be of 
fuch a nature, as to be much lighter in {pecie 
than common fea falt. And the mention of 
this leads me to give you here the advertife- 
ment I promifed you not long ago. 

Tuat though the weight of fea-water be 
as good a way asis yet employed (and better 
than fome others) to determine what fea-water 
does moft abound in falc; and though it be 
poffible, that in our fea, and perhaps, in al- 
moft all others, this way be not liable to any 
confiderable uncertainty ; yet I think it not 
impoffible, that it may fometimes deceive us, 
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efpecially in very hot regions ; becaufe I have 
obferved, that there may be volatile falts, 
which, though by reafon of their activity, 
they make fmart impreffions on the tonguc, 
and give the water imbued with them a ftrong 
faline tafte, yet they add very little, and much 
lefs than one would think, to its fpecifick gra- 
vity: as I have tried, by hydrottatically exa- 
mining diftilled liquors, abounding in volatile 
and urinous falts, fome of which I found very 
little heavier than common water, and con{e- 
quently nothing near fo much heavier, as they 
would have been made, if they had becn 
brought to fo fharp a tafte, by having nothing 
but common fea falt diffolved in them: fo 
that, if in any particular place, by any other 
way, or from the fteams of the earth beneath, 
fome of which, I elfewhere fhew, may be ve- 
ry analogous to thofe afforded by fal armo- 
niack) the fea fhould be copioufly impregnated 
with fuch kind of light falts, the fea-water 
may be much more falt to the taite, and yet 
be very little heavier; For confirmation of 
which I find among my notes, that weighing 
a fealed bubble of glafs, made hcavy by an 
included metal, firft in fpirit of fal armoniack, 
that tafted much ftronger than fea-water, it 
weighed il) + gr. 51 3, and weighing this 
fame body in fair water, it weighed but siij ++ 


gr. 45%; fo that notwithftanding, its great 


faltneis, the fpirit was lighter than cotn- 
mon water; though a good part of that com- 
parative levity may probably be afcribed to 
the liquor, wherein the faline particles fwarm, 
which, by diftillation, was grown more de- 
fecated and light, than common, though clean, 
water. 

But for a farther proof, we took a hard 
lump of fal armoniack; and though we could 
not weigh it in water, becaufe that would 
have diffolved part of it, yet by a way (I elfe- 
where teach) I found, that weighing in the. 
fame liquor this lump of fal armoniack, and a 
lump of good white fea falt, (brought me as a 
curlofity out of the Torrid Zone) the proportion 
of the latter to a bulk of the liquor equal to 
it, was fomething (though exceeding little) a- 
bove that of two and a quarter to one, and 
the proportion of fal armoniack to as much 
water, as was equal hkewife to it, did not abcve 
a centefm exceed that of one andz to one; 
which falls fo fhort of the other proportion, as 
may juftly feem ftrange, efpecially if it be con- 
fidered, that the factitious fal armoniack, the 
chemiufts generally ufe, and we employ, con- 
fifts in good part of fea falt, which abatcs 
much of the comparative levity it might have, 
if it were made up only of urinous and fuligi- 
nous falts, which were its other ingredients. 

Ir were jndifcreet for me to propofe any 
more fufpicions and trials fitted to clear them, 
unlefs I knew thofe 1 have already mention- 
ed would not pafs for extravagancies; and 
therefore, I fhall here difmifs the fubject of 
this traét of the faltnefS of the fea, but thar, 
fince I have been difcourfing of the degrees of 
it, it will not be impertinent to add, what is 
the greateft meafure of faltnefs, that I have 
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brought water to, without the help of external 
heat. On this occafion, I employed two dif- 
fering ways: the one was, by putting into a 
well-counterpoifed vial two ounces of com- 
mon-water, and then putting into it, well- 
dried and white, common falt, and fhaking 
them together, till the liquor would,whilft cold, 
diffolve no more: this liquor, thus glutted 
with falt, weighed 1150 grains, from which 
two ounces being deducted, the overplus of 
weight, arifing from the diffolved falt, amount- 
ed to 190 gr. fo that a parcel of falt will, 
without heat, be diffolved in about five times 
its weight, or very little more, of common 
water. By which proportion we made fo {trong 
a brine, that divers pieces of amber being 
purpofely let fall into, emerged, and floated 
on it. The other and better way, yet more 
tedious, that we made ufe of, was to let fea- 
falt run per deliquium, (as the chemifts fpeak) 
that is, to fet it in fome moift place, till it was 
diffolved by the aqueous vapours, that fwim in 
the air. In this liquor we weighed a piece of 
fulphur, which we alfo weighed in fea-water, 


wherein, finding it to weigh much more than 
in the former liquor, it appeared, that the fea- 
water was, in fpecie, much lighter than the 
other; though how much their gravities dif 
fered, I cannot find among my notes, nor be 
informed by my memory. 

Awp becaufe I have not, in any author, 
inet with the proportion of fea-falt to water 
of the fame bulk, nor perceive, that hydro- 
ftaticians themfelves have yet attemped any 
way to inveftigate it, (probably deterred by 
the eafy diffolublenefs of falt in water, ) I fhall here 
fubjoin, that by the help of an expedient, I 
have elfewhere taught, I have exantined a hard 
dry lump of fea-falt, and found its proportion 
in weight, to common water of the fame bulk, 
to be almoft as 2 to 1, (for it exceeded the 
ratio of t ws to 1.) And, I remember, | 
found the fpecifick weight of a hard and 
figured lump of fal gem. (which fort of fale 
I fuppofe to be fomewhat more pure and pon- 
derous than fea-falt) to be to that of water 
(very near) as 2 @ tor. 
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Relations about the Bottom of the SEA. 


ILE prefence of the air is not only fo 
| neceffary to the life of many forts of 
animals, but it hath likewife fo great 
a ftroke in the growth of vegetables, efpecially 
of the larger forts, that, after what I had ex- 
perimented about thefe matters, (of which this 
is not the proper place to give an account) I 
thought fit to make enquiry about the vegeta- 
tion and growth of plants of confiderable bulk, 
in thofe fubmarine regions, where, if there 
crow any, they muft do it remote from the 
free contact of an ambient air. And having not 
now the leifure to repeat what botanifts (of 
whofe books ] am not now provided) deliver 
about leffer plants growing under water, I fhall 
now only prefent you with what information I 
could procure from navigators, about trees and 
fruits growing at the bottom of the fea. 

To what I have elfewhere had occafion to 
fay to their opinion, that will not allow coral 
to be really a ftony plant, but a livelefs con- 
crete, that is always hard and brittle under wa- 
ter; I fhall now add, that, enquiring latcly of 
an eminent and inquifitrve perfon, that had 
fpent fome time upon the coait of Africa, 
where he had been prefent at the fifhing of 
coral, and learning from his anfwer, that he had 
feen it not far from Algiers; I afked him, 
whether he had himfelf obferved the coral to 
be foft, and not red, when it was newly 
brought from the bottom of the fea. To 
which he replied, that he had found it foft and 


flexible ; and that, as for the colour, it was for 
the moft part very pale, but with an eye of 
red, the bark being worfe coloured than the 
fubftance it covered was; but when the bark 
was taken off, and the other part expofed to 
the air, the expected rednefs of the coral dif 
clofed itfelf. 

Wuewn I demanded, whether he had ob- 
ferved, that any inky fap afcended to nourifh 
the ftony plant? and whether he had fcen any 
thing like berries upon it? he ingentioufly con- 
feffed to me, he had not been {fo curious, as 
purpofely to make enquiry into thofe particu- 
Jars; but that he remembered, that having 
broken fome of the large pieces of coral, he 
took notice, that the more internal fubftance 
was much paler than the other, and very 
whitifh ; and that at the extream parts of fome 
branches, or fprigs, he obferved little blackifh 
knobs, which he did not then know what to 
make of : and when I enquired, what depth 
the fea was of in that place? he anfwered, 
that it was nine or ten fathom. But as to the 
fruit of fome kinds of coral, if I do not much 
mif-remember, I was, not long fince, affured 
by a fcholar, that navigated much in the eaft, 
that they divers times meet with in thofe feas 
a certain fort of coral, but not white, which 
bears a fmall fruit like a round berry, of a 
pleafant colour, and efteemed as rarities. 

Discoursinc witha perfon, that made di- 
ving his trade, whether he had not met with 


any 
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any trees or fruit in the depths of the fea? he 
told me, that in a great fhip, whereinto he 
defcended, to recover thence fome fhipwrecked 
goods, he was furprized to find in feveral places 
a certain fort of fruit, that he knew not what 
to make of, for he found them of a flimy 
and foft confiftence, about the bignefs of apples, 
but not fo round in fhape; and when he 
brought them up into the air, as he did many 
of them, they foon- began to fhrink up like 
old rotten apples, but were much harder, and 
more fhrivelled. And it is remarkable, that 
this happened in a cold northern fea. 

Own £, that made a confiderable ftay about 
WManar, a place I have oftcn mentioned, an- 
fwered me, that he learned from the divers, 
that in fome places thereabouts there grows at 
the bottom pretty ftore of a certain fort of 
trees, bearing leaves almoft like thofe of laurel, 
as alfo a. certain fruit; but of what virtue, or 
other ufe, he had not the curiofity to en- 
quire. 

I was alfo informed by an eye-witnefs, that 
near the famous coaft of AZofambique in Africa, 
there grows at the bottom of the fea ftore of 
trees, that bear a certain fruit, which he de- 
{cribes to be very like that, which, in America, 
they are wont to call Acayu, the leaves alfo re- 
' fembling thofe of that tree. 

But the beft welcomett information I could 
procure about fubmarine plants, isthat, which 
concerns the famous Maldivian nut, or Cocoa, 
which is fo highly efteemed in the eaft, that 
fome write, it is a great prefent from one king 
to another, and even much extolled in Enrope 
by experienced phyficians: for the origin of 
this dear drug is almoft as much converted, as 
the alexiterial virtues are extolled. Having 
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then once the good fortune to meet with a 
man of letters; that had refided in thote unfre- 

uented iflands, I found he‘had been as inqui- 
itive, as I could reafonably expect, about 
thefe admired productions of the fea, and thac 
he had often learned from the divers, that 
they are real nuts, or-fruits, borne by a fort of 
coega-trees, that grow at the bottom. of the fea, 
and are thence, either torn off, by the agitation 
of the water, or gathered by the divers. 
Thefe fruits are fmaller than moft other forts 
of cocoa’s, whofe maturity they do hot feem 
to arrive ar. He thinks, the {pecies may have 
been vety differing from what it is, and’ may 
have come from nuts fallen into the fea, to- 
gether with the ruin of fome little iflands un- 


.derrnined by the water, and fo fubmerged ; 


of which -he told mé, he faw; at leaft, three 
or four inftances during his ftay there. He 
told me, that whilft the fruic was under wa- 
ter, they obferved no diftinct fhell and kernel, 
but the entire nut was fo foft, that it may eafi- 
ly enough cut with a knife, and was eaten 
like their other fruits; but being kept about 
a week in the hot air, it grows folid,; and fo 
hard, as to require good ftee! tocls to work up- 
on it. He added, that though, even upon 
the place, the fairer fort be of very great 
efteem, yet not of any fuch prodigious price, 
as is given out, And he prefented me one 
about the bignefs of a large egg, and a frag- 
ment of another, which are both very hard ; 
but as fog their virtues, I can yet fay nothing 
upon trial, for want of having had ntting op- 
portunities, | 

OTHER obfervations made at the. bottom 
of the fea may hereafter follow. 
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PARADOX 


NATURAL AND PRETERNATURAL STATE 


OF 


B O DIES 


Efpecially of the AIR. 


even in inanimate bodies, of which alone 

I here difcourfe, men have univerfally ad- 
mitted the famous diftin€tion between the na- 
tural and preternatural, or violent ftate of bo- 
dies, and do daily, without the leaft {cruple, 
found upon it hypothefes and ratiocinations, as 
if it were moft certain, that, what they call 
nature, had purpofely framed bodies in fuch a 
determinate ftate, and were always watchful, 
that they fhould not by any external violence 
be put out of it. 

But notwithftanding fo general a confent 
of men in this point, I confefs, I cannot yet 
be fatisfied about if in the fenfe wherein it is 
wont tobetaken. It is not, thatI believe, that 
there is no fenfe, in which, or in the account 
upon which, a body may be faid to be in its 
natural ftate; but that I think the common 
diftin@ion of a natural and violent ftate of bo- 
dies has not been clearly explained, and confi- 
derately fettled, and both is not well ground- 
ed, and is oftentimes ill applied. For, when 
I confider, that whatever ftate a body be put 
into, or kept in, it obtains or retains that ftate, 
according to the catholick laws of nature, I 
cannot think it fit to deny, that in this fenfe 
the body propofed is in a natural ftate; but 
then, upon the fame ground it will be- hard to 
deny, but that thofe bodies, which are faid to 
be in a violent ftate, may alfo be ina natural 
one, fince the violence, they are prefumed to 
fulfer from outward agents, is likewife exer- 
cifed no otherwife than according to the efta- 
blifhed laws of univerfal nature. It is true, 
that when men look upon a body as in a pre- 
ternatural ftate, they have an idea of it dif- 
fering from that, which they had whilft they 
believed it to be in a natural ftate : but perhaps 
this difference arifes chiefly from hence, that 
they do not confider the condition of the bo- 
dy, as it refults from the catholic laws fettled 
among things corporeal, and relates to the uni- 
verfe, but eftimate it with reference to what 
they fuppofe is convenient, or inconvenient, for 
the particular body it felf. But however it 
feems to me, that men’s determining a body 
to be in a natural or preternatural ftate has much 
more in it, either of cafual, or of arbitrary, 


| KNOW, that not only in living, but 


or both, than they are aware of. For often- 
times we think a body to be brought into a 
violent ftate, not becaufe really the former was 
not fo, but becaufe there is a notable change 
made in it by fome agent, which we alfo take 
notice of ; whereas before the action of that 
agent, if the body were under any violence, 
it was exercifed by ufual, but often immani- 
feft agents, though perhaps their compulfion 
were not lefs, but only lefs heeded. And 


fometimes alfo no more is to be underftood. 


by a body’s being forced from its natural ftate, 
than that it has loft that, which it had imme- 
diately, or a pretty while before fome notable 
change. Which conjectures I fhall now endea- 
vour to confirm, but with great brevity. 

I have already fhewn, that matter being 
devoid of fenfe and appetite, cannot be truly 
and properly faid to affect one ftate or condi- 
tion more than another, and confequently has 
no true defire to continue in any one ftate, or 
to recover it when once loft’; and inanimate 
bodies are fuch, and in fuch a ftate, not as the 
material parts they confift of, elected or de- 
fired to make them, but as the natural agents, 
that brought together and ranged thofe paits, 
actually made them. Asa piece of wax is 
unconcerned, whether you give it the fhape of 
afphere, ora cone, ora pillar, ora boat; and 
whether, when it has that form, you change it 
into any other ; the matter ftill retaining with- 
out willingnefs or unwillingnefs, becaufe with- 
out perception, that figure, or ftate, which the 
laft aétion of the agents (your fingers or inftru- 
ments) determined it to, and left it in. 

But this will be beft underftood, as well as 
confirmed, by particularexamples. Ineed not 
tell you, that the moft ufual inftance alledged 
to fhew, that a ftate is natural to a body, and 
that being put out of it by external caufes it 
will upon the ceffation of their violence be re- 
{tored thereunto, is, that water being heated 
by the fire, as foon as that adventitious heat 
vanifhes, returns to its native coldnefs ; and fo 
when, by an excefs of cold, it is congealed in- 
to ice, 1tdoes upon a thaw lofe that preterna- 


tural hardnefs, and recover the fluidity, that. 


naturally belongs to it: and the fame may be 
likewife faid of butter, which, being melted 


by 


. 
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by external heat into a liquor, does upon the 
ceffation of that heat grow a confiftent body 
again. But perhaps thefe inftances will rather 
countenance our paradox than difprove it. For 
as to the coldnefs, whereto water heated by the 
fire returns, when it is removed thence, it may 
be faid, that the acquired heat confifting but 
in the various and brifk agitation of the cor- 
pufcles of the water by an external agent, it 
need be no wonder, that when that agent 
ceafes to operate, the effect of its operation 
fhould ceafe too, and the water be Jeft in its 
former condition, whether we fuppofe it to 
have been heated by the actual pervation of 
the corpufcles of the fire, which muft by de- 
erees, fly away into the air ; or that the heat 
proceeds from an agitation imparted by the 
fire to the aqueous corpufcles, which mutt, 
by degrees, lofe that new agitation, by com- 
municating it little by little to the contigu- 
ous airand veffel ; fo that, if the former agi- 
tation of the particles of the water were, as 
is ufual, much more languid than that of our 
organs of feeling, in which faintnefs of mo- 
tion the coldnefs of water confifted, there will 
be no need of any pofitive internal form, or 


any care of nature to account for the water’s: 


erowing cold again. This will beconfirmed by 
the confideration of what happens to ice, which 
is {aid to be.water brought into a preternatural ftate 
by an excefsof cold. For Idoubt, it will not 
be eafily demonftrated, that in reference to the 
nature of things, and not to our arbitrary ideas 
of them, ice is water preternaturally hardenedby 
cold, and not water ice preternaturally thawed 
by heat. For if you urge, that ice left to it 
felf will, when the frigorific agents are re- 
moved, return to water; I] fhall readily an- 
fwer, that, not to mention the {now and ice, 
that lies all the fummer long unthawed upon 


the tops of the Alps and other high moun-- 


tains, I have learned, by enquiry purpolely 
made, from a doctor of phyfick, who for di- 
vers years gegie in Mujfcovy, that in fome 
parts of Siberia (a large province belonging 
to the Ruffian emperor) the furface of the 
ground continues more months of the year 
frozen, by what is called the natural tempera- 
ture of the climate, than thawed by the heat 
of the fun ; and that a little beneath the furface 
of the ground, the water, that chances to be 
lodged in the cavities of the foil, continues 
frozen all the year; fo that, when in the heat 
of fummer the fields are covered with corn, if 
then you dig a foot or two, perhaps lefs, you 
fhall eafily find ice and a frozen foil: fo that a 
man born and bred in the inland part of that 
country, and informed only by his own obfer- 
vation, may probably look upon water as ice 
violently melted by that celeftial fire, the fun, 
whofe heat is there fo vehement in their fhort 
fummer, as to ripen their harveft in lefs time 
than in our temperate climates will eafily be 
credited. 


On the other fide, we in England look upon. 


melted butter, as brought into a violent ftate 
by the operation of the fire, and therefore 
think, that when being removed from the fire 
it becomes a confiftent body again, it has but 
recovered its native conftitution. Whereas 


there are divers parts of the Eaf Indies, and, I 
doubt not, of other hot countries, whofe in- 
habitants, if they fhould fee confiftent butter 
(as fometimes by the care and induftry of thé 
Europeans they may do) they would think ir 
to be brought to a preternatural ftate, by fome 
artificial way of refrigeration. For in thofe 
parts of the Indies I fpeak of, (though not in 
all others) the conftant temper of the air being 
capable to entertain as much of agitation as 
fuffices for fluidity in the parts of what, in our 
climate, would be butter, it would be in vain to 
expect, that, by being left to it felf in the arr, 
it fhould become a confiftent body. And I 
have learned by diligent enquiry of fea-men 
and travellers, both Enelifh and others, that 
were eye-witneffes of what they told me, that; 
in divers parts of thofe hot regions, butter, un- 
lefs by the Europeans, or their difciples, purpofe- 
ly made in the cold, is all the year fluid, and 
fold, or difpenfed, not as confiftent bodies, by 
weight, but as liquors, by meafure. To 
{trengthen this obfervation, I fhall add, what 
was affirmed to me by a learned man, that 
practifed phyfick in the warmer parts of Ame- 
rica, namely, that he met in fome places with 
feveral drugs, which, though they there feem 
to be balfoms, as turpentine, &c. are with us, 
and retained that confiftence in thofe climates ; 
yet, when they come into our colder regions; 
harden into gums, and continue fuch both win- 
ter and fummier. On the other fide, enquir- 
ing alfo of a traveller, verfed in phyfical 
things, about the effects of great heat in the 
inland parts of Africa, where he had lately 
been ; he told me, among other things, that 
raifin of jalap, which, when he carried it out 
of Eugland, was of aconfiftence, not only dry, 
but brittle, did, when, and a while before, he 
came to Morocco, melt into a fubftance like 
turpentine ; fo that fome of it, that he had 


made up into pills, would no more at all retain 


that fhape, but remain, as it were, melted all 
the while he ftayed in that city, and the neigh- 
bouring country, though when he came back 
to the borders of Spam, it returned to its for- 
merconfiftence. Which I the lefs wondered at, 
becaufe, having had the curiofity to confider 
fome parcels of gum lacca, (of which fealing- 
wax is made) newly brought afhore from the 
Eaft Indies, though it be a hard’and folid gum, 
yet I found by feveral inftances; that, paffing 
through the Torrid Zone, divers pieces of it, 
notwithftanding the fhelter afforded it by the 
creat fhip it came in, had been, by the heat 
of the climate, melted, and made to {tick to- 
gether, though afterwards they regained their 
former confiftence, though not altogether their 
former colour. 
add, that I learned by enquiry from a particu 
lar acquaintance of mine, who brought me di- 
vers rarities out of America, that having at the 
place, where it was made, among other things, 
furnifhed himfelf with a quantity of the beft 
aloes, he obferved, that whilft he failed through 
very hot climates, it was fo foft, that, like li- 
quid pitch, it would often have fallen out of 
the wide-mouthed veffel he kept it in, if he 
had not from time to time been careful to pre- 
vent it. But when hecame within a hundred 

leagues 
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And on this occafion J fhall : 
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leaguesof the coaft of England, it grew hard, 
and fo continued, though this were in a very 
warm feafen of the year, being about the 
dog-days. 

For further confirmation of what has been 
hitherto difcourfed, be pleafed to confider with 
me that moft obvious body the air, or the at- 
mofphere we live and breathe in. For though 
feveral opinions and argumentations are found- 
ed upon what their authors call the natural and 

reternatural or violent ftate of the air, yet he, 
that confiders, fhal] find it no eafy thing to de- 
termine, what ftate of the air ought to be re- 
puted its truly natural ftate, unlefs in the fenfe 
{ formerly told you I employ that expreffion in. 
J will not infift on the heat and coldnefs of the 
air; for that being manifeftly very differing in 
the heart of winter, and in the heat of fum- 
mer, and in differing regions of the air, as at 
the topand bottom of high mountains, at the 
fame time, and conftantly in differing regions 
of the earth, as in Barbary and Greenland, it 
will not be fo eafy to determine, what {tate is 
natural to the air. But thatonly, which I fhall 
now confider, is its {tate or tone in reference to 
rarity and denfity. For fince the air is believed 
to be condenfed by cold, and expanded by 
heat, I demand, at what time of the year, 
and in what country, the air fhall be reputed 
to be in its natural {tate ? For if you name any 
one time,as the winter or the fummer, I will afk, 
why that muft be the ftandard of the tone of 
the air rather than another feafon, or at leaft ex- 
clufively to all others ? And the like difficulty 
may be made about the climate or the place. 
And thefe fcruples are the more allowable to 
be propofed, becaufe learned men have deli- 
vered, that in fome countries the mercury in 
the Torricellian experiment is kept higher than 
in others, (as in Sweden than in Italy, ) and our 
barofcopes inform us, that oftentimes, in the 
fame place and day, the quick-filver in the 
fame inftrument does confiderably vary its 
height ; which fhews, that the air or atmo- 
fphere muft necefflarily vary its weight, and 
therefore probably its degree of rarity or den- 
fity. 
But J have yet to propofe a further confi- 
deration in this affair: For what if it fhall ap- 
pear, that neither in winter nor in fummer, in 
Sweden or in Jtaly, or in whatever country, re- 
gion, or feafon ycu pleafe, the air we breathe 
in is in any other than a preternatural ftate ? 
nay, that even when we have vehemently agi- 
tated and expanded it by an intenfe heat of the 
fire, it is not yet violently rarified, but yet vio- 
Jently conftipated, untefs, in our fenfe before de- 
clared, you underftand with me the preter- 
natural ftate of rarefaction in the air, in refe- 
rence to the tone it had before the laft notable 
change was produced init. ‘This will, I quef- 
tion not, feem a furprizing, if not a wild, pa- 
radox: but yet to make it probable, I thall 
only defire you to reflect upon two or three of 
my phyfico-mechanical experiments ; and there 
you will fee, firft, that the air.being a body 
abounding with f{pringy particles, not devoid of 
gravity, the inferior muft be compreffed by 
the weight of all the incumbent. And next, 
that this. compreffion is fo great, that though 


by the heat of the fire neither others, nor we, 
could bring a portion of included air to be ex- 
panded to above fourfcore times its former 
{pace ; yet without heat, by barely taking off 
the preifure of the fuperior air, by the help of 
our pneumatical engine, the air was rarified 
more than twice as much: and fince thofe ex- 
periments were publifhed, I more than once 
rarified it to above five hundred times its ufual 
dimenfions ; fo that, if, according to what is 
generally agreed on and taught, a body be then 
ina preternatural ftate, when, by an external force, 
itis kept in a condition, from which it incef- 
fantly tends to get free ; and if itbe then moft 
near its natural ftate, when it has the moft prof- 
peroufly endeavoured to free it felf from exter- 
nal force, and comply with its never ceafing 
tendency ; if this be fo, I fay, then the air we 
live in is conftantly in a preternatural ftate of 
compreffion by external force. And when it 
is moft of all rarified by the fire, or by our en- 
gine, its {pring having then far more conveni- 
ency than before to difplay themfelves, which 
they continually tend to do, it anfwerably ap- 
proaches to its natural ftate, which is to be yet 
lefs compreffed or not at all. And I have care- 


‘fully tried, for many months together, that 


when the air has been rarified much ‘more than 
even a vehement heat will bring it to be, yet 
if it were fenced from the preffure of the exter- 
nal air, it would not fhrink to its former di- 
menfions, as if it had been put into a violent 
ftate, from whence nature would reduce it to 
them, but continued in that great and feem- 
ingly preternatural degree of extenfion, as 
long as I had occafion to obferve it. One 
might here fhew, that this odd conftitu- 
tion of the air is fo expedient, if not ne- 
ceffary for the motion, refpiration, and o- 
ther ufes of animals, and in particular of 
men, that the providence and goodnefs of 
the wife author of the univerfe is thereby 
fionally declared; if it were not improper, 
in fuch a paper as this, to employ final caufes. 
Wherefore, to avoid the imputation of imper- 
tinence, I will conclude, by taking notice, that, 
from what has been delivered, we may learn 
two things conficderable enough, if not in them- 
felves, yet to -fome paffages of the treatife, 
whereof this paper makes a part. And firft, 
we may deduce from what has been faid of 
the air, that, according to what is noted above, 
that may fometimes generally be granted, and 
believed to be the natural ftate of a body, not 
which it really affects to be in, or (to {peak 
more properly) has a tendency to attain, but 
that which it is brought into, and kept in by 
the action, or refiftance of neighbouring bo- 
dies, or by fuch a concourfe of agents and 
caufes, as will not fuffer it to pafS into another 
ftate, And the fecond thing we may hence 
learn, is, that whatever men fay of nature’s 
never miffing her aim, and that nothing vio- 
lent is durable ; yet, bating an inconfiderable 
portion of aerial particles at the upper furface,: 
for aught we know, the whole mafs of the air 
we live in, and which invirons the whole ter- 
raqueous plobe, has been, from the world’s be- 
ginning, and will be to its end, kept in a ftate 
of violent comprefiion. 
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In aLETTER to H. Otpensurc, Efg; Secretary to the 
ROYAL SOCIETY. 


SIR, 


HOUGH I writ to you from Stan- 
ton, an account of thofe hygrofcopes, 
whereof I now prefent you one ; yet 

fince I remember, that it was in the year 1665, 
that I fent you that paper, I fear you may, by 
this time, have forgotten much of what it con- 
tained, and thereby made it fit for me, in this 
letter, both to remind you of fome former paf 
fages, and to add fome obfervations, that lately 
occurred to me; and this the rather, becaufe 
Ido not prefent you with this trifle, merely to 
gratify your curiofity, but that you, and fome 
of your ingenious friends, may, by your re- 
marks, help me to difcover, to what inconveni- 
ences our inftrument is liable, how far they may 
be avoided, or leffened, or what the ufes, or 
advantages, of it may be, notwithftanding its 
inevitable inconveniences, or imperfections. 
Havine had occafion, amongft other fub- 
jects relating to the air, to confider its moifture, 
and its drynefs, I eafily difcerned, that they had 
no {mall influence upon divers bodies, and, a- 
mong the reft, upon thofe of men, as the am- 
bient air we breath in, either paffes from one of 
thofe qualities to the other, or even from one 
degree to the other, in the fame quality. 
WHEREFORE, I began to caft about, 
fomewhat follicitoufly, for a way, that might, 
better than any [ had yet tried, or elfewhere 
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inet with, difcover the changes of the air, as 
to moifture and drynefs, and the degrees of ei- 
ther quality. For which purpofe, it feemed 
to me, that if a ftatical hygrofcope could be 
had, it would be very convenient, in regard 
of its fitnefs, both to determine the degrees of 
the moifture, or drynefs of the air, and to 
tran{mit the obfervations made of them to 
others. Whereupon, confidering further, that 
among bodies, otherwife well qualified for fuch 
a purpofe, that was likelieft to give the fen- 
fibleft informations of the changes of the air, 
which, in tefpect of its bulk, had the moft 
of its furface expofed thereunto; I quickly 
pitched upon a fine fpunge, as that, which is 
eafily portable, not eafy to be divided, or dif 
fipated, which, by its readinefs to foak in water, 
feemed likely to imbibe the aqueous particles, 
that it may meet with difperfed in the dir, and 
which, by its great poroufnefs throughout, has 
much more of fuperficies, in reference to its 
bulk, than any body, not otherwife lefs fit 
for the intended ufe, that came into my 
thoughts. 

Ir you recal to mind, when, and whence [ 
firft gave you notice, that I employed our little 
inftrument, you will eafily believe, that the in- 
ducements I had to pitch upon it, were, that 
I fhould need but fuch light and parable things, 
as I could eafily both procure in the country 

5H (wheie 


394 


(where I then was) and carry about with me, 
in the frequent removes I was obliged to make ; 
and therefore, that I did not reprefet this 
trifle as the beft hygrofcope, that could be de- 
vifed, or even as the beft, that, perhaps, I 
HYyElF could have propounded, if I wauld 
have framed an elaborate engine with wheels, 
forittss, or equivalent weights, pullies, indices, 
and other contrivances, fome of which I divers 
years ago made ufe of. For Ihittle doubt, but 
that mechanical heads may frame hygrofcopes 
much curioufer and perfecter, than that I 
now fend you, or any other I have ufed, or 
feen, if they may be accommodated with fuf- 
ficient room, and dextrous artificers, that will 
work, exactly aceording to directions; whereas, 
my defign being not fo much to make a ma- 
chinal, or engine-like, asa ftatical hygrofcope, 
and fuch an one as may be fimple, cheap, con- 
tained, and fet up ina little room, eafy to be 
made and tranfported, I thought it might be 
of fome ufe, efpecially to thofe, that are not 
furhifhed with curiofities and mechasical ac- 
commodations, if, among the feveral forms 
of hygrofcopes, that I had in my mind, I chofe 
one, that heing ftarical and eafy, might be as 
commodious by its fimplicity, as fome others 
by their elaboratenefs; efpecially, if we con- 
fider, that, as flight an inftrument as it feems, 
it may be applied to various ufes, fome of 
which are not flight, as will ere long be made 
prabahle. 7 

Ir I fhould be here told by one, that grants 
the preferablenefs of ftatical hygrofcopes in the 
general, that there are divers bodies, other 
than that pitched upon by me, whofe weight 
may vary, when the température of the air is 
confiderably altered, as to drynefs and moifture, 
and that, perhaps, among thefe, fome one 
may be found, that may imbibe the aqueous 
particles of the air better than our fpunge ; 
I fhaJl not refolutely deny it, and therefore 
fhall leave you to make trials with what other 
bodies you fhall think fit, contenting myfelf 
to have fuggefted, in general, the conveniency 
of making hygrofcopes, where the differing 
changes of the air may be eftimated by weight: 
but: this I fhall tell you, in favour of our {punge, 
that when I was confidering, what bodies were 
the fitteft to be employed for the making of 
{tatical hygrofcopes, I made trial of more than 
one, that Jeemed not the leaft promifing. I 
know, that common, or fea-falt, will much 
relent in moift air, and falt of tartar will do 
it much more; but then thofe falts, efpecially 
the latter, will not fo eafily, as they fhould, 
part with the aqueous corpufcles they have 
once imbibed, and are in other regards, (which 
it were not worth while-to infift on, ) lefs con- 
venient than a fpunge. I made trial alfo with 
Jute-ftrings, which were pufpofely chofen very 
flender, that they might have the greater fur- 
face, in refpect of their bulk: thefe I found, 
at firft, to do very well, as to the imbibing of 
the moifture of the air, but afterwards, they 
did not continue to anfwer my expectation. 
I caufed likewife to be turned out of a light 
woad acup, which, that it might lefs bur- 
den a tender balance, had, inftead of a foot, 
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a little button, to which a hair might be tied; 
to fufpend it by ; and this cup being purpofely 
tured very thin, that it might have much fur- 
face expofed to the air, proved for a pretty 
while fo good a hygrof€ope, as invited me to 
miake divers obfervations with it, fome of 
which I have ftill by me. It agreed alfo with 
feveral trials, that I had made on other occa- 
fions, of the poroufnefs of fuch bodies, that 
white fheeps leather, fuch as furgeons ufed to 
fpread plaifters upon, would be very convenient 
for my purpofe. And indeed I found by many 
obfervations, whofe fuccefs you may command 
a fight of, that if this leather were a fubftance 
as little obnoxious to corruption as a fpunge, 
it would, by its copious imbibitions, and emif- 
fions of the aerial moifture, be a: fitter matter, 
than any other I had employed for a hygro- 
{cope. 

But taking all things together, I found no 
body fo convenient for my purpofe as a fpunge ; 
which you will, perhaps, the more eafily be- 
lieve, if I add, that to help me to make fome 
eftimate of the porofity of it, [we weighed 
out a drachm of fine {punge, and having fuf- 
fered it to foak up what water it could, it was 
held in the air, not only whilft the weight of 
the water would eafily make it run out, but 
till it dropped fo very flowly, that a hundred 
was reckoned after one drop, before another 
fell; then putting it into the balance it had 
been weighed in before, we found, that as its 
dimenfions were increafed to the eye, fo its 
weight was increafed upon the fcale, amounting, 
now to fomewhat above two ounces and two 
drachms ; fo that one drachm of {punge, though 
it feemed not altogether fo fine as the portion we 
had chofen out for our hygrofcopes, did imbibe 
and retain feventeen times its weight of water. ] 

Now, when one is refolved to employ a 
{punge, there will not need to be much added 
about the turning it intoa hygroicope. For, 
having weighed it, when the air is of a mo- 
derate temperature, it requires but to be put 
into one of the fcales of a good balance, fui- 
pended on a gibbet, as they call it, or fome 
other fixed and ftable fupporter. For the 
fpunge being carefully counterpoifed, at firft, 
with a metalline weight (becaufe that alters 
not fenfibly with the changes of the air) it will, 
by its decrement, or increafe of weight, fhew, 
how much the neighbouring air is grown drier, 
or moifter, in the place, where the inftrument 
Is kept. The weight of the fpunge may be 
greater, or lefs, according to the bignefs and 
goodnefs of the balance, and the accuratenefs 
you defire in the difcoveries it is to make you. 
For my part, though I have, for curiofity’s 
fake, with very tender fcales employed, for a 
good while, but half a drachm of fpunge, and [ 
found it to anfwer my expectation well enough ; 
and though, when I ufed a bulk divers times 
as great, in a ftronger, but proportionably lefs 
accurate balance, I found not the experiment 
fuccefslefs ; yet,-after trials with differing quan- 
tities of {[punge, I preferred, both to a greater 
and lefier weight, that of a drachm, as not 
being heavy enough to overburden the finer 
fort of goldfiniths icales, and yet great enough 
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to difcover changes confiderably minute, fince 
they would turn, difcernibly, with a fixteenth, 
or twentieth part, and manifeftly, with half a 
quarter of a grain. 

Wits fuck hygrofcopes as thefe (wherein 
the balance ought io be ftill kept fufpended 
and charged) I made feveral trials, as my re- 
moves und accommodations would permit, 
fometimes in the fpring, and fometimes in the 
aucuma, and fometimes alfo in the fummer 
and winter. But neverthelefs, it would be very 
welcome to me, if you, and fome of your 
friends, woul.1 be pleafed to make trials your- 
felves, and compare them with mune, and e- 
{pecially take notice, 1f you can, whether, in 
any reafonable tract of time, there will be any 
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lofs, worth noting, of the fubflance of the 
{punge itfelf ; I having not hitherto difcovered 
any. Inthe mean time, to invite you to give 
yourfelves this trouble, after I have told you, 
that having once, among divers removes, had 
the opportunity to keep adrachm of fpunge 
fufpended during a whole fpring, and a great 
part of the preceding winter, and fubfequent 
fummer, I did not think my pains loft, though 
divers of the obfervations they afforded me 
have unhappily been fo, among many other 
memorials about experiments of differing kinds; 
notwithftanding which unfeafonable lofs, I thal! 
venture to fuggeft fome things to you, that 
occurred to me about the utilities of the inftru- 
ments I am treating of. 


OF THE 


UTILITIES 


TT HE ufe of a hygrofcope is either ge- 
neral, or particular ; the former is al- 
moft coincident with the qualifica- 
tions to be wifhed for, and aimed at, in the 
inftrument itfelf ; the latter points out the par- 
ticular applications, that may be made of it, 
when it is duly qualifed. Of each of thefe, I 
fhall briefly fubjoin what readily occurs to 
me. . - ) 
The general ule of a hygrofcope is, ‘* To 
“¢ eftimate the changes of the air, as to mol- 
‘ fture, and dryneis, by ways of meafuring 
“them, eafy to be known, provided, and 
<¢ communicated.” 

I might here pretend, that as thefe are the 
principal things, that have been defired in hy- 


“A 


srofcopes, fo it is obvious, from the defcrip- 


tion and account we have given of our inftru- 
ment, that thefe advantages belong to it in no 
very defpicable degree : and that to make fuch 
hygrofcopes, as will perform all thefe things in 
perfection, whatever it may feem to a mental 
contriver, will, I fear, prove no eafy tafk to 
thofe, that really attempt it. To thefe things 
I might add, that if fuch allowances be made, 
as what I have reprefented may invite you to 
grant, the qualifications lately mentioned, as 
defirable in a hygrofcope, may, in a tolerable 
meafure, be found in ours, when we fhall come 
to mention the particular ufes of it. And as 
for that of conveying to others the obferva- 
ticns made with it, you may pleafe to confi- 
dér, that the things Iemploy to meafure the 
degrees of dryneis and moifture in the air, be- 
ing grains, parts of grains, and greater weights, 
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the acceffions of moifture, which the fpunge 
receives, or the loffes, that it fuffers, can be 
eafily, and at the fame time, both found and 
determined. And as the weights employed to 
determine thefe differences are eafily procura- 
ble; fo the obfervations made with them 
may (together with patterns, if it fhould be 
needful, of the weights themfelves) with the 
fame -facility be communicated by letters e- 
ven to remote parts. In which conveniency, 
whether, and how far, our inftrument has the 
advantage of that made with an oaten beard, 
and fome others, that I have employed, I leave 
you to confider. 

I might farther alledge on the behalf of our 
inftrument, that whereas, befides the qualifi- 
Cations above-mentioned, there is another, 
namely, durablenefs, which, though not fo ne- 
ceffary to conftitute a hygrofcope, yet is necef- 
fary, as will ere long appear, to fome of the 
confiderableft ufes of it: and whereas fuch a 
durablenefs is wifhed, as may not only keep 
the inftrument from having its fubftance rot- 
ted, or corrupted by the air, but may alfo pre- 
ferve it in a capacity to continue pretty uni- 
formly its informations of the air’s moifture, 
even when that increafes very much, or lafis 
very long ; whereas, I fay, thefe things are 
much defired in a hygrofcope, our fpunge 
feems herein preferable to the oaten beard, 
lute-ftrings, &c. For in thofe, and the like 
bodies, the felf-contracting, or relaxing power, 
(as it is fuppofed) or the difpofition to imbibe, 
and part with the moifture of the air uniform- 
ly, or after a due manner, is wont-to be in no 
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very long time altered, or impaired ; and par- 
ticularly, when they have imbibed much aerial 
moifture, they are very faintly affected by the 
fupervening degrees of it, and fo the opera- 
tion is too difproportionate to what the like 
caufe would have produced, when the inftru- 
ment was well difpofed ; whereas, in our {punge, 
neither the degree of fpringinefs, nor any fuch- 
like quality is confidered, and it is capable of 
imbibing fo much more of the aqueous parti- 
cles, than even moift airs and feafons are wont 
to fupply it with, that there is little fear, that 
it will be glutted, or have its pores choked up 
with them, fo that the decrements, and accef- 
fions of weight, will be more proportionate 
to the degree of moifture in the air, and more 
reducible to known and determinate meafures. 

But though thefe, and the like fpecious 
things, may be reprefented in favour of our 
{tatical hygrofcope; yet, to deal ingenuoufly 
with you, I much fear, that it will be very dif- 
ficult to bring either ftatical ones, or perhaps 
any other, to be fo complete, as to fatisfy a 
nice and fevere critick, And you would per- 
haps eafily affent to my opinion, if it were not 
too tedious to entertain you with all the fpe- 
culative doubts and fcruples, as well mechani- 
cal as phyfical, which my accuftomed diffi- 
dence has now and then fugeefted tome. But 
becaufe fuch a fceptical diicourfe would be too 
tedious, and alfo fomewhat improper, to be 
propofed by one, that would recommend hy- 
crofcopes, I fhall only now take notice of one 
great imperfection, which all, that I have been 
acquainted with, are liable to; namely, that 
men have not yet found, nor perhaps fo much 
as dreamed of feeking a ftandard of the dry- 
nefs and moifture of the air, by relation to 
which hygrometers may at firft be adjufted, 
and fo be compared with one another, as we 
fee many of thofe fealed thermofcopes, that 
have been made and juftned by Mr. Shoigrave, 
the dextrous operator of the Royal Society. 
I deny not, that, by virtue of a ftandard to 
eftimate moifture by, I have endeavoured to 
remedy this inconvenience ; but, as my hopes 
were but fmall, fo neither was my fuccefs great, 
but Tam not fure, that happier wits, or I my- 
felf, at fome other and luckier time, may not 
more profperoufly attempt it. In the mean 
while, perchance, you will not think it alto- 
gcther nothing, if the trifle I prefent you, per- 
form, at leaft, fome of the things defired ina 
hygrometer lefs imperfectly, than any you have 
yet met with. And that you may not be dil- 
couraged by what I have lately acknowledged 
of the defects of fuch inftruments, I think it 
now feafonable to proceed to the mention of 
the particular ufes, for which, notwithftanding 
any inevitable defects, a hygrofcope, and even 
fuch a one as I now prefent you, may be made 
eafily to ferve. 


USE I 
To know the differing variations of weather in 
the fame month, day and bour. 


T may be ufeful for divers purpofes, to 
know, both that the air is wont to be lefs 


moift at one part of the artificial day (and f 
of the night,) than at any other, and at what 
particular time of the day or night it moft 
ufually is fo. And on this occafion I remem- 
ber, that ufually, when the weather was at a 
{tand, it was obferved, that the fpunge had 
manifeftly gained in the night, though it were 
kept in a bed-chamber, and grew lighter again 
between the morning and noon. This obfer- 
vation, which was made towards the end of 
winter, would not hold, in cafe frofty nights or 
fome other powerful caufe intervened. It 
were not amifs alfo to obferve, whether there 
be not a correfpondence betwixt the hygro- 
{cope and barofcope; and if there be, in 
what kind of weather or conftitution of air it 
is moft or leaft to be difcerned. And this en- 
quiry feems the more dubious, becaufe the 
fame changes of the atmofphere may, upon 
differing accounts, have either the like, or 
quite contrary operations upon thefe two in- 
ftruments. For in fummer, when the at- 
mofphere is ufually heavier, the hygrofcope is 
ufually lighter; fome ftrong winds, as with 
us the north-weft, may make both the at- 
mofphere and barofcope lighter, whereas fouther- 
ly winds, efpecially if accompanied with rain, 
often make the atmofphere lighter and the 
{punge heavier. And on the other fide I ob- 
ferve, that eafterly winds, efpecially when they 
begin to blow in winter, though, by reafon of 
their drynefs, they are wont to make the hy- 
grofcope lighter, yet they are wont, at leaft 
here at the weft-end of London, to make the 
barofcope fhew the air to be heavier. It were 
likewife fit to be obferved, particularly by 
thofe, that live on the fea-coaft, whether the 
daily ebbing or flowing of the fea do not fen- 
fibly alter the weight of the hygrofcope. It 
were very well worth while alfo to take notice, 
at what time of the day or night, ceteris pari- 
bus, the air is the moft damp and moft dry, 
and not only in feveral parts of the fame day, 
but in feveral days of the fame month; efpe- 
cially on thofe days, wherein the full and new 
moons happen. And this feemsa more hope- 
ful way of difcovering, whether the full moon 
diffufes a moifture in the air, than thofe vul- 
gar traditions of the plumpnefs of oyfters and 
fhell-fifh, and brains in the heads of fome ani- 
mals, and of marrow in their bones, and di- 
vers other phzenomena, which, as I have fhewn 
in another paper, it 1s not-eafy to be fure of. 
It may alfo be noted, whether monthly fpring- 
tides, efpecially when they fall out near the 
middle of March or September, have any fen- 
fible operation upon our inftrument. 


USE II. 


To know, bow much one year and feafon is dryer 
or moifter than another. 


HIS cannot be fo well performed by 

the hygrofcope made of an oaten beard, 

if they, that have made ufe of them more than 
I, do complain with reafon, that after fome 
months (for Icannot tell you precifely how 
many) they begin to dry up and fhrink; fo 
that their fenfe of the varying degrees of the 
mouture 
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moifture of the air is not fo quick as before, 
and the informations they give of-the degrees 
of it, efpecially towards the outmoft bounds 
of their power, to fhew the air’s alterations, re- 
cede more and more from uniformity. But 
the laftingnefs and other convenient qualifica- 
tions of our fpunge making its capacity of do- 
ing fervice more durable, may the better help 
us to compare the egreateft moifture and dry- 
nefs, both of the fame feafon, and of the fea- 
fons of one year with the correfpondent ones of 
another. -And if the weight of the {punge at 
a convenient time, when the temperature of 
the air is neither confiderably moift, nor confi- 
derably dry, be taken for a ftandard, a perfon, 
that fhould think it worth his pains, may, by 
computing how many days at fuch an hour, 
and how much at that hour, it was heavier or 
lighter than the ftandard, and alfo by com- 
paring the refult of fuch an account in one 
year -with the refult of the like account in ano- 
ther year, be affifted to make a more particular 
and near eftimate of the differing temperature 
of the air, as to moifture and drynefs, in orie 
year than in another, and in any correfpondent 
feafon or month, affigned in each of the two 
years propofed. And how much the collation, 
or continuance of fuch obfervations, both in 
the fame place, and alfo in differing countries 
and climates, may be of ufe to phyficians in 
reference to thofe difeafes, where the moifture 
and drynefs of the air has much intereft; and 
the hufbandman to forefee what feafons will 
prove friendly or unkind to fuch and fuch foils 
and vegetables ; it muft be the work of time 
to teach us, though in the mean while we have 
no reafon te defpair, that the ufes to be made 
of fuch obfervations may prove confiderable. 
And the rather, becaufe if by help of the re- 
fult of many obfervations men be enabled to 
forefee (though at no great diftance off) the 
temperature of a year, or even of a feafon, it 
may advantage not only phyficians and plow- 
men, but other profeffions of men, who re- 
ceive much ‘profit or prejudfce by the drynefs 
or exceffive moifture of the feafons. And not 
to mention thofe, who cultivate hops, faffron, 
and other plants, that are tender and bear a 
great price; fuch a forefight, as we are {peak- 
ing of, may be of great ufe to fhepherds, who, 
in divers parts of Exgland, are oftentimes much 
damnified, if not quite undone, by the rot of 
fheep, which ufually happens through excefs 
of moifture in certain months of the year. And 
in order to the providing of foundations, 
whereupon to build predictions, it may not be 
amifs to regifter the number, bigaefs, and du- 
ration of the confiderabler ipots, that may at 
this or that time .of the year happen to appear, 
or be diffipated on or near the fun, or to take 
notice of any extraordinary abfence of them, 
and to obferve, whether their apparition, or 
diffipation, produce any changes in the hy- 
srofcope: which curiofity I fhould not venture 
to propofe, but that (as I elfewhere note) I 
find, that eminent aftronomers have cafually 
obferved great dryneffes to attend the extraor- 
dinary abfence or fewnefs of the folar fpots. 
" And thofe perfons, that are aitrologically given, 
Vou, IIl. 


may, if they pleafe, extend their curiofity in 
the ufe of this inftrument to obferve, whether 
eclipfes of the fun and moon, and the great 
conjunctions of the fuperior planets, have any 
notable operation upon it. 


USE If. 


To difcover and compare the changes of the tema 
perature of the air made by winds, ftrong or 
weak; frofty, fnowy, and other weather. 


. may conveniently enough be done> 
as to winds, either by our whole inftru- 
ments, or (perhaps better and more fafely) by 
the {fpunge alone, which may be taken off and 
hung by a ftring, for as long time, as is thought 
fit, inthe wind, and then reftored to its for- 
mer place. For I found by removing it into 
the wind, that it foon received a very confidera- 
ble alteration in point of weight, as alfo it 
did, when removed out of a room into a gar- 
den where the fun fhined ; for though the fea- 
fon were not warm, it being then the month ~ 
of Fanuary; yet in three quarters of an hour 
the fpunge loft the 24th ‘part of its weight. 
We may alfo in fome cafes ufefully fubftitute 
toa fpunge a fomewhat broad piece of good 
fheeps-leather difplayed to the wind. For 
this having, by reafon of its thinnefs (or very 
fmall depth,) in proportion to its breadth, a 
very large fuperficies immediately expofed to 
the wind, we found it to be notably altered 
thereby, in fo much, that half an ounce of 
well prepared fheeps-leather, (that we had long 
employed as an hygrofcope) being kept an 
hour in a place, where the fun-beams might 
not beat upon it, did, in a {trong wind, vary 
in that fhort time an eighteenth part of its ori- 
ginal weight. But though I think it very pof 
fible ta make fuch obfervations of the tempe- 
rature of particular winds, as will frequently 
enough prove fo true as to be ufeful, at leaft 
to thofe, that live in the places where they are 
made; yet 1am of opinion, that, to be able 
to fettle rules any thing general, to determine 
with any certainty the qualities of winds, ac- 
cording to the corners, whence they blow, as 
from the eaft or weit, north-eaft, fouth-weft, 
&zc. there will be a great deal of warinefs re- 
quired ; and he, that has not fome competent 
{kill in phyficks and cofmography, will eafily 
be fubjeét to miftakes in forming his rules. 
To countenance which advertifement, I fhall 
now make ufe but of thefe two confiderations, 
whereof the firlt is ; that winds, that blow from 
the fame quarter, are not in fome countries of 
the fame quality, that they are in moft others, 
the wind participating much of the nature of- 
the region, over which it blows in its paflage to 
us. At the famous port of Archangel they 
obferve, that whereas a northerly wind, almoit 
every where elfe without the tropicks, pro- 
duces froft in winter, there it is wont to be at- 
tended with a thaw, fo as to make the eves to 
drop. Of which the reafon feems to be, that 
this wind comes over the fea, which lies north 
from that place; and on the contrary, a 
foutherly wind, blowing over a thoufand or 
twelve hundred miles of frozen land, does ra- 
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ther increafe the froft than bring a thaw. This 
was by the inhabitants averred to the Ruffian 
emperor's phyfician, who was more than once 
at Archaugel, and from whom I had the ac- 
count. The northern winds, that are elfewhere 
wont to be drying, are faid in Egypt to be 
mot. I remember Mr, Saadys, in his excel- 
lent Travels, giving an account of what he ob- 
ferved about the largeft of the famed Egyp- 
jan pyramids, has this confiderable pafiage ; 
“ Yer this hath been too great a morfel for 
time to devour, having ftood, as may be 
probably conjectured, about three thoufand 
and two hundred years, and now rather old 
than ruinous: yet the north fide moft worn, 
by reafon of the humidity of the northern 
wind, which here is the moifteft.”” Sandys 
in Purchas’s Pilgrimage. And it is yet more 
confiderable to our purpofe what I find re- 
lated by monfieur de Serres, in his ufeful book 
of hufbandry, fince by that it appears, that 
even in not very diftant provinces of the fame 
kingdom, the winds, that blow from the fame 
quarter, may have very differing qualities and 
effects. For, fpeaking of the changes of the 
air, in reference to hufbandry, in feveral parts 
of France, he informs us, that it is obferved, 
that in the quarters about Tholoufe the fouth- 
wind diesthe ground, and the north gives rains. 
Whereas on the contrary, from Narbonne to 
Lyons, all over Provence and Daupbiné, this laft 
named wind caufes drynefs, and the other brings 
moifture. And this may fuffice for my firft 
confideration. My f{ccond is this, that the 
vehemence or the faintnefs of the winds, 
though blowing over the fame country, may 
much diverfify its operation on the hygrofcope ; 
and the fame wind, which, when it blows but 
faintly, or even moderately, 1s wont to appear 
moift by the hygrofCope, may, when vehement 
or impetuous, make the inftrument grow 
lighter, difcuffing and driving away more va- 
pours by the agitation of parts it makes in the 
fpunge, than is countervailed by thofe aqueous 
vapours, that are brought along with it. But 
on fuch things as thefe I have not leifure to in- 
fift, and therefore I fhall proceed to take no- 
tice, in very few words, of fome other opera- 
tionsof differing weathers on our inftrument, 
and tell you, that frofty weather often made 
the hygrofcope grow lighter even at night: 
fnowy weather, which lafted nat long, added 
fomething to the weight of the fpunge. And 
it has been obferved, that mifts and foggy 
weather ufed to add weight to it, even not- 
withftanding froft. 

To which may be added an _ obfervation 
made by myamanuenfis, who having a conve- 
mienter chamber than mine, (wherein a fire was 
daily made,) was diligent and curious to {et 
down the changes of the hygrofcope, that was 
left in his lodging ; for this obfervation makes 
it probable, that a tranfient cloud in fair wea- 
ther may be (for I fay not, that 1t always is) 
manifeftly obfervable by our inftrument. For 
by his diary it appears, that the ninth of Sep- 
tember, being tor the moft part a very fair 
fun-fhiny day, though about ten a clock in the 
morning the fun fhone brightly, the fpunge 


6G 


Of the UTILITIES of HYGROSCOPES. 


began to preponderate, which unexpected pha- 
nomenon made him look out at the window, 
where hedifcovered a cloud, that darkened the 
fun, but after a while, that being paft, the ba- 
Jance returned to an equiltbrium. On this 
occafion | fhall intimate, that I have more than 
once or twice obferved, efpecially in fummer, 
that when the air grew heavier, the hygrofcope 
either continued at a ftand, or perhaps, alfo 
grew lighter; as if, when fuch cafes happen, 
the effluvia, that get into the air, either trom 
the terreftrial, or fome other mundane elokte, 
were not fit, like vapours, to enter and lodge in 
the pores of the fpunge, and fo were cor- 
pufcles of another nature, with which, when 
we find by the barofcope, that the air is plen- 
tifully ftocked, it may be worth while to ob- 
ferve, whether any, and if any, what kind of 
meteor, as wind, or rain itfelf, or hail, or in 
the winter {now or froit, will commonly be 
fignified and produced. 


USE IV. 


To compare the temperaiure of differing houfes, 
and differing rocms in the fame boufe. 


S this 1s of great ufe, both in refpect of 
mens health, efpecially if they be of & 
tender, or fickly conftitution, and in refpeét of 
conveniency for the keeping fiefh, fweat-meats, 
and feveral forts of wares and goods, and 
even houfhold-ftuff, that are fubjeét to be in- 
damaged by moift air; fo it is readily and 
manifeftly derivable from our inftrument, For, 
by removing it into feveral houfes, or into f{e- 
veral parts of the fame houfe, and letting it 
{tand in each a competent time, to be affected 
with the temperature of the air of thar parti- 
cular place, we have divers times obferveda no- 
table difference, as you may guefs by the two or 
three notes ] met with among fome old papers. 
Oédfober 13. [THREE or four days ago, a 
piece of fine fpunge being taken out of a ca- 
binet, and clipped, till it came to weigh juft 
half a drachm in a nice pair of fcales, and 
a warm room, was afterwards removed inta 
a neighbouring room deftitute'of a chimney, 
(and yet within three or four yards of a chim- 
ney feldom without fire :) this ftatical hygro- 
fcope, confifting of the fcales and the trame 
they hung on, was yefterday night removed into 
the former room, and the fpunge was found 
to have gained three grains and 4, or better, 
and confequently more than a tenth part, in 
reference to tts firft weight ; but being fuffer- 
ed to ftand in this warm room, in lefs than 
twelve hours, it loft a grain and about @ of its 
former weight, though the time it ftood in this 
room were, for the moft part, night and rainy 

weather. | | 
[We took a piece of very fine fpunge, 
which formerly had weighed juft a drachm, 
but having been many months kept in a very 
warm room, where fires were kept every day, 
it was grown much lighter ; for, removing it 
into an upper chamber in a neighbouring 
houfe, and weighing it in tender {fcales, in the 
evening it was found to want.of a drachm, 
four grains, and ¢ of a grain; and though 
there 


‘ 


Of the UTILITIES 


there was a fire in the room, and the {feales 
ftood not far from it, yet, in a fhart time, 
{the day being foggy and rainy,) the {punge 
vifibly depreffed its feale 4, and the next morn- 
ing was found to want but ane grain and a half 
of a drachm, {fg that, it had gained about 
three grains and a quarter, and the following 
evening, being the fecond of Faxnuary, it 
weighed one drachm, a grain, and almoft half 
a grain. So that in abgyt one patural day, the 
{punge had acquired fix grains from the moif- 
ture of the air, that is, a tenth part of its firft 
weight (1 mean a drachm) and a greater pro- 

ortian in reference to the weraht it had the 
day before. The third of Fanaary, the wea- 
ther being yet moiff, the weight exceeded two 
grains, but about three or four of the clock in 
the afternoon, it began to lofe of that great 
weight, which diminifhed more by the next 
morning, the weather having changed that 
night, and become fomewhat frolty.] 

Iw another paper I alfo find this note. [The 
ayachni of p fpunge, that had fer divers weeks 
been kept In a dry room, was (Fanwary the 
tenth) carried out into a room, where fire ts 
not wont to be kept, the weather being extra- 
ordinarily fogay : thismorning, being brought 
info the former room, though now the weather 
be clear (yet not frofty) it appears to have 
gained in weight about eleyen- grains; yet it 
foon loft two grains by ftanding in this room 
all the while in the balance. } 
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To obferye in a chamber the afecis of the pre- 
nce,ior abfence of a fire in a ebimney or 


fiove. ’ 


aus is eafily done, and the more eafily, 
if the room be {mall. For 1n fuch cham- 
bers, 1 have often obferved a wnoderate fire to 
alter the weieht of the inftrument, placed at a 
diftance from it, after it had been well kindled 
but a very little while; byt in wet weather, jf 
the fire were not feafonably renewed with fredh 
fuel, the decay of it would, in no long ume, 
begin to be difcernible by the inftrument. 


Tugba at 


Fo keep a chamber at the fame degree, or et an 
affigned degree of dryne/s, 


(QUPPOSING the alteration of weight in our 
: fnynge to depend only upon the degree of 
the moifture of the air, the laft named ufe 
will be but an obyious corollary of the former. 
For, if a convenient past of the room he 
chofen for the hygrefcope, and it be kept ¢on- 
ftantly there, it 1s aly, by cafting one’s ye on 
it fram time to time, to perceive, when it will 
be requifite to encreafe or moderate thé fire, fo 
as to keep the fpunge at that weight ir was of, 
when the femperatuce of the air of the cham- 
ber, as to drynefs and moifture, was fuch as 
was defired. J will not trouble you with fome 
{cruples, which, I caniefs, the confideration of 
this ufe of our inftryment fuggefted to me, be- 
caufe I have not now the Jeifure to difcufs 
them. 1 had thoughts to try, whetuer, and 


_but that remembering a caution I gave you 
when I was fpeaking of winds, I think it bug yyy. 
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how far a good quantity of {alt of tartar, or 
even dried fea-falt, being kept in a clofer, or 
fome clofer roam, might by imbibing leffen 
the moiftyre of the air in it, but I did not pers 
feét any obfervation of this kind. But ] will 
add tq what I have already referred to this 
fixth head, that I have fometimes noted with 
pleature,.haw manifeft and great a change ip 
the weight of our fpunge would be made, 
when the room was wathed, and a good while 
after, notwithftanding that q good fire was 
kept in it, to haften the drying of ip. — 

Besipes the hitherto mentioned ufes of our 
hygrofcape, J] know not, whether there may 
not be divers others, and whether we may. not, 
by a little altering and helping it, make jt ca- 
pable. of fhewing us fome difference betwixt 
fteams of differing natures, as thofe of water, 
{pirit of wine, chemical oils, and perhaps new 
kinds of fubftances (fuch as we have not yet 
taken notrce of) in the air, in which I confefs, 
I fufpect there may fometimes be difperted. 
fiare of cgrpuf¢les, that I do ngt yer well know- 
what to think ef. For I have more than gnee 
obferved (not without fome wonder)-the hy- 
srofcope not to be affected with -the alteration 
of weather, anfwerably to what the manifeft 
conftitutions, or variations of it feem plainly 
to xequire : ahether ynobferved garpufcles per- 
formed this, by makine the other fteams in 
pomt of figure, or fize, incongruous to the 
minute pores of the fpunge, and fe unfit to 
enter them ;- or by diffipating, or otherwife 
procuring the avolation of more of the watery 
particles than they could sountervail, 1’ now 
examine not. And_J am not fare, but by affo- 
clating this inftrument with the thermofcope, 
barofcope, and-fome others, that may be pro- 
pofed, it might be fo improved, as to help 
us to forefeé divers conftderable things, that 
either are themfelves changes of the air, or are 
wont te be confequences of them: as fickly 
and healthful conftitutions of the air, both as 
ta man and cattle; and healthful, barren, or 
plentiful feafons in particular places oy coun- 
tyes; and perhaps alfo {trong hurriganeg, 
earthquakes, inundations, and their ill effects, 
efpecially thole accidents, thar depend much 
upon the furcharge of the air, with other ex- 
halations and moift vapours, which operate be- 
fore fenfibly upon ur inftrument, and there- 
fore may be difcernible by it a good while he- 
fore they arrive at that height, thar makes 
them formidable meteors. And Jf it were but 
the foretelling approaching rain, this yery 
thing may, on divers gccafions, proys -yesy 
ferviceable, and gecommend our jnftrument, 
which often receives much egrher impreffions 
from the fteams, that {wim wp and dow) in 
the air, than our fenfes do ; fo chat J have been 
able to forefee a fhower of rain, efpecially in 
dry weather, a nat inconfiderable while before 
it fell. 

Anp here I fhould difimifs our fubject, which 
Ihave already dwelt on Jonger than I defigned, 


fit to add two-or three lines, to‘keep yau from 
being by that advertifemment difcouraged from 
? endeavouring 
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endeavouring to make, in the general, fuch hy- 
srofcopical obfervations, as may be reduced to 
hypothefes. For as I elfewhere difcourfed con- 
cerning barometrical theories, if I may fo call 
them; {o I fhall here reprefent, concerning hy- 
srofcopical ones, that if a theory or hypothe- 
fis, that is itfelf rational, be found agreable to 
what happens the moft ufually in obfervation ; 
it ought not lightly to be rejected, or fo much 
as laidafide, though fometimes we find particular 
inftances, that feem to call it in queftion. For 
it is very poffible, that the theory or hypothe- 
fis may be as good, as a wife man would require 
about fo mutable a fubject as the weather. And 
the caufe affigned by the hypothefis may really 
act fuitably to what that requires, though a 
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contrary effect enfue by reafon of that caufe’s 
being accidentally maftered and over-ruled by 
fome more powerful caufe or agent, thar hap- 
pens for that time to invade the air. As we 
know, that tides do for the main correfpond 
with the motions of the moon, (whofe phafes 
are therefore argued from them,) and do gene- 
rally ebb and flow at fuch times, and in fuch 
meafures, as the theory, that hasbeen grounded 
on that correfpondency, requires; but yet fea- 
men find, that in this, or that particular har- 


‘bour, or mouth of a river, fierce contrary 


winds, great land-floods, and other cafually in- 
tervening caufes, do fometimes both very 
much difturb the regular courfe of the tides, 
and encreafe or leffen them. 
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grofcopes to you, if that quality of the 

air, which thefe inftruments are ufeful to 
give us an account of, be made appear tobe more 
‘powerful, and have confiderabler effects, than 
is commonly believed ; it will not be from my 
‘ purpofe to prefent you here fome inftances, that 
have led me to think, thatthe effects of the 
-motfture of the air may be confiderable, not 
only upon men’s healths, but upon fubjects far 
“lefs tender, and lefs curioufly contrived, than 
human bodies. ‘But I hope you will eafily 
believe, that by the moifture of the air, I 
mean not a mere and abftracted quality, but 
moift air itfelf, or rather thofe humid cor- 
'pufcles, (chiefly of an aqueous nature,) that 
abound, and rove to and fro, in our common 
air. 

Tuat the moifture of the air may have 
no imal] influence, and ufually a bad one, up- 
on men’s healths, is that, which, though ex- 
perience did not fo often teach us, I fhould 
venture to argue from what I have obferved of 
the operation of moift air upon the dry and 
firmly contex parts of animal, and even in 
_ thofe cafes, where, for want of time, or other 
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impediments, this moifture cannot produce any 
fenfible degree of putrefaction. 

TuatT the fkins of animals may be eafily 
invaded by the moift particles of the air, is the 
more probable, becaufe of the numeroufnefs 
of their pores, which may be concluded from 
their hairinefs, or their fweat, or both. And 
I formerly obferved to you, that I found 
fheeps-leather to imbibe the moifture of the 
air, and encreafe in weight upon it, as plenti- 
fully as almoft any body I expofed to it. 

Burt to fhew you, that much clofer mem- 
branes, and which nature made to be -imper- 
vious to fuch a liquor as urine itfelf, may be 
affected by the vapours of the air, I fhall add, 
that having purpofely taken pieces of bladders, 
fine and well blown, and, as far as appeared, 
of a very clofe contexture, and counterpoifed 
them ina good balance, I found, according to 
expectation, that they would confiderably en- 
creafe their weight in moift, and loofe it again 
in dry weather; fo that I might have employ- 
ed the moft membranous part of: a bladder 
(for J thought not fit to make ufe of the neck 
or the adjoining part) to make a ftatical hy- 
erofcope. : | 
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Anp as for other membranes and fibres, I 
fhall have by and by occafion to take notice, 
that even when they are ftrongly and artificially 
wreathed together into gut-ftrings, they may 
tmbibe enough of the moifture of the air to be 
broken by it. And I remember, I formerly 
told you, that I had obferved lute-ftrings to 
crow heavier in moift air. | 

Anp whereas bones are by all confeffed to be 
the firmeft and folideft parts of animals, and as 
it were, the pillars, by which the fabrick is fuf- 
tained ; yet it feems, that even they may be 
pierced into, and fenfibly affected by the 
moifture of the air. For I remember, that 
having caufed the fkeleton of a human body to 
be fo made by a famous and very fkilful artiff, 
that, by the help only of flender wires artifi- 
cially ordered, the motions, which the mufcles 
make of the bones of a living body, might be 
well imitated in the fkeleton, I obferved, that 
though in dry and fair weather the flexures of 
the limbs miglit be readily made, yet in very 
moift weather the joints were not eafily bent, as 
if the parts were grown {tiff and rigid ; which 
feemed to proceed hence, that moift particles of 
_ theair, having plentifully infinuated themfelves 
at the pores into the bones, had every way dif- 
tended them, and thereby made the parts bear 
hard againit one another, (which they did not 
at all before) at the junctures or articulations. 

Bur it will be the more readily believed, 
that the moifture of the air may operate confi- 
derably upon the tender and curioufly contrived 
bodies of mcn and other animals, if, proceed- 
ing to the obfervations I chiefly delign, I make 
itappear, that the moiftening particles, that 
rove up and down inthe air, are able to exer- 
cife a notable (and, if I may fo call it, a me- 
chanical) force, even upon inanimate and inor- 
ganical bodies : “which may well fuggeft a fuf- 
picion, that hygrofcopes being the proper in- 
ftruments to difcover a quality in the au, whofe 
efficacy reaches farther than is commonly taken 
notice of, they may in time be found ufeful to 
divers other purpofes, befides thofe, that relate 
to the health of men. 

Taat wood, efpecially when it has been 
feafoned, is a folid of a ftrong and firm con- 
texture, if it were not obvious by the daily ufe 
made of it in building fhips, houfes, &c. might 
be eafily concluded from the weight or force 
required to alter its contexture, by making any 
confiderable, or, perhaps, fenfible compref- 
fion of it. And yet that wood may fuffer a 
kind of divulfion of the multitude of its parts, 
and be manifeftly diftended by aqueous corpuf- 
ples. getting into its porés, I remember, | 
proved by this experiment. I got a piece of 
found and feafoned wood of about an inch (or 
~ an inch and half) in diameter, to be by a fkil- 
ful artift made cylindrical, and alfo a ring of 
fome folid matter, as brafs or ivory, to be ex- 
actly turned’to fit this cylinder, fo that it might, 
without much eafe, or much drfficulty, be put 
on and taken off again: then’ we put the 
turned piece of wood into fair water, and left 
it to foak there for many hours ; at the end of 
which it was vifibly fwelled:: and though I 
cannot now tell you, (for warit of a paper con- 
cerning that expériment,) how -much it- was 
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encreafed in diameter, yet I well rernember; 
the increment was confiderable, and: that the 
ring, that was adjufted to it before, was mani- 
feftly too little to be put again upon it, or with 
its orifice to cover the whole bafis of the dif- 
tended cylinder, which afterwards being dried 
in the air fhrunk into a capacity of entering the 
ring again. And in this experiment I took 
notice, that the great intumefcence of the wood 
was not produced all at once, or foon after it 
was put into water, but it fwelled by degrees, 
and lay foking there many hours, before it ar- 
rived at its utmoft diftention, the aqueous cor- 
pufcles requiring, it feems, fo much time to 
infinuate themfelves fufficiently into the wood ; 
which argues, that the internal parts were like- 
wife affected, though, when even they came 
to {well, they had a good thicknefs of waod 
about them to hinder their dilatation. 

I expect you fhould now tell me, thac this 
diftention of fo firm a body was made by wa- 
ter it felf, and not by the humid vapours of the 
air. On which occafion I might reprefent to 
you, that by the fweating (as men commonly 
call the adhefion of waterifh drops to the fur- 
face) of polifhed marble and fome other cold 
and fmooth bodies, that fometimes happens e- 
ven inthe heat of fummer, if they be cold, 
and the ambientair be moift enough, 1t appears, 
that both in hot weather the air may te plenti- 
fully ftocked with aqueous vapours, and that 
thefe vapours need to do no more, than con- 
vene together, to conftitute vifible and tangible 
water. And on this occafion, if I were fure I 
had not told you of it already, I fhould fub- 
join an experiment, which would detect the 
vulgar error of thofe, that think the adhering 
drops, lately mentioned, to fome come from in- 
ternal moifture derived by its preffion, or percola- 
tion, fromthe marble or the other body they are 
faftened to; and at the fame time tf fhall fhew 
(what is not wont to be imagined) that in the 
heat of fummer the air is furnifhed with invi- 
fible and yet aqueous fteams. ‘The experiment 
I long fince tried in winter with fnow and falt, 
included in a glafs veffel, and then put to dif- 
folve in a balance. But becaufe neither ice 
nor frow isat all eafy to be come. by among us 
in England in fummer; and becaufe at that 
feafon, che air in fair weather is prefumed to 
be dry as well as hot, I chofe, within fome 
days of Micfummer, and in clear fun-fhiny 
weather, to make the following trial. 

We took a pint glafs-bottle, and having put 
into it a convenient quantity of water (for 
room: mutt be left for the falt) we placed them 
and four ounces of beaten fal armoniack in 
one fcale of a good balance, anda counterpoifé 
in the other; and then, putting the falt into 
the water, ] obferved, that tho’ for a while, 
the equilibrium remained,: yet- when the fri- 
gorific mixture had fufficiently cooled the out- 
fide of the bottle, thé roving vapours of the 
air, that chanced to'pafs along the furface of 
the veffel, were, by the contact of that cold 
body, arrefted, and turned into a kind of a 
dew, which from time to time made the feale, 
that held the glafs, preponderate more and 
more, and at length the drops growing greater 
and greater, ran down: in fimall rivulets the 
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fides of the elafs, and in lefs than an hour, by 
my eftimate, the condenfed {teams amounted 
to near a drachm, which weight was after- 
wards much encreafed within about two hours 
more: whercby it fufficiently appears, both 
that this dew came from without, (fince if it 
had been a tranfudation, it would not have ad- 
ded weight to the fcale, that received it,) 
and that there is, even in clear fummer wea- 
ther, a vaft number of moift particles difperfed 
through the air, fince in about an hour’s time, 
fuch a multitude of them, as the liquor pro- 
duced, may be fuppofed to confift of, and may 
by heat be actually refolved into, could in 
courfe come to touch fo finalla furface, as that 
of that part of fo {mall a bottle, which. con- 
tained the frigorific mixture. For the reft of 
the veffels furface was not cold enough to con- 
denfe the vapours into liquor. But to return 
to what we were faying of wood {welled by 
water ; becaufe, notwithitanding thefe confide- 
rations, I am willing to allow, that the experi- 
ment of the cylinder does not fully come home 


_to our purpofe, and that I produced it not fo 


much to prove directly the force of moift air, 
as to countenance what I am about to fay, by 
fhewing, what a fufficient number of aqueous 
corpuicles may do in the folid wood they pene- 
trate, I fhall new add fome inftancesof the force 
thefe particles may exercife upon folids, when 
they invade them but in the form of vapours. 
TuatT inthis form the multitude, figures, 
and motions of thefe infinuating particles may 
enable them to difplay no {mall force in their 
operations on fome bodies, we have one in- 
{tance, that often happens, though but feldom 
reflected on, in the breaking of the ftrings of 
mufical inftruments, firft brought to a good 
tenfion, upon the fupervening of rainy wea- 
ther. For the caufe feems to be, that the va- 
pours, that then wander through the air, infi- 
nuating themfelves into thefe ftrings, (which 
the mufician often forgets to let down or relax 
after having {fkrewed them up,) diftend and 
{well them, and thereby endeavour to fhorten 
them, and that fo forcibly, that they not fel- 
dom break with a fmart noife and great vio- 
lence ; which, becaufe it happens without any 
vifible efficient, men commonly think and fay, 
that fuch ftrings break of themfelves. But to 
take no farther notice of this popular furmize, 
if we confider, how much weight fome of thofe 
bigger ftrings, efpecially of bafe viols, that 
have been obferved to break 1n rainy weather, 
will require to ftretch any of them to a rup- 


_ ture, you will eafily be induced to think, that 


this operation of the moift air exacts, and 
therefore argues more than a languid force. 
But here, probably, you will tell me, that 
the inftances you expected were concerning 
wood, which is a far folider body than gut- 
ftrings. To this I fay, that the newly-recited 
inftance belongs directly to the title of this 
paper, and, being above referred to, ought 
not to be pretermitted. And as to your ex- 
pecting inftances concerning wood, I might 
content myfelf to refer you to what 1s obferved 
nbout the uneafy opening and fhutting fome 
oors well adjufted to the door-cafe in very 
t:.-y weather, But though this obfervation 


favours my defign, yet I had rather give you 
inftances in wood, purpofely and carefully {ca- 
foned. And therefore I fhall now inform you 
of thefe two things; one, that I found by 
trial, as I have elfewhere noted, that wood, 
counterpoifed in a good balance, would grow 
fenfibly heavier in wet weather, and lighter a- 
gain in dry; and the other, that, to fatisfy 
myfelf yet further, I confulted an ancient mu- 
fician, to whom I had once been a difciple, 
and a famous organ-maker, to know, whether 
they had not obferved, that the wood itfelf, 
&c. of mufical inftruments, would receive 
fuch alterations from the morfture of the air, 
as might be difcerned by the ear? upon which 
enquiries, the mafter of mufick anfwered me, 
that though metalline ftrings will not change 
with the weather, like gut-ftrings ; ‘yet vir- 
ginals (for inftance) though furnifhed with 
wire-{trings, will, for the moft part of them, 
(for fome he has obferved to be fo well fea- 
foned, that they are not altered by the wea- 
ther,) be out of tune in wet weather, the 
{trings generally then affording their notes 
fharper than they fhould, or are wont to do. 
And the organ-maker confeffed to me, that, 
upon great changes of weather, divers organs 
would (after they had been long ago tuned) 
grow out of tune, and that not only the wood- 
en pipes would be thereby fwelled, but the 
metalline pipes untuned. 

But if bodies be of fuch a conftitution, as 
not only to admit, but affift the operation of 
the moift air, the penetrancy and efficacy of. 
this may be found much more confiderable 
than in the fore-going inftances. For there 
are fome kinds of thofe marchafites, that yield 
vitriol, which, whilft they lie under ground, 
or are covered with the fea-water, on whofe 
fhores they are, in fome places, to be found, 
retain a ftone-like hardnefs, and are often taken 
for meer ftones; and yet fome credible perfons, 
that are converfant about vitriol, have cafually 
obferved, that thefe, being expofed to the air, 
would, in tract of time, be fo penetrated by 
the moift particles of it, though perhaps not 
meerly as moift, that (probably by the help of 
the vitriolate corpufcles they met with among 
the ftony matter) thefe hard and folid marcha- 
{ites are brought to {well fo much as to burft: 
That this will happen to fuch kind of ftones 
(though they be of a clofe and heavy nature ) 
by the help of rain, experience has perfuaded 
me ; and that it may alfo happen even to very 
hard and {ftone-like marchafites, (for many are 
not fuch,) when they are meerly expofed to 
the air, Iam apt to think upon fome trials of 
my own. For from fhining marchafites, 
though but kept in my chamber window, 
I have had vitriolate efflorefcencies, that 
feemed to be produced by the. action of 
the piercing moifture of the air upon the 
mineral. And I remember, that very hard 
and heavy lumps, that were of a marchafitt- 
cal fubftance, though not at all gliftering, 
which feemed to be ftony, were fo difpofed to 
be wrought on by the air, that though they 
were kept partly in my own chamber, and 
partly in other covered places, yet in no very 
long time they were fo penetrated by the moift 
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corpufcles of the air, that they were not only 
burft, but broken into many pieces; infomuch 
that many of them did of themfelves fall off 
from one another, and feveral of the divided 
portions would.eafily be crumbled betwixt one’s 
fingers. And of fome of thefe I have obfer- 
ved with pleafure, that a vitriolate fubftance 
was produced more copioufly in their inner- 
moft parts, than on, or near their outfide. So 
that, when I confidered how great, an external 
force would have been requifite to make fuch 
a comminution of minerals fo folid and hard, 
it was‘obvious for me to look upon the air’s 
moifture, as capable, when it meets with fitly- 
difpofed bodies, to exercife a far greater force, 
than is wont to be conceived. 

To thefe phaznomena I might add fome 
others to the fame purpofe ,; but becaufe the 
marchafitcs, aad other bodies, required to the 
producing of them, are not eafy to be come 
by, and the fuccefs often exacts a good length 
of time, [ fhall conclude this paper, by fub- 
joining a far fhorter experiment, that I deviled 
not only to fhew in general, that the moifture 
of the air may have a confiderable efficacy, 
but to affift a virtuofo to make fome eftimate 
in known meafures of the mechanical force of 
the aerial moifture. And though I now find, 
to my trouble, that I want fome of the notes, 
that concern the circumftances, and the pro- 
sre{s of the trial, yet enough having efcaped 
to {urnifh me with the following account of it, 
what I thall fer down, may, I hope, at leaft 
put you in the way of repairing my misfortune. 

Tuinkine it then probable, that ropes 
themfelves would confiderably imbibe, and dif- 
mifs the moifture of the air, and that fo, as 
to fhrink in rainy weather, though clogged 
with a weight faftencd at the lower end, I 
was difcouraged from attempting the following 
trial, by confidering, that che weight would 
{tretch the rope, and confequently hinder the 
prefumed effect of the air’s moifture to be per- 
ceived. For I fuppofed, that after a time, 
this unufual ftretch' of the rope would ceafe ; 
and when the weight, as fuch, could not 
lengthen it any more, it would then be capa- 
ble of being contracted or relaxed, according 
as the weather fhould be moift or dry, and fo 
afford me a kind of hygrofcope. Upon thefe 
grounds, I firft caufed a rope, that was about 
twenty or twenty-two yards in length, but of 
no great thicknefs, to have one of its ends 
f.ft-ned to an immoveable body at a conveni- 
ent height from the ground, and then caufed 
a pully to be fo faftened to another ftable body, 
at the diftance of cighteen, or twenty yards 
from the firft, that the rope, refting upon the 
pully, lay almoft horizontally. But to the end 
of that part of the rope, which from the pully 
reached within two or three foot of the ground, 
was faftened, by a ring, a leaden weight of at 
leaft fifty pound. To which was alfo faftened 
a light index placed horizontally, whofe end 
moved along an erected board, which, by tranf- 
verie lines, was clivided into inches, and parts 
of inches, reaching both a good way upwards 
and downwards, that the index might, within 
thofe bounds, have rodm to play up and down, 
according to the alterations of the weather. 


Ir-being then fummer, this trial was made 
in a garden, though partly under a pent-houfe, 
that the rope might be more expofed to the 
air, than it would have been within doors ; and 
two or three days, if I mif-remember not the 
time, were {pent, before the weight had brought 
the rope to the utmoft ftretch it was able to 
Give it, after which, it began manifeftly to 
fhrink, and lengthen, according to the wea- 
ther. And I find, in one of my notes, that 
once I looked, when I was ready to go to bed, 
upon the fufpended weight, and marked, how 
low it reached upon the divided board ; and 
that a great part of the night having been 
rainy, looking again about half an hour after 
eight in the morning, I found the cord fo 
fhrunk, that the weight was raifed above five 
inches,and yet the day growing dry and windy, 
and fometimes warm, the weight had at night 
{tretched the rope more than the moifture had 
contracted it the day before. 

AFTERWARDS having procured a far great- 
er weight, but therefore unapt to be near fo 
much raifed, I fubftituted it in the place of 
that formerly mentioned ; and having fuffered 
it to {tretch the rope as far as it could, I made 
and regiftered fome obfervations, two where- 
of having been preferved, I fhall tranfcribe 
them juft as I find them. 

June the 4th. Ar half an hour after nine 
of the clock at night, I looked upon the hun- 
dred pound weight, that hung at the bottom 
of the rope, the weather being then fair, and 
a mark being put at that part of the ere&ted 
board, where the bottom of the weight touch- 
ed; I perceived the fky, a while after, to grow 
cloudy and overcaft, but without rain ; where- 
fore, going to view the weight again, I found 
it to be rifen a quarter of an inch, or more, and 
looking on my watch, perceived there had pal- 
fed an hour and quarter fince the mark was made. 

June the 6th. Bzeine-not well yefterday, 
the weight was obferved by two of my fer- 
vants, and it then refted at the eleventh inch 
of the erected board. This morning, about 
eight of clock, I vifited it myfelf, and found 
it to be rifen about half a quarter of an inch 


above the eighth inch, the morning being 


cloudy, though the ground very dry and dufty. 
The weather being more overcatt, within fome- 
what lefs than an hour afterwards, I vifited 
the weight again, (fome fcattered drops of 
rain then beginning to fall) and found it to 
be rifen about half an inch above the newly- 
mentioned eighth mark. How much more 
the rope would have been contracted in fuch 
lafting moift weather, as ufually happens in 
winter, I cannot fay, having been reduced to 
break off the experiment, upon a removal, | 
was, long before that feafon, obliged to make. 

J am forry I cannot add my other obferva- 
tions; but thefe I hope may fuffice to let you 
fee, that the force of the air’s mouiture is not 
fmall, fince it could raife juch a weight as an 
hundred pound, elpecially conlidering the flen- 
dernefs of the rope it affected. For having 
meafured the diameter near the weight, I found 
it (as one of my notes informs me) to be but 


about the * third part of an inch. 
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EX CELLENC Y 


THEOLOG Y;, 


COMPARED WITH 


NATURAL PHILOSOPHY, 


(As both are Osjects of Men’s Srupy. ) 


DISCOURSED OF 
In a LETTER toa FRIEN DVD. 
TO WHICH ARE ANNEXED | 


Some Occafional ‘Thoughts about the ExcELLENcY and 
Grounps of the MECHANICAL HYPOTHESIS. 


The PUBLISHER’s ApveERTISEMENT tothe READER, 


7 HEN I fhall have told the reader, 
that the following difcourfe was writ- 
ten in the year 1665, while the 
author, to avoid the great plague, that then 
raged in London, was reduced, with many others, 
to go into the country, and frequently io pafs 
from place to place, unaccompanied with moft 
of his books ; it will not, I prefume, be thought 
{ftrange, that in the mention of fome things 
taken from other writers, as his memory fug- 
eefted them, he did not annex in the mar- 
gent the precife places, that are referred to. 
And upon the fame fcore, it ought not to 
feem ftrange, that he has not mentioned fome 
late difcoveries and books, that might have 
been pertinently taken notice of, and would 
well have accommodated fome parts of his 
difcourfe ; fince things, that may thus feem to 
have been omitted, are of too recent a date to 
have been known to him when he writ. But 
if it be demanded, why then a difcourfe fi- 
nifhed fo long ago, did not come abroad much 
fooner? I muft acquaint the reader, that it 
wa’ chiefly his real concern for the welfare of 
the ftudy he feems to depreciate, that kept 
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thefe papers fo long by him. For he refifted 
for feveral years the defires of perfons, that 
have much power with him, and fuppreffed 
the following difcourfe, whilft he feared it 
might be mifapplied by forne enemies to ex- 
perimental philofophy, that then made a noife 
againft it, without fufferinge thefe papers to 
come abroad, till the addreffes and encomiums 
of many eminent foreign virtuofi, and their de- 
fire to be admitted into the Royal Society, had 
fufficiently manifefted, how little its reputa- 
tion was prejudiced, or like to be endangered, 
by the attempts of fome envious or mifin- 
formed perfons. ‘And to this reafon muft be 
added the author’s backwardnefs to venture a- 
broad a difcourfe of an unufual nature, on 
which account, among others, he declined to 
have his name prefixed to it; though now 
the book ts printed, he finds caufe to fear, that 
it will not be long concealed; fince he meets 
with fome marginal references to other tracts 
of his, which (thefe papers having long lain 
by him) he forgot to have been fet down for 
private ufe, and which fhould not have been 
expofed to publick view. 
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temper of this age, and of the perfons, that 

are likelieft to be perufers of the following 
tract, as not to forefee it to be probable enough, 
that fome will afk, for what reafon a difcourfe 
of this nature was written at all; and that 
others will be difpleafed, that it has been writ- 
ten by me. 

T Hose, that would know, by what induce- 
ments my pen was engaged on this fubject, 
may be in great part informed by the epiftle it 
felf, in divers places whereof, as efpecially a- 
bout the beginning, and at the clofe, the mo- 
tives, that invited me to put pen to paper, are 
fufficiently expreffed. And though feveral of 
thofe things are peculiarly applied, and (if I 
may fo fpeak) appropriated to the perfon the 
letter is addreffed to ; yet that under-valuation, 
I would difiuade him from, of the ftudy of 
things facred, is not his fault alone, but 1s 
grown fo rife among many (otherwife ingeni- 
ous) perfons, efpecially fiudiers of phyficks, 
that I wifh the enfuing difcourfe were much 
Jefs feafonable than I fear it is. 

But idoubt, that fome readers, who would 
not think a difcourfe of this nature needlefs or 
ufelefs, may yet not be pleafed at its being 
written by one, whom they imagine the ac- 
ceptance his endeavours have met with, ought 
to oblige to {pend his whole time in culti- 
vating that natural philofophy, which in this 
letter he would perfuade to quit the preceden- 
cy, they think it may well challenge, before 
all other jorts of learning. 

I am not unfenfible of the favourable recep- 
tion, that the phiiofophical papers I have hi- 
therto ventured abroad, .have had the happi- 
nefs to receive from the curious: but I hope, 
they will not be difpleafed, if I reprefent, that 
I am no lecturer, or profeffor of phyficks, nor 
have ever engaged myfelf, by any promife 
made to the publick, to confine myfelf, never 
‘to write of any other fubject ; nor is it reafon- 
able, that what I did, or may write, to gra- 
tify other men’s curiofity, fhould deprive me 
of mine own liberty, and confine me to one 
 fubject ; efpecially, fince there are divers per- 
fons, for whom I have a great efteem and 
kindnefs, who think they have as much right 
to follicit me for compofures of the nature of 
this, that they will now have to go abroad, as 
the virtuofi have to exact of me phyfiological 
pieces. And though I be not ignorant, that, 
in particular, the following difcourfe, which 
feems to depreciate the ftudy of nature, may, 
at firft' fight, appear fomewhat improper for a 
perfon, tiiat has purpofely written to thew the 
excellence and ufefulnefs of it; yet I confeis, 
that upon a more attentive confideration of 
“the matter, I cannot reject, no, nor refift their 
reafons, who are of a quite differing judg- 
ment. - 

Awnpv 1. My condition, and my being a fe- 
cular perfon (as they fpeak) are looked upon 

Vor. Ul 


I AM not fo [little acquainted with the 


as circumftances, that may advantage an au- 
thor, that is to write upon fuch a fubject as I 
have handled. I need not tell you, that as to 
religious books in general, it has been obferv- 
ed, that thofe penned by lay-men, and efpe- 
cially gentlemen, have (ceteris paribus) been 
better entertained, and more effectual, than 
thofe of ecclefiafticks. - And indeed it is no 
great wonder, that exhortations to piety, and 
diffuafions from. vice, and from the lufts and 
vanities of the world, fhould be the more pre- 
valent for being preffed by thofe, who have, 
and yet decline, the opportunities to enjoy plen- 
tifully themfelves the pleafures they difluade 
athers from. And (to come yet clofer to our 
prefent purpofe) though I will not venture to fay 


with an excellent divine, that whatever comes — 


out of the pulpit, does with many pafs but for 
the foolifhnefs of preaching ; yet it cannot well 
be denied, but that if all other circumftances 
be equal, he is the fitteft to commend divinity, 
whofe profeffion it is not; and that it will 
{omewhat add to the reputation of almoft any 
ftudy, and confequently- to that of things di- 
vine, that it is praifed and preferred by thofe, 
whofe condition and courfe of life exempting 
them from being of any particular calling in the 
common-wealth of learning, frees them from 
the ufual temptations to partiality to this or 
that fort of ftudy, which others may be en- 
gaged to magnify, becaufe it is their trade or 
their intereft, or becaufe it is expected from 
them; whereas thefe gentlemen are obliged to 


commend it, only becaufe they really love and _ 


value it. 

But there is another thing, that feems to 
make it yet more fit, that a treatife on fuch a 
fubject fhould be penn’d by the author of this: 
for profeffed divines are fuppofed to be bufied 
about ftudies, that even, by their being of an 
higher, are confeffed to be of another nature, 
than thofe, that treat of things corporeal. And 
fince it may be obferved, that there is fcarce 
any fort of learned men, that is more apt to 
undervalue thofe, that are verfed only in other 
parts of knowledge, than many of our mo- 
dern naturalifts, ( who are confcious of the ex- 
cellency of the fcience they cultivate,) it is 
muth to be feared, that what would be faid 
of the pre-eminences of divinity above phy- 
fiology, by preachers (in whom the ftudy of 
the latter is thought either but a preparatory 
thing, or an excurfien) would be looked upon 
as the decifion of an incompetent, as well as 
interefted judge; and their undervaluations 
of the advantages of the ftudy of the creatures 
would be (as their depreciating the enjoyment 
of the creatures too often 1s,) thought to pro+ 
ceed but from their not having had fufficient 
opportunities to relifh the pleafures of them. 
But thefe prejudices will not lie againit a per- 
fon, who has made the indagation of nature 
fomewhat more than a pareryon, and having, 
by a not-lazy, nor fhort enquiry, manifelted, 
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how much he loves and can relifh the delight 
it affords, has had the good fortune to make 
fonie difcoveries in it, and the honour to have 
thm publickly, and but too complimentally, 
taken notice of by the virtuofi. And it may 
be not impertinent to add, that thofe, who 
make natural philofophy their muiftrefs, will, 
probably, be the lefs offended to find her in 
this tract reprefented, if not as an handmaid to 
divinity, yet as a lady of a lower rank ; be- 
caufe the inferiority of the ftudy of nature is 
maintained by a perfon, who, even whilft he 
aflerts it, continues, if not a paffionate, an af- 
fiduous courter of nature: fo that, as far as 
his example can reach, it may fhew, that as on 
the one fidea man need not be acquainted with, 
or unfit to relifh the lIeffons taught us in the 
book of the creatures, to think them lefs ex- 
cellent than thofe,-that may be learned in the 
book of the fcriptures; fo on the other fide, 
the preference of this laft book is very confiftent 
with an high efteem and an affiduous ftudy of 
the firit. 

Ann if any fhould here object, that there 
are fome paffages, which | hope are but very 
few, that feem a little too unfavourable to the 
ftudy of natural things; I might alledge for 
my excufe the great difficulty, that there muft 
be in comparing two forts of ftudies, both of 
which aman much efteems, fo to behave one’s 
felf, as to fplit a hair between them, and ne- 
ver offend either of them: but I will rather re- 
prefent, that in fuch kind of difcourfes, as the 
enfuing, it may juftly be hoped, that equita- 
ble readers will confider, not only what is faid, 
but on what occafion, and with what defign it 
is delivered. Now it is plain by the feries of 
the following difcourfe, that the phyfeophilus, 
whom it moft relates to, was by me looked 
upon as a perfon, both very partial to the ftu- 
dy of nature, and fomewhat prejudiced againft 
that of the fcripture; fo that I was not always 
to treat with him, as with an indifferent man, 
but according to the advice given in fuch 
cafes by the wife, I was (to ufe Ariffotle’s ex- 
preffion) to bend the crooked ftick the contra- 
ry way, in order to the bringing it to be 
ftrait, ‘and to depreciate the ftudy of nature 
fomewhat beneath its true value, to reduce a 
great over-valuer to a juft eftimate of it. And 
to gain the more upon him, I allowed myfelf 
now and then to make ufe of the contempt he 
had of the peripatetick and vulgar philofophy, 
and in fome paffages to fpeak of them more 
flightingly, than my ufual temper permits, 
and than I would be foward to do on another 
occafion ; that, by fuch a complaifance for his 
opinions, I might have’ rifes to argue with 
him from them, 
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BuT to return to the motives, that were al- 
Iedged to induce me to the publication of 
thefe papers, though I have not-named them 
all, yet all of chem together would fcarce have 
proved effectual, if they had not been made 
more prevalent by the juft indignation I con- 
ceived, to fee even inquifitive men depreciate 
that kind of knowledge, which does the moftt 
elevate, as well as the moft blefs, mankind, 
and look upon the nobleft and wifeft employ- 
ments of the underftanding, as figns of weak- 
nefs in it. 

Ir isnot, that I expect, that whatever can 
be faid, and much lefs what I have had occa- 
fion to fay here, will make profelytes of thofe, 
that are refolved again{ft the being made fo, 
and had rather deny themfelves the excellenteft 
kinds of knowledge, than allow, that there can 
be any more excellent, than what they think 
themfelves mafters-ef: but I defpair not, that 
what is here reprefented, may ferve to fortify 
ina high efteem of divine truths thofe, that 
have already a juft veneration for them, and 
preferve others from being feduced by injuri- 
ous, though fometimes witty infinuations, to 
undervalue that kind of knowledge, that is 
as well the moft excellent in itfelf, as the moft 
conducive to man’s happinefs. And for this 
reafon I am the lefs difpleafed to fee, that the 
following letter is {welled to a bulk far greater 
than its being but a letter promifes, and than 
I firft intended. For I confefs, that when 
the occafion happened, that made me put pen 
to paper, as I chanced to be in a very unfet- 
tled condition (which I fear has had too much 
influence on what I have written) fo I did not 
defign the infifting near fo long upon my 
{ubject as I have done; but new things {pring- 
ing up, if I may fo fpeak, under my pen, I 
was content to allow them room in my paper, 
becaufe writing as well for my own fatisfaction, 
as for that of my friend, I thought it would 
not be ufelefs to lay before my own eyes, as 
well as his, thofe confiderations, that feemed 
proper to juftify to myfelf, as well as to him, 
the preference I gave divine truths (before 
phyfiological ones) and to confirm myfelf in 
the efteem I had for them. And though I 
freely confefs, that the following difcourfe doth 
not confift of nothing but ratioctnations, and 
confequently is not altogether of an uniform 
contexture; yet that will, I hope, be thought 
no more than was fit in a difcourfe, defigned 
not only to convince, but to perfuade: which 
if it prove fo happy as to do, as] hope the 
perufer will have no caufe to regret the trou- 
ble of reading it, fo I fhall not repent that of 
Writing it, . 
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to doubt in good earneft, how I relifhed 
the difcourfe your learned friend enter- 
tamed us with yefter-night. And Iam the 
more troubled at your queftion, becaufe your 
way of enquiring, how much your friend’s dif- 
courfe obtained of my approbation, gives me 


ee you had known me better, than 


caufe to fear, that you vouchfafe it more of 


yours than J could wifh it. But before I can 
fafely offer you my fenfe of the difcourfes, a- 
bout which you defire to know it, I muft put 
you in mind, that they were not all upon one 
fubyect, nor of the fame nature: and I am 
enough his fervant to acknowledge, without 
the leaft reluctancy, that he is wont to 
fhew a great deal of wit, when he fpeaks 
hke a naturalift, only of things purely phy- 
fical; and when he ts in the right, feldom 
wrongs a good caufe by his way of managing 
it. Burt as for thofe paffages, wherein he gave 
himfelf the liberty of difparaging the learned 
Dr. N. only becaufe that doctor cultivates theo- 
Jogical, as well as phyfical ftudies, and does 
both oftentimes read books of devotion, and 
fometimes write them; I am not fo much a 
courtier, as to pretend, that I liked them. ’Tis 
true, he did not deny the doétor to be a learn- 
ed, and a witty man, as indeed the wife provi- 
dence of God has fo ordered it, that to ftop the 
bold mouths of fome, who would be eafily 
tempted to imagine, and more eafily to give 
out, that none are philofophers, but fuch as, 
like themfelves, defire to be nothing : elfe our 
nation is happy in feveral men, who are as emi- 
wnent for humane, as ftudious of divine learning, 
and as great a veneration as they pay to Mo/es, 
and St. Paul, are as well verfed in the doétrine 
of Ariffotle, and of Euclid ; nay, of Epicurus 
and Des Cartes too, as thofe, that care not to 
{tudy any thing elfe. But though, for this rea- 
fon, Mr. N. had not the confidence to defpife 
the doctor, and fome of his refemblers, whom 
he took occafion to mention; yet he too plain- 
ly difclofed himfelf to be one of thofe, who, 
though they will not deny, but that fome, who 
own a value for theology, are men of parts; 
yet they talk, as if fuch perfons were fo, in 
fpight of their being religioufly given; that be- 
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ing, in their opinion, fuch a blemifh, that a 
man muft have very great abilities otherwife, 
to make amends for the difadvantage of valu- 
ing facred ftudies, and furmount the difparage- 
ment it procures hin. Wherefore, fince this 
difdainful humour begins to fpread, much more 
than I could with it did, among different forts 
of men, among whom I fhould be glad not to 
find any naturalifts ; and fince the queftion you 
afked me, and the efteem you have for your 
friend, makes me fear you may look on it with 
very favourable eyes; I fhall not decline the 
Opportunity you put into my hands of giving 
you, together with a profeffion of my diflike 
of his practice, fome of my reafons for that 
diflike; and the rather, becaufe I may do it 
without too much exceeding the limits of an 
epiftle, or thofe which the hafte, wherewith I 
muft write this, does prefcribe to me. For 
your friend does not oppofe, but only under- 
value theology ; and profeffing to believe the 
fcriptures, (which I fo far credit, as to think he 
believes himfelf when he fays fo) we agree up- 
on the principles: fo that J am not to difpute 
with him, as againft an atheift, that denies the 
author of nature, but only againft a naturalift, 
that over-values the ftudy of it. And the truths 
of theology are things, which I need not bring 
arguments for, but am allowed to draw argu- 
ments from them, 

Bu T though, as J juft now intimated, I de- 
fign brevity ; yet, for fear the fruitfulnefs, and 
‘importance of my fubject, fhould fuggeft things 
enough to me, to make fome little method re- 
quifite to keep them from appearing confufed ; 
I fhall divide the following epiftle into two 
diftinct parts. In the former of which, I fhall 
offer you the chief pofitive confiderations, by 
which I would reprefent to you the ftudy of 
divinity, as preferable to that of phyfick : And, 
in the fecond part, I fhall confider the allega- 
tions, that I forefee your friend may interpofe, 
in favour of natural philofophy. From which 
diftribution you will eafily gather, that the mo- 
tives on the one hand, and the objections on 
the other, will challenge to themfelves diftinét 
fections, in the refpective parts whereto they, be- 
long. So that, of the order of the particulars 
you will meet with, I fhall not need to trouble 
you with any further account. 
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THE FIRST PART. 


TT O addrefs myfelf then, without any 
farther circum{tance, or preamble, to 
the things themfelves, that I mainly in- 
tend in this difcourfe, I confider in the general, 
that as thete are fcarce any motives accounted 
fitter to engage a rational man in a ftudy, than 
that the fubject is noble, that it is his duty to 
apply himfclf to it, and that his proficiency in 


may (inculpably) defpife, or be fo much as ful- 

ly fufficient for. Not only the fcripture tells 

us, That his greatnefs is incomprehentible, and Pfal. exlv. 
his wifdom 1s inicrutable; That he humbles pr qay,i. 
himfelf to look into (or upon) the heavens and «. 

the earth ; and, That not only this, or that Pf-cxiii.6. 
man, but all the nations of the world are, in [fa x. 15. 


it will bring him great advantages ; fo thcre is 
not any of thefe three inducements, that does 
not concur, in a very plentiful meafure, to re- 
commend to us the ftudy of theological truths. 


SECTION I. 


“A ND firft, the excellency and fublimity of 

the object we are invited to contemplate, 
is fuch, that none, that does truly acknowledge 
a deity, can deny, but that there js no fpecula- 
tion, whofe object,is comparable, in point of 
noblenefs, to the nature and attributes of God. 
The fouls of inquifitive men are commonly fo 
curious, to learn the nature and condition of 
fpirits, as that the over-greedy defire to difcover 
3 much, as that there are other fpiritual fub- 
ftances, befides the fouls of men, has prevailed 
with too many to try forbidden ways of attain- 
ing fatisfaction; and many have chofen, rather 
to venture the putting themfelves within the 
power of dzemoys, than remain ignorant whe- 
ther or no there are any fuch beings: as I have 
Jearned by the private acknowledgments made 
me of fuch unhappy (though not unfuccefsful) 
attempts, by divers learned men, (both of other 
profeffions, and that of phyfick,) who them- 
felves made them in differing places, and were 
perfons neither timorous, nor fuperftitious: (but 
this only upon the by.) And certainly that 
man mult have as wrong, as mean a notion of 
the deity, and muft but very little confider the 
nature and attributes of that infinitely perfedct 
Being, and as little the nature and infirmities 
of man, who can imagine the divine perfcc- 
tions to be fubjects, whole inveftigation a man 


comparifon of him, but like the fmall drop of 
a bucket, or the fmaller dult of a balance: 
but even the heathen philofopher, who wrote 
that eloquent book de Mundo, afcribed to Ari- 
ftotle in his riper years, fpeaks of the power, 
and wifdom, and amiablencfs of God, in terms 
lictle lefs lofty, though neceffarily inferior to 
fo infinitely fublime a fubject ; which they, thae 
think they can, efpecially without revelation, 
fuficiently underftand, do very little under- 
{tand them{clves., 

But perhaps your friend will object, that, 
to the knowledge of God there needs no 
other than natural theology; and I readily 
confefs, being warranted by an apoftle, that 


the qwrt cs ©. Was not unknown to the hea- Rom.i.1g. 


then philofophers ; and that fo much know- 
ledge of God 1s attainable by the Jight of na- 
ture, duly employed, as to encourage men to 
exercife themifelves, more than moft of them 
do, in that nobleft of ftudies, and render their 
being no proficients in it, injurious to them- 
felves, as well as to their maker. Bue notwith- 
ftanding this, as God knows himfelf infinitely 
better than purblind man knows him, fo the 
informations he is pleafed to vouchfafe us, touch- 
ing his own nature, and attributes, are exceed- 
ingly preferable to any account, that we can 
give ourfelves of him, without him. And, me- 
thinks, the differing profpeéts we may have of 
heaven, may not ill adumbrate to us the dif- 
fering difcoverics, that may be made of the at- 
tributes of its maker, For as though a man 
may, with his naked eye, fee heaven to be a 
very glorious object, enobled with radiant ftars 
of ieveral forts; yet, when his cye is affifted 
with a good telefcope, he cannot only difcover 
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a number of ftars, (fixed and wandering,) which 
his naked eye would never have fhewn him ; 
but thofe planets, which he could fee before, 
will appear to him much bigger, and more di- 
{tinct : fo, although bare reafon, well improv- 
ed, will fuffice to make a man behold many 
glorious attributes in the deity yet the fame 
reafon, when affifted by revelation, may enable 
aman to difcover far more excellencies in God, 
and perceive them, he contemplated before, 
far greater and more diftinétly. And to fhew 
how much a dim eye, illuminated by the fcrip- 
tures, 1s able to difcover of the divine per- 
fections, and how unobvious they are to the 
tnof{t piercing philofophical eyes, that enjoy 
but the dim hght of nature ; we need but con- 
fider, how much more fuitable conceptions 
and expreffions concerning God are to met 
with in the writings of thofe fifhermen and 
others, that penned the new teftament, and 
thofe illiterate Chriftians, that received it, than 
amoneft the moft civilized nations of the world 
(fuch as anciently the Greeks and Romans, 
and now the Chinefes and Eaft-Indians) and 
among the eminenteft of the wife-men and 
philofophers themfelves, (as Ariftotle, Homer, 
Hefiod, Epicurus, and others.) 

Bestpes that the book of fcripture dif- 
clofes to us much more of the attributes of 
God, than the book of nature, there is another 
object of our ftudy, for which we mutt be en- 
tirely beholden to theology: for though we 
may know fomething of the nature of God by 
the light of reafon, yet we muft owe the know- 
ledge of his will, or pofitive laws, to his own 
revelation. And we may guefs, how curious 
great princes and wife men have been to inform 
themfelves of the conftitutions eftablifhed by 
wife and eminent legiflators ; partly by the fre- 
quent travels of the ancient fages and philofo- 
phers into foreign countries, too bferve their laws 
and government, as well as bring home their 
learning ; and partly by thofe royal and fump- 
tuous expences, at which that great and learned 
monarch Prolomeus Philadelpbus ftuck not to 
procure an authentick copy of the law of Mo/es, 
whom he confidered but as an eminent legifla- 
tor. But certainly that, and other laws re- 
corded in the bible, cannot but appear more 
noble and worthy objects of curtofity to us 
Chriftians, who know them to proceed from an 
omnifcient deity, who being the author of man- 
kind, as well as of the reft of the univerfe, can- 
not but have a tar perfecter knowledge of the 
nature of man, than any other of the law-givers, 
or all of them put together can be conceived 
to have had. 

But there is a farther difcovery of divine 
maiters, wherewith we are alfo gratified by 
theology: for befides what the fcripture teaches 
us of the nature and the will of God, it contains 
divers hiftorical accounts (if I may fo call them) 
of his thoughts and actions. The great Alex- 
ander thought himfclf nobly employed, when 
he read the Grecian actions in Homer’s verfes ; 
and, to know the fentiments of great and wife 
perions upon particular occafions, is a curio- 
fity fo audible, and fo worthy of an inquifitive 
foul, that the fouthern queen has been more 


praifed than admired, for coming from the 
remoter parts of the earth, to hear the wildom 
of Solomon. Now the fcripture does in many 
places give our curiofity a nobler enployment, 
and tuereby a higher fatistaétion, than the king 
of Macedon, or the queen of Sheba could enjoy ; 
for in many places it does, with great clearnefs 
and ingenuity, give us accounts of what God 
himfelf hath declared of his own thoughts, of 
divers particular perfons and things, and relates, 
what he, that knows and commandsall things, 
was pleafed to fay and do upon particular occa- 
fions. Of this fort of paflages are the things re- 
corded to have been faid by Godto Noad, about Genet. vi. 
the finful world’s ruin, and that juft man’s prefer- 
vation ; and to Mo/es in the cafe of daughters Numb. 
of Zelophebad. And of this fort are the con-*%vil. 7. 
ferences, mentioned to have paffled betwixt 
God and <Abimelech, concerning Abrabam’s Gener. 
Wife ; betwixt God and Abrabam, touching xx. 
the deftruction of Sodom; betwixt God and Gener 
Solomon, about that king’s happy choice; bé-aviii. 
twixt God and Jonah, about the fate of the! Kings 
greateft city of the world: and above ali thefe, foal - 
thofe two ftrange and matchlefs paflages, the 
one in the firft book of Kéags, touching the, Kings 
feducing fpirit, that undertook to feduce Abad’s xxii. from 
prophets 3; and the other, that yet more wonder- Yer. 19- 
ful relation of what paffed betwixt God and Sa-Py°r 74" 
tan, wherein the deity vouchfafes, not only to6, 7, &c. 
praife, but (if I may fo fpeak with reverence) Job ii. 3. 
to glory ina mortal. And the being admitted 
to the knowledge of thefe tranfactions of ano- 
ther world, (if I may fo call them) wherein God 
has been pleafed to difclofe himfelf fo very 
much, is an advantage afforded us by the fcrip- 
ture, of fo noble a nature, and fo unattainable 
by the utmoft improvement we ourfelves can 
make of our own reafon, that, did the fcripture 
contain nothing elfe, that were very confider- 
able, yet that book would highly deferve our 
curiofity and gratitude. 

Awnp on this occafion, I muft by no means 
leave unobferved another advantage, that we 
have from fome difcourfes made us inthe bible, 
{ince it too highly concerns us, not to be a very 
creat one; and it Is, that the {cripture declares 
to us the judgment, that God is pleafed to 
make of fome particular men, upon the efti- 
mate of their life and deportment. For though 
reafon alone, and the grounds of religion in 
general, may fatisfy us in fome meafure, that 
God ts good and merciful, and therefore it is 
likely he may pardon the fins and frailties of 
men, and accept of their imperfect fervices ; 
yet befides that we do not know, whether 
he will pardon, unlefs we have his promife of 
it; befides this, (J fay) though by vertue of 
general revelation, fuch as is pretended to ih 
divers religions, we may be affured, that God 
will accept, forgive, and reward thofe, that 
fincerely obey him, and perform the conditions See Heb. 
of the covenant, whether it be exprefs, or 1m-V.9- 
plicite, that he vouchfafes to make with them er 
yet fince it is he, that is the judge of the per- ae 
formance of the conditions, and of the fincerity 
of the perfon; and fince he is omnifcient, and 
a Kaghoydens and fo may know more ill of us, A&si. 21. 
than even we know of ourfelves ; a concerned 
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God’s eftimate any particular man was fo 
fincere as to be accepted. But when he him- 
felf is pleafed to give elogiums (if I may with 
due refpect fo ftyle them) to David, Fob, 
Noah, Daniel, &c. whilft they were alive, 
and to others after they were dead, (and con- 
fequently having finifhed their courfe, were 

affed into an irreverfible ftate) we may learn 
with comfort, both that the performance of 
fuch an obedience, as God will accept, is a 
thing really practicable by men; and that 
even great fins and mifdemeanors are not (if 
feafonably repented of) certain evidences, that a 
man fhall never be happy in the future life. And 
it feems to be for fuch an ufe of confolation to 
frail men, (but not at all to encourage licen- 
tious ones) that the lapfes of holy perfons are 
fo frequently recorded in the fcriptures. And 
bating thofe divine writings, I know no books 
in the world, nor all of them put together, 
that can give aconfidering Chriftian, who has 
due apprehenfions of the inexpreffible happinefs 
or mifery of an immortal ftate in heaven or in 
hell, fo great and well grounded a confolation, 
as may be derived from three or four lines in 
St. Fohn’s apocalypfe, where he fays, “* That 
‘¢ he faw in heaven a great multitude, not to 
‘© be numbered of all nations, and tribes, and 
«© people, and tongues, ftanding before the 
‘¢ throne; and before the lamb, clothed in 
‘¢ white robes, with palms (the enfigns of 
‘© victory) in their hands ;”? and the praifes of 
God and of the Jamb in their mouths. For 
from thence we may learn, that heaven is not 
referved only for prophets, and apoftles, and 
martyrs, and fuch extraordinary perfons, whofe 
fanctity the church admires, but that, through 
God’s goodnefs, multitudes of his more im- 
perfect fervants have accefs thither. 

TuouGs the infinite perfections and prero- 
gatives of the deity be fuch, that theology 
itfelf can, no more than philofophy, afford us 
another object for our ftudies, any thing near 
fo fublime and excellent, as what it difclofes 
to us of God; yet divinity favours us with 
fome other difcoveries, namely, about angels, 
the univerfe, and our own fouls, which, though 
they muft needs be inferior to the knowledge 
of God himfelf, are, for the noblenefs of their 
objects, or for their importance, highly pre- 
ferable to any, that natural philofophy has 
been able to afford its votaries. 

But before I proceed to name any more 
particulars, difclofed to us by revelation, it 
will be requifite, for the prevention or re- 
moval of a prejudice, to mind you, that we 
fhould not make our eftimates of the worth of 
the things we owe to revelation, by the im- 
pre they are wont now to make upon us 
chriftians, who learned divers of them in our 
catechiftns, and perhaps have feveral times 
met with moft of the reft in fermons, or theo- 
logical books. For it is not to be admired, 
that we fhould not be ftrongly affected at the 
mention of thofe truths, which (how valuable 
foever in themfelves) were for the moft part 
taught us when we were either children, or 
too youthful to difcern and prize their excel- 
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lency and importance. So that though after 
wards they were prefented to our riper under- 
ftanding, yet their being by that time become 
familiar, and our not remembeting, that we 
ignored them, kept them from making any 
vigorous impreffions on us, Whereas, if the 
fame things had been (with circumftances evin- 
cing their truth) difcovered to fome heathen 
philofopher, or other vertuous and inquifitive 
man, who valued important truths, and had 
nothing but his own reafon to attain them with, 
he would queftionlefs have received them with 
wonder and joy. Which to induce us to fup- 
pofe we have fundry inftances, both in the 
records of the primitive times, and in the 
recent relations of the converfion ef men to 
Chriftianity among the people of China, Fapan, 
and other literate nations. For though bare 
reafon cannot difcover thefe truths, yet when 
revelation has once fufficiently propofed them 
to her, fhe can readily embrace, and highly 
value divers of them ; which being here inti- 
mated once for all, I now advance to name 
fome of the revelations themfelves. 

Awp firft, as.for angels, I will not now quef- 
tion, whether bare reafon can arrive at fo much 
as to affure us, that there are fuch beings in 
rerum natura. For though reafon may affure, 
that their exiftence is not impoffible, and per- 
haps too, not improbable ; yet I doubt, whe- 
ther *twere to meer ratiocination, or clear ex- 
perience, or any thing elfe but revelation, con- 
vey’d to them by imperfeét tradition, that thofe Matth. 
heathen philofophers, who believed, that there Dan. i. 
were feparate {pirits other than humane, owed 10. 
that perfuafion; and particularly as to good Joh- + 3- 
angels, I doubt, whether thofe antient fages hady.ie +. 
any cogent reafons, or any convincing hiftorical 3¢, 36. 
proofs, or, in fhort, any one unqueftionable e-Col. i. 16. 
vidence of any kind, to fatisfy a wary perfon fo Man 
much as of the being (much lefs to give a far- Mark” " 
ther account) of thofe excellent fpirits. Where- xiii. 32. 
as theology is enabled by the fcripture to inform Matth. 
us, that not only there are fuch fpirits, but atgyi>s 
vaft multitude of them ;. that they were made Matth 
by God and Chrift, and are immortal, and pro-vi. 10. 
pagate not their fpecies; and that thefe fpirits?,°?™- 
have their chief refidence in heaven, and enjoy ‘Mark sail. 
the vifion of God, whom they conftantly praife, 32. 
and punctually obey, without having finned a- 2 King. 
gaint him ; that alfo thefe good angels are very 74335 
intelligent beings, and of fo great power, thativ. 16. 
one of them was able in a night to deftroy a vaft Jude ix. 
army; that they have degrees among them-#". * 
felves, are enemies to the devils, and fight a-@) 416. 
gainft them ; that they can affume bodies fhaped Revel. 
like ours, and yet difappear in a trice ; that they Xi. 7- 
are fometimes employed about human affairs, “3° 

, 7185 9,10. 

and that not only for the welfare of empires and Dan x. 
kingdoms, but to protect and refcue fingle good 13. _ 
men. And though they are wont to appear in a“¢ts 1. 
dazling fplendor, and an aftonifhing majefty, » Kings 
yet they are all of them miniftring {pirits, em-vi. 17. 
ployed for the good of the defigned heirs of Luke 
falvation, And they do not only refufe men’s" +... 
adoration, and admonifh them to pay it unto 3 — 
God ; but, as they are ina fenfe made by Jefus Heb. i.14. 
Chrift, who was true man as well as God; fo Rev: xix. 
they do not only worfhip him, and call him fim- Rev. xxii. 
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that though they beget and promote confufion 
among men, yet they have fome order among 


Matth. ply, as his own followers were wont to do, the out of nothing. Thofe, that a{cribe much more 
xxvili-6. (Lord, but ftile themfelves fellow fervants to his to God than .drsftotle, make him to have given 
Rev. xix. difciples. form only, not matter to the world, and to have 
oe Anp as for the other angels, though the but contrived the pre-exiftent matter into this 

Gentiles, as well philofophers as others, were orderly fyftem we call the univerfe. _ | 

commonly fo far miftaken about them, as to Next, whereas very many of the philofo- 

adore them for true gods, and yet many of them _ phers, that fucceeded Arifotle, fuppofe the world 
Joh.i.3. to doubt whether they were immortal; the to have been eternal ; and thole, that believed it 
Colof. i. fcripture informs us, that they are not {elf-ori- to have been produced, had not the confidence 
16. ginated, but created beings, that however a to pretend to the knowing how old it was; 
era ereat part of mankind worfhip them, they are unlefs 1t were fome extravagant ambitious }:20- 
Luke iv. wicked and impure fpirits, enemies to mankind, ple, fuch as thofe fabulous Chaldeans, whofe 
: 33. .. and feducers of our firft parents to their ruin; fond acccount reached up to forty thoufand or 

Ou, Vill. 


fifty thoufand years: theology teaches us, that 
the world is very far from being fo old by thirty 


2Cor.xi. themfelves, as having one chief, or leader ; that or forty thoufand years as they, and by very 

_ they are evil fpirits, not by nature, but apof- many ages, as divers others have prefumed : 
sie **9" tacy ; that their power is very limited, in- and does, from the {cripture, give lis fuch an 
Math: fomuch that a legion of them cannot invade fo account of the age of the world, that it has fet 
xxv. 41. contemptible a thing as a herd of fwine, with- us certain limits, within which fo long a dura- 
t Joh. 14. out particular leave from God; that not only tion may be bounded, without miftaking in our 
i; de 6, good angels, but good men, may, by refifting reckoning. Whereas philofophy leaves us to 
Mark v. them, put them to flight, and the fincere Chrif- the vaftnefs of indeterminate duration, without 
9, 10,13. tians, that worfted them here, will be among any certain limits at all. 
J ie -7- thofe, that fhall judge them hereafter ; that their Tue time likewife, and the order, and di- 
eae being immortal, will make their mifery fo too; vers other circumftances of the manner, where- 
Matth. that they do themfelves believe, and tremble at in the fabrick of the world was compleated, 
xxv. 41. thofe truths, they would perfuade men to reject; we owe to revelation ; bare reafon being evi- 
Jam. 1. ond that they are fo far from being able to con- dently unable to inform us of particulars, that 
Pek 4. fer that happinefs, which their worfhippers ex- preceded the origin of the firft man; and 
Jude 6.13. pect from them, that themfelves are wretched though I do not think religion fo much con- 
Matth. creatures, referved in chains of darknefs to the cerned, as many do, in their opinion and practife, 
XXV. 41. 


judgment of the great day, at which they fhall 
be doomed to fuffer everlafting torments, in the 
company of thofe wicked men, that they fhall 
have prevailed on. | 

We may farther confider, that as to things 
corporeal themfelves, which the naturalift chal- 
lenges as his peculiar theme, we may name par- 
ticulars, and thofe of the moft comprehenhfive 
nature, and greateft importance, whofe know- 
ledge the naturalift muft owe to theology. Of 
which truths I fhall content my felf to give a few 
inftances in the world itfelf, or the univerfal 
aggregate of things corporeal ; that being looked 
upon as the nobleft and chiefeft objeét, that 
the phyficks afford us to contemplate. 

Anpb firft, thofe that admit the truths tre- 
vealed by theology, do generally allow, that 


' God 1s not only the aiithor, but creator of the 


world. Iam not ignorant of what Avaxagoras 
taught, of what he called &; — (and Tully men- 
tions) in the production of the world ; and that 
what many other Grecians afterwards taught of 
the world’s eternity, is peculiarly due to Arifto- 


that would deduce particular theorems of na- 
tural philofophy from this or that expreffion of 
a book, that feems rather defigned to inftrué&t 
us about fpiritual than corporeal things. I fee 
no juft reafon to embrace their opinion, that 
would fo turn the two firft chapters of Genefis, 
into an allegory, as to overthrow the literal and 
hiftorical fenfe of them. And though I take 
the fctiptuire to be mainly defigned to teach us 
nobler and better truths, than thofe of philo- 
fophy ; yet I am not forward to condemn 
thofe, who think the beginning of Genefis 
contains divers particulars, in reference to the 
origin of things, which though not unwarily, 
or alone to be urged in phyficks, may yet af- 
ford very confiderable hints to an attentive and 
inquifitive perufer. a 

Aan D as for the duration of the world, which 
was by the old philofophers held to be inter- 
minable, and of which the Stoicks opinion, 
that the world fhall be deftroyed by fire, (which 
they eld from the Hews) was phyfically pre- 
carious ; theology teaches us exprefsly from 


ALI 


tle, who does little lefs than brag, thar all the 
philofophers that preceded him were of another 
mind. Nor will I here examine (which I elfe- 
where do) whether, and how far, by arguments 
meerly phyfical, the creation of the world may 
be evinced. But whether or no meer natural 
reafon can reach fo fublime a truth, yet it feems 


divine revelation, that the prefent courfe of na- T pbx 
ture fhall not laft always, but that one day this ris ysé- 
world, or at leaft, this vortex of ours, fhall 7%: Jam. 
eithér be abolifhed by annihilation, or, which ‘7’ ”” 
feems far more probable, be innovated, and, as it 

were, transfigured, and that, by the interven- , pe. ji 
tion of that fire, which fhall diffolve and de- 4, 10, 13. 


not, that it did actually, where it was not excited 
by revelation-difcovery. For though many of 
the ancient philofophers believed the world to 
have had a beginning, yet they all took it for 
granted, that matter had none; nor does any 
of them, that I know of, feem to have fo much as 
imagined, that any fubftance could be produced 


{troy the prfent frameof nature: fo that either 
way, the prefent ftate of things, (as well na- 
tural as political) fhall have an end. 

AnD as theology affords us thefe informa- 
tions about the creatures in general; fo touch- 
ing the chiefeft and nobleft of the vifible ones, 
men, revelation difcovers very plainly divers 


very 
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very important things, where reafon muft 
needs be in the dark. 

Awp firft, touching the body of man; the 
Epicurcans attributed its original, as that of all 
things clfe, to the cafual concourfe of atoms ; 
and the Stoicks abfurdly and injurioufly enough 
(but much more pardonably than their fol- 
lower herein, Mr. Hofees) would have men 
to {pring up like mufhrooms out of the ground; 
and whereas other philofophers maintain con- 
ceits about it, too wild to be here recited; the 
book of Genefs affures us, that the body of 
man was firft formed by God in a peculiar man- 
ner, of aterreftrial matter ; and it is there de- 
{cribed, as having been perfected before the 
foul was united to 1. And as theology thus 
teaches us, how the body «7 man had its firft 
beginning ; foit likewife affixes us, what fhall 


me leave to tell you, that befides that a mat. 
ter of that weight and concernment cannct be 
too well proved, and confequently ought to 
procure a welcome for all good mediums of 
probation ; befides this, I fay, I coubt many 
Cartefians da, as well as others, miftake both 
the difficulty uncer confideration, and the {cope 
of Des Cartes’s difcourle. For I grant, that 
by natural philofophy alone, the immortality of 
the foul may be proved againft its ufual enemies 
Atheifts and Epicureans. For the ground, up- 
on which thefe men think it mortal, beine, 
that iris not a true fubftance, but only a mo- 
dification of the body, which confequently 
mult perith, when the frame or ftru&ure of the 
boily, whereto it belongs, is diffolved ; their 
ground being this, I fay, if we can prove, by 
fome intcectual operations of the rational foul, 


Acts become of the body after death, though bare which matter, however modified, cannot reach, 
xxIV- T5* natural reafon will fcarce be pretended to reach hat it is a fubftance diftinét from the human 
to fo abftrufe and difficult an article as that of body,thereisno reafon, why the diffolution of the 
Aas a refurrection ; which, when propofed by St. latter fhould infer the deftruction of the for- 
xvii. 20, Paul, produced among the Athenian philofo- mer, which isa fimple fubftance, and as real a 
32. phers nothing elfe but wonder or laughter. fubftance as matter it felf, which yet the adver- 
Not to mention, that theology teaches us {aries affirm to be indeftructible. But though 
divers other things about the origin and con- by the mental operations of the rational joul, 
Benth dition of men’s bodies ; as, that all mankind and perhaps by other mediums it may, again{t 
Aas 18 the offspring of one man and one woman ;_ the Epicureans, and other mere naturalifts, who 
xvii. 26. that the firft woman was not made of the fame will not allow God to have any thing to do in 
matter, nor after the fame manner as the firft the cafe, be proved to be immortal in the fenfe 
man, but was afterwards taken from his fide; newly propofed; yet the fame proofs will not 
Gen. ii, that both Adem and Eve were not, as many evince, that abfolutely it fhall never ceafe to be, 
21, 22. Epicureans and other philofophers fancied, if we difpute with philofophers, who admit, 
that the firft men were firftinfants ; whence they asthe Cartefians and many others do, that God 
did, as we do, grow by degrees, to be mature is the fole creator and preferver of all things. 
and compleat human perfons, but were made For how are we fure, but that God may have fo 
Aas xxv. fo all at once ; and that hereafter, as all mens ordained, that though the foul of man, by the 
15. bodies fhall rife again, fo they fhall all (or at continuance of his ordinary and upholding 
Luke a leaft, all thofe of the juft) be kept from ever concourfe, may furvive the body, yet, as it is 
332 3" dying a fecond time. generally believed not tobe created, till it be 
Awnp as for the human foul, though I wull- juft to be infufed into the body ; fo it fhall be 
ingly grant, that much may be deducedfrom the annihilated, when it parts with the body, God 
light of reafon only, touching its exiftence, withdrawing at death that fupporting inHuence, 
properties and duration; yet divine revelation which alone kept it from relapfing to its firft 
teaches it us with more clearnefs, and with nothing. Whence it may appear, that not- 
greater authority 3 as fure he, that made our withftanding the phyfical proofs of the fpiri- 
fouls, and upholds them, can beft know what tuality and feparablenefs of the human ioul, 
they are, and how long he will have them laft. weare yet much beholden to divine revelation 
And as the {cripture exprefsly teaches us, that for affuring us, that its duration fhall be end- 
the rational foul is diftinét from the body, as lefs. And now to make good what I was in- 
Matth. not being to be deftroyed by thofevery enemies, timating above, concerning the Cartefians, and 
x. 28. that kill the body ; fo about the origin of this the fcope of Des Cartes’s demontftration, I 
immortal foul (about which philofophers can fhall appeal to no other than his own expref- 
sive us but wide and precarious conjectures) fions to evince, that he confidered this matter 
theology affures us, that the foul of man had forthe main as we have done, and pretended 
not fuch an origination, as thofe of other ani- to demonftrate, that the foul is a diftinét fub- 
Gen. i. -, mals, but was God’s own immediate work- ftance from the body ; but not that abfolutely 
Zek.xii1. Manfhip, and was united to the body already {peaking itisimmortal. Cwr (anfwers that ex- Des Car- 
formed : and yet not fo united, but that upon cellent author) de iisnortalitate anime mibil tes respor- 
Luke - their divorce, fhe will furvive, and pafs into a feripferim, jam dixi in [ynopfi mearum Medita- ate ” 
Ri i {tate, in which death fhall have no power over tionum. Quod ejus ab omni corpore diftinBionem ae 
xxv. 46. her. fatis probaverim, fupra oftendi. Quod vero ad- pag.m.g5. 


Texpeét you will here object, that for the 
knowledge of the perpetual duration of fepa- 
rate fouls, we need not be beholden to the 
{cripture, fince the immortality of the foul 
may be fuficiently proved by the fole light of 
nature, and particularly has been demonftrated 
by your great Des Cartes. But you muit give 


ditis, ex diftinétione anime acorpore non fequicjus 
immortalitatem, quia nibtlominus dict poteft, :1- 
lam a deo talis nature factam effc, ut ejus dura- 
tio fimul cum duratione vite corporee finiatur, fa- 
teor a me refellt non poffe. Negite enim tentum 
mibi affumo,utquicquem de tis, que a libera Dei 
voluntate dependent, biimane rationis vi deter- 
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minare aggrediar. Docet naturalis cognitio, Sc. 
Sed fi de abfoluta Dei poteftate queratur, ai 
forte decreverit, ut humane anime tifdem teim- 
poribus effe definant, quibus corpora que tilis ad- 
junxit ; folius Dei eft, refpondere. And if lie 
would not afflume to demonftrate by natural 
reafon fo much as the exiftence of the foul af- 
ter death, unlefs upon a fuppofition ; we may 
well prefume, that he would lefs take upon 
him to determine, what fhall be the condition 
of that foul after it leaves the body. And that 
you may not doubt of this, I will give you for 
it his own confeffion, as he freely writ it in a 
private letter to that admirable lady, the prin- 
cefs Elizabeth, firft daughter to Frederick king 
of Bohemia, who feems to have defired his o- 
pinion on that important queftion, about which 
he fends her this anfwer, Pour ce qui, 9c. 7. €. 
As to the ftate of the foul after this life, my 
knowledge of it is far inferior to that of mon- 
fieur (he means Sir Kenelm) Digby. For, fet- 
tine afide that, which religion teaches us of it, 


I confefs, that by mere natural reafon we may - 


indeed make many conjectures to our own ad- 
vantage, and have fair hopes, but not any affu- 
rance. And accordingly in the next claufe he 
gives theimprudence, of quitting what is certain 
for an uncertainty, as the caufe why, according 
to natural reafon, we are never to feek death. 
Nor do I wonder he fhould be of that 
mind. For all, that mere reafon can demon- 
ftrate, may be reduced to thefe two things ; 
one, that the rational foul, being an incorpo- 
real fubftance, there is no neceffity, that it 
fhould perifh with the body ; fo that, if god 
have not otherwife appointed, the foul may 
furvive the body, and laft for ever: the other, 
that the nature of the foul, according to Des 
Cartes, confifting inits being a fubftance, that 
thinks, we may conclude, that though it be 
by death feparate from the body, it will ne- 
verthelefs retain the power of thinking. But 
now, whether either of thefe two things, or 
both, be fufficient to endear the ftate of fepa- 
ration after death, to a confidering man, I 
think may be juftly queftioned. For immor- 
tality or perfeverance in duration, fimply con- 
fidered, is rather a thing prefuppofed to, or 
a requifite of felicity, than a part of it; and 
being in itfelf an adiaphorous thing, affumes 
the nature of the {tate or condition, to which 
it is joined, and does not make that {tate hap- 
py or miferable, but makes the poffeffors of 
it more happy, or more miferable, than other- 
wife they would be. And though fome {chool- 
men, upon airy metaphyfical notions, would 
have men think it is more eligible to be 
wretched, than not to be at all; yet we may 
oppofe to their {peculative fubtilties the fenti- 
ments of mankind, and the far more confidera- 
ble teftimony of the Saviour of mankind, whe 
{peaking of the difciple, that betrayed him, 
fays, ‘* That it had been good for that man, if 
“< he had never been born.”” And eternity 
is generally conceived to aggravate no lefs the 
miferies of hell, than it heightens the joys of hea- 
ven. And here we may confider, firft, that mere 
reafon cannot fo much as affure us abfolutely, 
that the foul fhall furvive the body ; forthe truth 
Vou, Hf. 


of which we have not only Cartefus’s confef- 
fion, lately recited, but a probable argument, 
drawn from the nature of the thing, fince, as 
the body and foul were brought together, not 
by any mere phyfical agents, and fince their 
aflociation and union, whilft they continued to- 
gether, was made upon conditions, that depended 
folely upon God’s free and arbitrary inftitution ; 
fo, for aught reafon can fecure us of, one of the 
conditions of that affociation may be, that the bo- 
dy and foul fhould not furvive each other. Se- 
condly, fuppofing, that the foul be permitted to 
outlive the body, mere reafon cannot inform us, 
what will become of her in her feparate ftate, 
whether fhe will be vitally united to any other 


. kind of body or vehicle; and if to fome, of 


what kind that will be, and upon what terms 
the union will be made. For poffibly fhe may 
be united to an unorganized, or very imper- 
fectly organized body, wherein fhe cannot 
exercife the fame functions fhe did in her hu- 
man body. As we fee, that even in this life 
the fouls of natural fools are united to bodies, 
wherein they cannot difcourfe, or, at leaft, can- 
not philofophize. And it is plain, that 
fome fouls are introduced into bodies, which, 
by reafon of paralytical and other difeafes, they 
are unable to move, though that does not al- 
ways hinder them from being obnoxious to 
feel pain. So that, for aught we naturally 
know, a human foul, feparated from the body, 
may be united to fuch a portion of matter, that 
fhe may neither have the power to move it, 
nor the advantage of receiving any agree- 
ableinformations by its interventions, having 
upon the account of that union no other 
fenfe than that of pain. But let us now con- 
fider, what will follow, if I fhould grant, that 
the foul will not be made miferable, by being 
thus wretchedly matched. Suppofe we then, 
that fhe be left free to enjoy what belongs to 
her own nature; that being only the power of 
always thinking, it may be well doubted, whe- 
ther the exercife of that power will fuffice to 
make her happy. You will perchance eafily 
believe, that I love, as well as another, to enter- 
tain my felf with my own thoughts, and to 
enjoy them undifturbed by vifits and other a- 
vocations : I would, only accompanied by a 
fervant and a book, go to dine at an inn upon 
a road, to enjoy my thoughts the more freely 
for that day. But yet, I think, the moft con- 
templative men would, at leaft in time, grow 
weary of thinking, if they received no fupply 
of objects from without, by reading, feeing, 
or converfing ; and if they alfo wanted the 
opportunity of executing their thoughts, by 
moving the members of their bodies, or of 
imparting them, either by difcourfing, or 
writing of books, or by making of experi- 
ments. On this occafion I remember, that I 
knew a gentleman, who was-in Spain for a 
ftate-crime, which yet he thought an heroic 
action, kept clofe prifoner for a year in a place, 
where, though he had allowed him a diet not 
unfit for a perfon of note as he was; yet he 
was not permitted the benefit of any light, 
either of the day or candles, and was not ac- 
cofted by any human creature, fave at certain 
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times by the goaler, that brougnt him meat 
and drink, bile was itrictly forbidden to con- 
verfe with him. Now, though this gentleman, 
by his difcourfe, appeared to be a man of a 
lively humour ; yet being afked by me, how 
he could do to pafs the time in that fad foli- 
tude, he confeffed to me, that though he had 
the liberty of walking to and fro in his pri- 
fon, and though, by often recalling into his 


mind all the adventures and other paffages of 


his former life, and by feveral ways combining, 
and diverfifying his thoughts, he endeavoured 
to give his mind as much variety of employ- 
ment as he was able ; yet that would not ferve 
his turn, but he was often reduced, by drink- 
ing large draughts of wine, and then cafting 
himfelf upon his bed, to endeavour to drown 
that melancholly, which the want of new ob- 
jects caft him into, And I can eafily admit, 
he found a great deal of difference between 
the fenfe he had of thinking when he was at 
liberty, and that, which he ‘had. when he was 
confined to that employment, ‘whofe delight- 
fulnefs, like fre, cannot laft long, when it is, 
as his was, denied both fuel and vent. And, 
ina word, though I moft readily grant, that 
thinking, interwoven ‘with converfation and 
action, may be a very pleafant way of paffing 
one’s time; yet man being by nature a foci- 
able creature, I fear that ‘alone would be a 
dry and wearifome employment to {pend eter- 
nity in. 

Brerore I proceed to the next fection, I 
muft not omit to take notice, that though the 
brevity I propofed to myfelf, keeps me from 
difcourfing of any thcological fubjects, fave 
what I have touched upon about the divine at- 
tributes, and the things I have mentioned 
about the univerfe in general, and the human 
foul; yet there ave divers other things, know- 
able by the help of revelation, and not with- 
out it, that are of fo neble and fublime a na- 
ture, that the greateft wits may find their beft 
abilities both fully excrciled, and highly gra- 
tied by making enquiries into them. I fhall 
not n2zme for proof of this the adorable myf 
tery of the trinity, wherein it is acknowledged, 
that the mort foaring fpeculators are wont to 
be pofed, or to lofe themfelves: but I fhall 
rather mention the redemption of mankind, 
aud the caecrees of God concerning men, For 
though thcfe feem to be lefs out of the ken of 
our natural faculties ; yet it is into fome 
things, that belong to the former of them, that 


KXCELLENCY 


it were, fignatures of the fame attribute. For, 
as I was beginning to fay, it cannot but be 
highly injurious to the Deity, in whom all 
other true perfections, as well as omnifcience, 
are both united and tranfcendent, to think, 
that he can contrive no ways to difclofe his 
perfections, befides the ordering of matter and 
motion, and cannot otherwile delerve to be 
the object of men’s ftudies, and their admira- 
tion, than in the capacity of a creator. 

Anp I think, I might fafely add, that be- 
fides thefe grand and myfterious points I came 
from mentioning, there are many other noble 
and important things, wherein unaffifted rea- 
fon leaves us in the dark ; which though not 
fo clearly revealed in the feripture, are yet in 
an inviting meafure difcovered there, and con- 
fequently -deferve the indagation of a curious 
and philofophical foul. Shall we not think it 
worth enquiring, whether the fatisfaction of 
Chrilt was neceffary to appeafe the juftice of 
God, and purchafe redemption for mankind ? 
Or whether God, as abfolute and fupreme go- 
vernor of the world, might have freely remit- 
ted the penalties of fin? Shail we not think it 
worth the enquiring, upon what account, and 
upon what terms, the juftification of men to- 
wards God 1s tranfacted, efpecially confidering 
how much it imports us to know, and how 
perplexedly a doétrine, not in itfelf abftrufe, 
is wont to be delivered ? Shall not we enquire, 
whether or no the fouls of men, before they 
were united to their bodies, pre-exifted in a 
happier ftate, as many of the ancient and mo- 
dern Jews and Platonifts, and (befides Origen) 
fome learned men of our times do believe ? 
And fhall not we be curious to know, whether, 
when the foul leaves the body, it do imme- 
ciately pais to heaven or hell (as tt is com- 

ionly belicved,) or for want of organs be laid, 
as it were, afleep in an infenfible and unattive 
ftate, till it recover the body at the refurrec- 
tion, as many Socinians and others maintain ? 
or whether it be conveyed into fecret receffes, 
where, though it be in a good or bad condi- 
tion, according to what it did in the body, 
it is yet reprieved from the flames of hell, 
and reftrained from the beatifick vifion till the 
day of judgment? (which feems to have — 
the opinion of many, if not moft of the 
mitive fathers and Chriftians.) Shall not we 
be curious to know, whether, at that great 
decretory day, this vaft fabrick of the world, 
which all confefs muft have its frame quite 


1Pct.i. the {eripture tells 1 us, The angels defire to pry; fhattered, fhall be fuffered to relapfe into its 
- and it was the confideraticn of the latter of firft nothing, as feveral divines affert? or 

tiicm, that made one, that had been caught up  fhall be, after its diffolution, renewed to a bet- 
Rom. xi. into the manfion of the angels, amazedly cry ter ftate, and as it were, transfigured ? And 
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fhall not we enquire, whether or no, in that 


future {tate of things, wnich fhall never have Gep, ii. 
an end, we fhall know oneanother? (as 4dem, 21, 22, 
when he awaked out of his profound fleep, 23- 


Nor are theie the only things, that the {crip- 
ture itfelf terms mytteries, though, for brevi- 
ty fake, inftead of ipecifying any of them, I 


fhall content mytfelf to reprefent to you in ge- 
neral; that fince God’s wifdom is boundlels, 
it may, fure, have more ways than one to 
difplay iticlf. And though the material world 
be full of the productions of his wifuom yet 
that hinders not, but that the fcripture may be 
enobled with many excellent imprefles, and, as 


knew Eve, whom he never faw before ;) and 
whether thofe perfonal friendfhips and affec- 
tions, we had for one another here, and the 
pathetic confideration of the relations (as of 
tather and fon, hufband and wife, chafte mif- 
trefs and virtuous lover, prince and fubject, ) 
on which many of them were grounded, fhall 
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of THEOLOGY. 


continue ? Or whether all thofe things, as an- 
ticuated and flight, fhall be obliterated, and, 
as it were, {fwallowed up? (as the: former re- 
lation of a coufin a great way off is {carce at 
all confidered, when the perfons come fo to 
cuange their ftate, as to be united by the 
{trict bonds of marriage.) 

But it were tedious to propofe all the other 
points, whereof the divine takes cognizance, 
that highly merit an inguifitive man’s curiofity ; 
and about which, all the writings of the old 
Greek and other heathen philofophers put to- 
gether, will give us far lefs information, than 
the fingle volume of canonical fcripture. I 
forefee indeed, that it may neverthelefs be ob- 
jected, that in fome of thefe enquiries, reve- 
Jation incumbers reafon, by delivering things, 
which reafon is obliged to make its hypothe- 
fis confiftent with. But befides, that this 
cannot be fo much as pretended of all; if 
you confider, how much unaffifted reafon leaves 
us in the dark about thefe matters, wherein 
fhe has not been able to frame fo much as 
probable determinations, efpecially in compa- 
rifon of thofe probabilities, that reafon can de- 
duce from what it finds one way or other de- 
livered in the fcripture: if you confider this, 
I fay, you will, 1 prefume, allow me to fay, 
that the revealed truths, which reafon is obliged 
to comply with, if they be burdens to 
it, are but fuch burdens, as feathers are 
to a hawk, which, inftead of hindering his 
flight by their weight, enable him to foar to- 
ward heaven, and take a larger profpeét of 
things, than, if he had not feathers, he could 
poflibly do. 

AnD, on this occafion, Sir, the greater re- 
verence I owe to the fcripture itfelf, than to 
Its expofitors, prevails upon me to tell you 
freely, that you will not do right, either to 
theology, or (the greateft repofitory of its 
truths) the bible, if you imagine, that there 
are no confiderable additions to be made to 
the theological difcoveries we have already, 
nor no clearer expofitions of many texts of 
fcripture, or better reflections on that match- 
leis book, than are to be met with in the ge- 
neiality of commentators, or of preachers, 
without excepting the antient fathers them- 
felves. For there being, in my opinion, two 
things requifite, to qualify a commentator to 
do right to his theme, a competency of criti- 
cal knowledge, and a concern for the honour 
and intereft of Chriftianity in general, affifted 
by a good judgment, to difcern and {elect 
thofe things, that may moft conduce to it; 
1 doubt, there are not many expofitors, as 
they are called, of the fcripture, that are not 
deficient in the former, or the latter of thefe 
particulars, and I with there be not too many, 
that are detective in both. 

Tuat the knowledge of at leaft Greek and 
Hebrew is requilite to him, thar takes upon 
him to expound writings penned originally in 
thofe languages, if the nature of the thing did 
not manifeft it, you might eafily be perfuaded 
to believe, by confidering, with what grofs 
miftakes the ignorance of languages has often- 
times blemifhed, not only the interpretations 


of the fchool men and others, but even thofe 
of the venerabie fathers of the church. For 
though generally they were worthy men, and 
highly to te regarded, as the grand witnefles 
of the doctrines and government of the antient 
churches ; moft of them very pious, many of 
them very eloquent, and fome of them (efpe- 
cially the two criticks, Origen and ‘erom) 
very learned ; yet fo few of the Greek fathers 
were {killed in Hebrew, and fo few of the 
Latin fathers either in Hebrew or Greek; that 
many of their homilies, and even comments, 
leave hard texts as obfcure as they found them ; 
and, fometimes mifled by bad tranflations, 
they give them fenfes exceeding wide of the 
true: fo that many times in their writings they 
appear to be far better divines than commen- 
tators, and in an excellent difcourfe upon a 
text, you fhall find but a very poor expofition 
of it; many of their eloquent and devout fer- 
mons being much better encomiatts of the di- 
vine myfteries they treat of, than unvailers. 
And though fome modern tranflations deferve 
the praife of being very ufeful, and lefs un- 
accurate than thofe, which the Latin fathers 
ufed; yet when IJ read the fcriptures (efpecially 
fome books of the Old Teftament) in their 
originals, I confefs I cannot but fometimes 
wonder, what came into the mind of fome, 
even of our modern tranflators, thas they 
fhould fo much miftake, and fornetimes injure 
certain texts as they do; and I am prone to 
think, that there is fcarce a chapter in the bible 
(efpecially that part of it, which is written in 
Hebrew,) that may not be better tranflated, 
and confequently more to the credit of the 
book itfelf, | 
Tuts credit it miffes of, not only by men’s 
want of fufficient fkill in critical learning, but 
(to come to the fecond member of our late di- 
vifion) for want of their having judgment 
enough to obferve, and concern enough to 
propofe thofe things in the fcripture, and in 
theology, that tend to the reputation of either. 
For I fear there are too many, both commen- 
tators and other divines, that (though other- 
wife perhaps pious men) having efpoufed a 
church or party, and an averfion from all dif- 
fenters, are follicitous, when they perufe the 
fcripture, to take notice chiefly, if not only 
(I mean in points fpeculative) of thofe 
things, that may either fuggeft arguments 
againft their adverfaries, or anfwers to their 
objections... But I meet with much fewer than 
I could with, who make it their bufinefs to 


fearch the fcriptures for thofe things (fuch as "Egeuvaty- 


unheeded prophecies, over-looked myfteries, 


and f{trange harmonies,) which being clearly John v. 
and judicioufly propofed, may make that 39- 


bock appear worthy of the high extraction 
it challenges (and confequently of the vene- 
ration of confidering men) and who are {folli- 
citous to difcern and make out, in the way of 
governing and of faving men, revealed by: 
God, fo excellent an oeconomy, and fuch deep 
contrivances, and wife difpenfations, as may 
bring credit to religion, not fo much as it is 
Roman, or proteftant, or Socinian, but as it is 
Chriftian. But (as I intimated before) thefe 
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good affections for the repute of religion in 
general are to be affifted by a deep judgment. 
For men, that want either that, or a good 
ftock of critical learning, may eafily over-fee 
the beft obfervations (which ufually are not 
obvious) or propofed as myfteries, things that 
are either not grounded, or not weighty 
enough ; and fo (notwithftanding their good 
meaning) may bring a difparagement upon 
what they defire to recommend. And I am 
willing to grant, that it is rather for want of 
good fkill and good judgment, than good 
will, that there are fo few, that have been 
careful to do right to the reputation of the 
{cripture, as well as toits fenfe. And indeed 
when I confider, how much tnore to the advan- 
tage of thofe facred writings, and of Chriftian 
theology in general, divers texts have been ex- 
plained and difcourfed of by the excellent. 
Grotius, by Epifcopius, Mafius, Mr. Mede, and 
Sir Francis Bacon, and fome other late great 
wits (tO name now no living ones) in their 
feveral kinds, than the fame places have been 
handled by vulgar expofitors, and other di- 
vines: and when I remember too, that none 
of thefe newly named worthies was at once a 
great philofopher, and a great critick; (the 
three firft being not fo well verfed in philofo- 
phical learning, and the laft being unac- 
quainted with the eaftern tongues:) I cannot 
but hope, that when it fhall pleafe God to ftir 
up perfons of a philofophical genius, well fur- 
nifhed with critical learning, and the principles 
of true philofophy, and fhall give them a 
hearty concern, for the advancement of his 
truths; thefe men, by exercifing upon theo- 
logical matters that inquifitivenefs and faga- 
city, that has made in our age fuch a happy 
progrefs in philofophical ones, will make ex- 
plications and difcoveries, that will juftify 
more than IJ have faid in prarfe of the ftudy of 
our religion, and the divine books, that contain 
the articles of it. For thefe want not excel- 
lencies, but only fkilful unvailers. And if I do 
not tell you, that you fhould no more meafure 
the wifdom of God couched in the bible, by 
the gloffes or fyftems of common expofitors 
and preachers, than eftimate the wifdom he 
has expreffed in the contrivance of the world 
by Magirus’s or Euftachius’s phyficks 3 yet I 
fhall not fcruple to fay, that you fhould as 
lictle think, that there are no more myfteries 
in the books of fcripture, befides thofe, that 
the fchool-divines and vulgar commentators 
have taken notice of, and unfolded ; as, that 
there are no other myfteries in the book of 
nature, than thofe, which the fame {fchool- 
men (who have taken upon them to interpret 
4rifiotle and nature too) have obferved and 
explained. All the fine things, that poets, 
orators, and even lovers have hyperbolically 
{aid in praife of the beauty of eyes, will no- 
thing near fo much recommend them to a phi- 
lofopher’s efteem, as the fight of one eye fkil- 
fully diffeéted, or the unadorned account given 
of its ftruéture, and the admirable ufes of its 
feveral parts, in Scheimer’s Oculus, and Des 
Cartes’s excellent dioptricks. And though I 
do not think myfelf bound to acquiefce in, and 


admire every thing, that is propofed, as myfte- 
rious and rare by many interpreters and 
preachers ; yet I think, I may fafely compare 
feveral things in the books we call the fcrip- 
ture, to feveral others in that of nature, in (at 
leaft) one regard. For, though I do not be- 
lieve all the wonders, that Pliny, Elian, 
Porta, and other writers of that ftamp, relate 
of the generation of animals ; yet by perufing 
fuch faithful and accurate accounts, as fome- 
times Galen de ufu Partium, fometimes Vefa- 
lius, fometimes our Harvey (de Ovo) and our 
later anatomifts, and fometimes other true na- 
turalifts, give of the generation of animals, 
and of the admirable ftruéture of their bodies, 
efpecially thofe of men, and fuch other parts 
of zoology, as Pliny, and the other writers I 
named with him, could make nothing confi- 
derable of ; by perufing thefe, I fay, I receive 
more pleafure and fatisfaction, and am induced 
more to admire the works of nature, than: by 
all their romantick and fuperficial narratives. 
And thus (to apply this to our prefent fubject) a 
clofe and critical account of the more vailed 
and pregnant parts of f{cripture, and theologi- 
cal matters, with fuch refle€tions on them, as 
their nature and collation would fuggeft to a 
philofophical, as well as critical fpeculator, 
would far better pleafe a rational confiderer, 
and give him a higher, as well as a better 
grounded veneration, for the things  ex- 
plained, than a great many of thofe flighter 
or ill founded remarks, wherewith the expo- 
fitions and difcourfes of fuperficial writers, 
though never fo florid or witty, gain the ap- 
plaufe of the lefs difcerning fort of men. 

Awnp here, on this occafion, I fhall venture 
to add, that I defpair not, but that a farther 
ufe may be made of the fcripture, than either 
our divines or philofophers feem to have thought 
on, Some few theologues indeed have got the 
name of Supralapfarians, for venturing to look 
back beyond the fall of Adam for God’s de- 
crees of election and reprobation. But befides 
that, their boldnefs has been difliked by the ge- 
nerality of divines, as well as other Chriftians, 
the object of their fpeculation is much too nar- 
row to be any thing near and adequate to fuch 
an hypothefis as I mean. For methinks, that 
the Encyclopedia’s and Panfophia’s, that even 
men of an elevated genius have aimed at, are 
not diffufed enough to comprehend all, that the 
reafon of a man, improved by philofophy, and 
elevated by the revelations already extant in the 
{cripture, may, by the help of free ratiocina- 
tion, and the hints contained in thofe pregnant 
writings (with thofe affiftances of God’s {pirit, 
which he is ftill ready to vouchfafe to them, that 
duly feek them,) attain unto in this life. The 
gofpel comprifesindeed, and unfolds the whole 


myitery of man’s redemption, as far forth asAé&s xx, 


it is neceffary to be known for our falvation :?7° 
and the corpufcularian or mechanical philofo- 
phy ftrivesto deduce all the phaznomena of 
nature from adiaphorous matter, and local mo- 
tion. But neither the fundamental do¢trine of 
Chriftianity, nor that of the powers and effects 
of matter and motion, feems to be more than an 
epicycle (if I may fo call it) of the great and 
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univerfal fyftemi of God’s contrivances, and 
makes but a part of the more general theory of 
things, knowable by the hight of nature, 1m- 
proved by the information of the fcriptures ° 
fo that both thefe do¢trines, though very gene- 
ral, in refpect of the fubordinate parts of theo- 
logy and philofophy, feem to be but members 
of the univerfal hypothefis, whofe objects | 
conceive to be the nature, counfels, and works 
of God, as far as they are difcoverable by us 
(for I fay not to us) in this life. 

For thofe, to whom God has vouchfafed 
the privilege of mature reafon, feem not to en- 
large their thoughts enough, if they think, that 
the omnifcient and almighty God has bounded 
the operations of his power, and wifdom, and 
goodnefs, to the exercife, that may be given 
them for fome ages, by the production and go- 
vernment of matter and motion, and of the in- 
habitants of the terreftrial globe,which we know 
to be but a phyfical point in comparifon of that 
portion of univerfal matter, which we have al- 
ready difcovered. 

For I account, that there are four grand 
communities of creatures, whereof things meer= 
ly corporeal make but one; the other three, 
differing from thefe, are diftinct alfo from one 
another. Of the firft fort are the race of man- 
kind, where intellectual beings are vitally affo- 
ciated with grofs and organical bodies. The 
fecond are dzmons, or evil angels; and the 
third good angels ; (whether in each of thofe 
two kinds of fpirits, the rational beings be per- 
fectly free from all union with matter, though 
never fo fine and fubtile ; or whether they be 
united to vehicles, not grofs, but fpirituous, and 
ordinarily invifible to us.) 

Nor may we think, becaufe angels and de- 
vils are two names quickly uttered, and thofe 
fpirits are feldom or never feen by us, there are 
therefore but few of them, and the fpeculation 
of them is not confiderable. For, as their ex- 
cellency is great, (as we fhall by and by fhew) fo 
for their numbér, they are reprefented in fcrip- 
ture as an heavenly hoft, ftanding on the right 
and left hand of the throne of God. And of 
the good angels, our faviour fpeaks of having 


Matth. more than twelve legions of them at his com- 
ae eH mand. Nay, the prophet Daniel faith, that to 


the ancient of days, no lefs than millions mi- 
niftred unto him, and hundreds of mullions 
ftood before him. And of the evil angels, the 
Mark v.g. gofpel informs us, that enough to call them a 
Luke ‘viii. legion (which, you know, is ufually reckoned, at 
30. a moderate rate, to confift of betwixt fix and 
feven thoufand) poffeffed one fingle man. For 
my part, when I confider, that matter, how 
vaftly extended, and how curioufly fhaped fo- 
ever, is but a brute thing, that is only capable 
of local motion, and its effects and confequents 
on other bodies, or the brain of man, without 
being capable of any true, or at leaft any intel- 
Je€tual perception, or true love or hatred; and 
when I confider the rational foul as an immate- 
rial and immortal being, that bears the image 
of its divine maker, being endowed with a 
capacious intelleét, and a will, that no creature 
can force: I am by thefe confiderations difpo- 
fed to think the foul of man a nobler and more 
Vor. Il. 
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valuable being, than the whole corporeal world ; 
which thotigh I readily acknowledge it to be 
admirably contrived, and worthy of the almigh- 
ty and omnifcient author, yet it confifts but of 
an ageregate of portions of brute matter, va- 
rioufly fhaped and connected by local motion (a3 
dough, and roles, and leaves, arid cakes, arid ver= 
micelli, wafers, and pie-cruft, are all of them di- 
verfified meal; but without any knowledge 
either of their owh nature, or of that of theit 
author, or of that of their fellow-creatures.) And 
as the rational foul is fomewhat more noble and 
wonderful, than any thing merely corporeal, 
how vaft foever it can be, and is of a more ex- 
cellent nature, than the curioufeft piece of me- 
chanifm in the world, the human body; fo to 
enquire what fhall become of it, and what fates 
it 1s like to undergo hereafter, does better de- 
ferve a man’s curiofity, than to know what fhall 
befal the corporeal univerfe, and might juftly 
have been to Nebuchadnezzar a more defirable Dan. ji 
part of knowledge, than that he was fo trou- 3!,32,é&¢s 
bled for want of, when it was adumbrated to 
him in the myfterious dream, that contained 
the characters and fates of the four great mo- 
narchies of the world. And as man is intrufted 
with a will of his own, whereas all material 
things move only as they are moved, and have 
no felf-determining power , on whofe account 
they can refift the will of God and as alfo of 
angels, at leaft fome orders of them, are of a 
higher quality (if I may fo fpeak) than hu- 
human fouls ; fo it is very probable, that in 
the government of angels, whether good or 
bad, that are intellectual voluntary agents, 
that is required and employed far grater dif- 
plays of God’s wifdom, power, and goodnefs, 
in the guidance of adiaphorous matter; and 
the method of God’s conduct in the govern- 
ment of thefe, is a far nobler object for men’s 
contemplation, than the laws, according to 
which the parts of matter hit againft, and 
juftle one another, and the effects or refults 
of fuch motions. | 

AND accordingly we find in fcripture, that, 
whereas about the production of the material 
world, and the fetting of the frame of nature, 
God employed only a few commanding words, 
which fpeedily had their full effeéts ; to govern 
the race of mankind, even in order to their 
own happinefs, he employed not only Jaws and 
commands, but revelations, miracles, promifes 
threats, exhortations, mercies, judgments, 
and divers other methods and means 3 and yet 
oftentimes, when he might well fay, as he did 
once by his prophet, ‘* What could I have 
«* done more to my vineyard, that 1 have not 
‘© done it?’ he had juft caufe to expoftulate as 
he did in the fame place, ‘* Wherefore; when 
«© T looked, that it fhould bring forth grapes, 
‘« brought it forth wild grapes? ’’ and to com- 
plain of men, as by that very prophet he did 
even of Jfrael, “ I have fpread out my hands Ifa; Ixv. 2, 
‘© all the day to a rebellious people:’’ But not 
to wander too far in this digreffion ; what we 
have faid of men, may render it probable, that 
the grand attributes of God are more fignally 
exercifed, and made more confpicuous in the 
making and governing of each of the three in- 
5 0 tellectual 
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telleCtual communities, than in the framing and 
upholding the community cf mere bodily things. 
And fince all immaterial fubftances are for that 
reafon naturally immortal, and the univerfal 
matter is believed fo too, poffibly thofe revolu- 
tions, that will happen after the day of judg- 
ment, wherein though probably not the mat- 
ter, yet that ftate and conftitution of it, on 
whofe account it is this world will be deftroyed, 
and make way for quite new frames and {ets of 
things corporeal, and the beings, that compofe 
each of thefe intellectual communities, will, in 
thofe numberlefs ages they fhall lait, travel 
through I know not how many fucceflive 
changes and adventures; perhaps, I fay, thefe 
things will no lefs difplay, and bring glory to 
the divine attributes, than the contrivance of 
the. world, and the oeconomy of man’s falva- 
tion, though thefe be (and that -worthily) the 
objects of the naturalifts and the divines con- 
templation. And there are fome paflages in 
the prophetical part of the fcripture, and efpe- 
cially in the book of the Apocalypfe, which, as 
they feem to intimate, that as God will perform 
ereat and noble things, which mechanical phi- 
lofophy never reached to, and which the gene- 
rality of divines feem not to have thought of ; 
fo divers of thofe great things may be, in fome 
meafure, difcovered by an attentive fearcher 
into the fcriptures, and that fo much to the 
advantage of the devout indagator, that St. 
Fobu, near the beginning of his Revelations, 
pronounces them happy, that read the matters 
contained in this prophecy, and * obferve the 
things written therein, Which implies, that 
by heedful comparing together the indications 
couched in thofe prophetick writings, with 
events and occurrences in the affairs of the 
world, and the church, we may difcover much 
of the admirable oeconomy of providence in 
the governing of both: and I am prone to 
think, the early difcoveries of fuch great and 
important things to be, in God’s account, no 
mean vouchfafements, not only becaufe the 
title of happy is here given to him, that at- 
tains them, but becaufe of the two perfons, to 
whom the great difcoveries of this kind.were 
made, I mean, the prophet Danzel and St. 
Fobn ; the firft is by the angel faid to be, on 
that account, a perfon highly favoured; and 
the other is, in the gofpel, reprefented as our 
Saviour’s beloved diiciple. And you will the 
more eafily think the foreknowledge of the di- 
vine difpenfations gatherable from {cripture to 
be highly valuable, if you confider, that, ac- 
cording to St. Paul, thofe very angels, that 
are called principalities and powers in hea- 
venly places, learnt by the church fome ab- 
{trufe points of the manifold wifdom of God. 
But I muft no longer indulge f{peculations, that 
would carry my curiofity beyond the bounds of 
time itfelf, and therefore beyond thofe, that 
ought to be placed to this occafional excurfion. 
And yet, as on the one fide, I fhall not al- 
low myfeif the prefumption of framing con- 
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jectures about thofe remote difpenfations, which 
will not, moft of them, have a beginning be- 
fore this world fhall have an end; fo on the 
other fide I would not difcourage you, or any 
pious enquirer, from endeavouring to advance 
in the knowledge of thofe attributes of God, 
that may fuccefsfully be ftudied, without prying 
into the fecrets of the future. 

Awp here, Sir, let me freely confefS to you, 
that I am apt to think, that if men were not 
wanting to God’s glory, and their own fatif- 
faction, there would be far more difcoveries 
made, than are yet attained to, of the divine 
attributes. When we confider the moft fimple, 
or uncompounded effence of God, we may 
eafily be perfuaded, that what belongs to any 
of his attributes (fome of which thinking men 
generally admire) muft be an objeét of en- 
quiry exceeding noble, and worthy of our 
knowledge. And yet the abftrufenefs of this 
knowledge is not in all particulars fo invin- 
cible, but that I ftrongly hope, a philofophi- 
cal eye, illuftrated by the revelations extant 
in the fcripture, may pierce a great deal far- 
ther than has yet been done, into thofe myf 
terious fubjecis, which are too often (perhaps 
out of a miftaken reverence) fo pocrly handled 
by divines and ichoolmen, that not only what 
they have taught, 1s not worthy of God (for 
that is a neceflary, and therefore exculable de- 
ficiency) but too frequently it is not worthy 
of men, I mean, of rational creatures, that 
take upon them to treat of fuch high points, 
and inftruct others about them. And I quef- 
tion not but your friend will the lefs fcruple 
at this, if he call to mind thofe new and hand- 
fome notions about fome of the attributes of 
God, that his mafter Cartefias, though but 
moderately verfed in the fcriptures, has pre- 
fented us with. Nor do I doubt, but that a 
much greater progrefs might be made in the 
difcovery of ifubjects, where, though we can 
never know all, we may {till know farther, if 
fpeculative genius’s would propofe to them- 
felves particular doubts and enquiries, about 
particular attributes, and frame and examine 
hypotheies, eftablifh theorems, draw corol- 
Jaries; and (in fhort) apply to this ftudy 
the fame fagacity, affiduity, and attention of 
mind, which they often employ about enqui- 
ries of a very much inferior nature ; infomuch, 
as Des Cartes (how profound a geometrician 
foever he were) confeffes in one of his epifiles, 
that he employed no lefs than hx wecks to 
find the folution of a ploblem or queftion of 
Pappus. And Pythagoras was fo addicted to, 
and concerned for geometrical fpeculations, 
that when he had found that famous propofi- 
tion, which makes the 47th in Euciid’s Firtt 
Book, he is recorded to have offered a_heca- 
tomb, to exprefs his joy and gratitude for the 
difcovery : which yet was but of one property. 
of one fort of right-lined triangles. And cer- 
tainly, if Chriftian philofophers did rightly 
eftimate, how noble and fertile fubjects the 
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* To render the original word (o5/erve, or) watch, rather than deep, feems more congruous to the fenfe of the text, 
and is a criticifm fuggefted to me by an eminent mathematician, as well as divine, who took notice, that the word super" 
is ufed by the Greeks, as a term of art to exprefs the aftgonomical obfervation of eclipfes, planetary conjunctions, oppo- 
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divine attributes are, they would find in them 
wherewithal to exercffe their beft parts, as 
well as to recompence the employment of 
them. But becaufe, what I would diffuade, 
does not, perhaps, proceed only from lazineds, 
but from a miftake ; as if there were little to 
be known of fo incomprehenfible an object 
as God, fave, that in general, all his attributes 
aré like himfelf, infinite, and confequent- 
ly not to be fully known by human un- 
derftandings, becaufe they are finite; I 
fhall add, that though it be true, that by 
reafon of God’s infinity, we cannot com- 
prehend him, that is, have a full and adequate 
Knowledge of him; yet, we may not only 
know very many things concerning him, but, 
which is more, may make an endlefs progreis 
in that knowledge. As no doubt, Pythagoras 
(newly mentioned) knew very well what a 
triangle was, and was acquainted with divers 
of its properties and affections, before he dif- 
covered that famous one. And though, fince 
him, Euclid, Archimedes, and other geome- 
tricians have demonftrated, I know not how 
many other affections of the fame figure, yet 
they have not to this day exhaufted the fub- 
ject: and poftibly I (who pretend not to be 
a mathematician) may now and then, in 
managing certain equations I had occafion for, 
have lighted upon jome theorems abcut tri- 
angles, that occurred not to any of them. 
The divine attributes are fuch fruitful themes, 
and fo warthy of our admration, that the 
whole fabrick of the univerfe, and all the 
phenomena exhibited in it, are but imper- 
fect expreffions of Gad’s wifdom, and fome 
few of his other attributes. And I do not 
much marvel, that the angels themfelves are 
reprefented in {cripture, as employed in adoring 
God, and admiring his perte€tions. ior even 
they being but finite, can frame but inadequate 
conceptions of him; and confequently muft 
endeavour, by many of them, to make amends 
for the incompleatnefs of every one of them ; 
which yet they can never but imperfectly do. 
And yet God’s infinity can but very impro- 
perly be made a difcouragement of our enqui- 
ries into his nature and attributes. For (not 
now to examine, whether infinity, though ex- 
prefied by a negative word, be not a pofitive 
thing in God) we may, notwithftanding his 
infinity, difcover as much of him as our na- 
ture is capable of knowing: and what harm 
is it to him, thac is drinking in a river, that 
he cannot drink up all the water, if he have 
iberty fully to. quench his thirft, and take in as 
much liquor as his {omach can contain? Ini- 
nity therefore fhould not hinder us from a ge- 
serous ambition to learn as much as we can 
of an object, whofe being infinite does but 
make our knowledge of it the more ncble and 
defirable, which indeed it is, in fuch a de- 
gree, that we need not wonder, that the an- 
gels are reprefented as never weary of their 
employment of contemplating and praifing 
God. For, as I lately intimated, taat they 
can have but inadequate ideas of thofe bound- 
J-fg pertections, and by no number of thofe 
ideas can arrive to make amends for the in- 
compleatnefs of thems fo it need not féem 


{trange, that in frefh difcoveries of new parts 
(if I may {0 call them) of the fame objet, it 
being fuch a one, they fhould find nobler and 
happier entertainments, than any where elfe va- 
riety could afford them. 


SECTION IL 
H*. ING thus taken notice of fome par- 


ticulars of thofe many, which may be 
employed to fhew, how noble the objects are, 
that theology propofes to be contemplated ; I 
now proceed to fome confiderations, that may 
make us fenfible, how great an obligation there 
lies on us, to addict ourfelves to the ftudy of 
them. 

YerT, of the particulars, whereon this obli- 
gation may be grounded, I fhall now name but 
two, they being indeed comprehenfive ones, 
obedience, and gratitude. 

Anpv firft, let me reprefent, that it needs 
not, I fuppofe, be folicitoufly proved, that it 
is the will and command of God, that men 
fhould learn thofe truths, that he has been 
pleafed to teach, whether concerning his na- 
ture or attributes, or the way, wherein he will 
be ferved and worfhipped by man. For if we 
had not injunctions of fcripture to that pur- 
pofe, yet your friend is too rational a man to 
believe, that God would fo folemnly caufe his 
truths to be publifhed to mankind, both by 

reaching and writing, without intention to 
cblige thofe (at leaft) that have the capacity 
and opportunity to enquire into fome of them; 
and if it appear to be his will, that a perfon fo 
qualified fhould fearch after the moft impor- 
tant truths, that he hath revealed, it cannot but 
be their duty to do fo. For though the na- 
ture of the thing itfelf did nat lay any obliga- 
tion on us, yct the authority of him, that com- 
mands it, would; fince, being the fupreme and 
abfolute Lord of all his creatures, he has as 


_ well a full right to make what Jaws he thinks 


fit, and enjoin what fervice he thinks fit, as a 
power to punifh thofe, that either violate the 
one, or deny the other ; and accordingly it is 
very obfervable, that before dam fell, and 
had forfeited his happy ftate, by his own tranf- 


greffion, he not only had a law impofed upon Gen. ii. 
him, but fuch a law, as, being about a matter 16, 17. 


itfelf indifferent, (for fo it was to eat, or not to 
eat, of the tree of life, as well as of any other,) 
derived its whole power of obliging from the 
mere will and pleafure of the law-giver. 
Whence we may learn, that man is fubject to 
the laws of God, not as he is obnoxious to him, 
but as he is a rational creature, and that the 
thing, that is not a duty in tts own nature, may 
become: an indifpenfible one, barely by its be- 
ing commanded. And indeed, if our firft pa- 
rent, in the {tate of innocency and happinefs, 
wherein he tafced of God’s bounty, without 
as yet ftancing in need of his mercy, was moft 
ftrictly obliged, out of mere obedience, to ¢on- 
form £0 a law, the matter of which was indif- 
ferent in itfcif; fure we, in our lapfed condi- 
tion, muft be under a high qbligatien to obey 
the declared will of God, whereby we are en-. 
joined to ftudy his truths, and perform that, 
which has fo much of intrinfick goodnefs tn it, 

that 
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that it would be a duty, though it were not 
commanded ; and has fuch recompences pro- 
poled to it, that it is not more a duty, than it 
will be an advantage. 

Bur it is not only obedience, and intereft, 
that fhould engage us to the itudy of divine 
things, bue gratitude ; and that exacted by fo 
many important motives, that he, who faid, z7- 
vratum fi dixeris, ommtia dixerts, could not think 
ingratitude fo much worle than ordinary vices, 
as a contempt of the cuty I am preffing 
would be worle than an ordinary ingratitude. 

Ir were not difficult, on this occafion, to 
manife(t, that we are extremely great debtors 
unto God, both as he ts the author, and the 
preferver of our very beings ; and as he (im- 
mediately, or mediately,) fills up the meafure 
of thofe continual benefits, with all the prero- 
gatives, and other favours we do receive from 
him, as men; and the higher bleffings, which 
(if we are not wanting to ourfelves,) we may 
receive from him, as Chriftians. 

Burt to fhew, in how many particulars, and 
to how high a degree, God is our benefactor, 
were to launch out into two immenfe a fubject; 
which it were the lefs proper for me to do, be- 
caufe I have, in other papers, difcourfed of 
thofe matters already. I will therefore fingle 
out a motive of gratitude, which will be pecu- 
liarly pertinent to our prefent purpofe. For, 
whereas your friend does fo highly value him- 
felf upon the ftudy of natural philofophy, and 
defpifes not only divines, but ftatefmen, and 
even the learnedeft men in other parts of phy- 
lofophy and knowledge, becauie they are not 
verfed in phyficks ; he owes to God that very 
Pfal. xxii. {kill, among many other vouchfafements. For 
9- it is God, who made man unlike the horfe and 

the mule, who have no underftanding, and 
endowed him with that noble power of reafon, 
by the exercife of which, he attains to whatever 
knowledge he has of natural things above the 
beafts that perifh. For that may juftly be 
applied to our other acquifitions, which Mofes, 
by God’s appointment, told the Ifraelites con- 
cerning the acquifts of mches; where he bids 
the people beware, that when their herds, and 
their flocks, and other treafures were multipli- 
ed, their heart be not lifted up, and prompt 
Deut. viii. them to fay, ‘‘ My power, and the might of my 
1¢,11, 12, ¢¢ hand, hath gotten me this wealth.” But, (fub- 
joins that excellent perfon, as well as matchlefs 
law-giver,) Thou fhalt remember thy Lord 
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os 
— thy God, for it is he, that giveth thee power 
18. to get wealth. But to make men rational crea- 
tures, is not all God has done towards the 
making them philofophers. For, to the know- 

ledge of particular things, objects are as well 
requifite as faculties; and if we admit the pro- 

bable opinion of divines, who teach us, that the 

angels were created before the material world, 

Joo as being meant by thofe fons of God, and 
i 5s morning flars, that, with glad fongs and accla- 


mations, celebrated the foundations of the 
earth ; we mutt allow, that there were many 
creatures endowed with, at leaft, as much rea- 
fon as your friend, who yet were unacquainted 
with the myfteries of nature, fince fhe herfelf 
had not yet received a being. Wherefore, 
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God having as well made the world, as given 
man the faculties, whereby he is enabled to 
contemplate it ; naturalifts are as much obliged 
to God tor their knowledge, as we are for our 
intelligence to thole, that write us fecrets in cy- 
phers, and teach us the fkill of decyphering 
things fo written ; or to thofe, who write what 
would fill a page in the comnpats of a fingle 
penny, and prefent us to boot a microfcope to 
‘read it. And as the naturaliit hath peculiar in- 
ducements to gratitude, for the endowment of 
knowledge ; fo ingenuity lays this peculiar ob- 
ligation on him to exprefs his gratitude, in the 
way I have been recommending, that itis one of 
the acceptableft ways it can be expreffed in ; 
efpecially fince, by this way, philofophers may 
not only exercife their own gratitude towards 
God, but procure him that of others. How 
pleafing men’s hearty praifes are to God, may 
appear, among other things, by what is faid and 
done by that royal poet, whom God was pleafed to 
declare a man after his own heart ; for he in- 
troduces God pronouncing, ‘* Whofo offereth Pfal. 1.23. 
“¢ praife,elorifieth me;”? where the word our in- 
terpreters render offereth, in the Hebrew, fig- 
nifies to facrifice ; with which agrees, that elfe- 
where thofe, that pay God their praifes, are faid 
to facrifice to him “ the calves of their lips.” 
And that excellent perfon, to whom God vouch- 
fafed fo particular a teftimony, was fo affidu- 
ous in this exercife, that the book which we, 
following the Greek, call P/alms; is, in the origi- 
nal, from che things it moft abounds with, cal- 
led Sepber Tebiilim, i,e. the book of praifes. 
And to let you fee, that many of his praifes 
were fuch, as the naturalift may beft give, he 
exclaims, in one place, ‘* Flow manifold are thy P&al. civ. 
“¢ works, O Lord? how wifely haft thou made 24- 
“< them,”’ (as ‘funius and Tremellius render it, and 
the Hebrew will bear ;) and elfewhere, ‘* The Pfal xix. 
“< heavens deciare the glory of God, and the fir- 
“© mament fheweth his handy-work, sc.” Again, 
in another place, ‘ I will praife thee, becaufe I Pfal. 
“< am fearfully and wonderfully made. Marvel- °° 
<¢ lous are thy works, and that my foul knoweth * 
“¢ right well.’” And not content with many of 
the like expreffions, he does feveral times, in 
a devout tranfport, and poetical ftrain, invite 
the heavens, and the ftars, and the earth, and 
the feas, and al! the other inanimate creatures, 
to join with him in the celebration of their com- 
mon maker. Which, though it feem to be 
merely a poetical fcheme, yet, in fome fort, it 
might become a naturalift, who, by making out 
the power, wifdom, and goodnefs of the Crea- 
tor; and by reflecting thence on thofe particu- 
lars, wherein thofe attributes fhine, may, by 
fuch a devout confideration of the creatures, 
make them, in a fenfe, join with him in glori- 
fying their author. 

In any other cafe, I dare fay, your friend ts 
not foill-natured, but that he would think it 
an unkind piece of ingratitude, if fome great 
and excellent prince, having freely and tran- 
{fcendently obliged him, he fhould not concern 
himfelf to know what manner of man his be- 
nefaétor is; and fhould not be folicitous to in- 
form himfelf of thofe particulars, relating to 


the perfon and affairs of that obliging monarch, 
which 
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which were not only in themfelves worthy of 
any man’s curiofity, but about which the prince 
had folemnly declared, he was very defirous to 
have meninquifitive. And furely tt is very dif- 
ingenious, to undervalue, or neglect the know- 
ledge of God himfelf, for a knowledge, which 
we cannot attain without him, and by which 
he defigned to bring us to that ftudy we neg- 
le&t for it: which is not only, not to ufe him as 
a benefactor, .but as if he meant to punifh him, 
(if I may fo fpeak,) for having obliged us, 
fince we fo abufe fome of his favours, as to 
make them inducements to our unthankful dif- 
regard of his intentions in the reft. And this 
ingratitude is the more culpable, becaufe the 
laws of ingenuity, and of jultice itfelf, charge 
us to glorify the maker of all things vifible, 
not only upon our own account, but upon that 
of all his other works. For, by God’s endow- 
ing of none but man here below, with a rea- 
fonable foul, not only he is the fole vifible be- 
ing, that can return thanks and pratfes in the 
world, and thereby 1s obliged to do fo, both 
for himfelf, and for the reft of the creation ; 
but it is for man’s advantage, that God has left 
no other vifible beings in the world, by which 
he can be ftudied'and celebrated. For reafon 
is fuch a ray of divinity, that, if God had 
vouchfafed it to other parts of the univerfe be- 
fides man, the abfolute empire of man over the 
reft of the world muft have been fhared, or 
abridged. So that he, to whom it was equally 
eafy to make creatures fuperior to man, (as the 
{cripture tells us of legions, and myriads of 
angels,) as to make them inferior to him, dealt 
fo obligingly with mankind, as rather to truft 
(Gf I may fo fpeak) our ingenuity, whether he 
fhall reap any celebrations from the creatures 
we converfe with, than leffen our empire over 
them, or our prerogatives above them. 

But I fear, that, notwithftanding all the 
excellency of revealed truths, and coniequent- 
ly of that only authentic repofitory of them, 
the fcripture, you, as well as I, have met with 
fome (for I hope there are not many) virtuofi, 
that think to excufe the neglect of the ftudy of 
it, by alledging, that, to them, who are lay- 
men, not ecclefiafticks, there is required to fal- 
vation the explicit knowledge but of very few 
points, which are fo plainly fummed up in the 
apoftles creed, and are fo often and con{picu- 
oufly fet down in the feripture, that one needs 
not much fearch, or ftudy, to find them there. 

In anfwer to this allegation, I readily grant, 
that through the great goodnels of God, who 
is willing to have all men faved, and come 
to the knowledge of the truth, that is necef- 
fary to befo, there are much fewer articles ab- 
folutely neceffary to be by all men diftinctly 
believed, than may be met with in divers long 
confeffions of faith, fome of which have, I fear, 
lefs promoted knowledge than impaired chari- 
ty. But then it may bealfo confidered, 1. 
That it is not fo eafy fora rational man, that 
will trouble himfelf to enquire no farther than 
the apoftles creed, to fatisfy himfelf upon good 
grounds, that all the fundamental articles of 


Chriftianity are contained in it. %. That the 


creed propofes only the credenda, not the a- Joh. xij. 
genda of religion; whereas the {criptures were 7. 
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defigned, not only to teach us what truths we He. v- 9 


are to believe, but by what rules we are to 
live; the obedience to the laws of Chriftianity 
being as neceffary to falvation, as the belief of 
its myfteries. 3. That befides the things, which 
are abfolutely neceffary, there are feveral, that 
are highly ufeful, to make us more cleaily un- 
derftand, and more rationally and firmly. be- 
lieve, and more fteadily practice, the points, 
that are necefflary. 4. And fince, whether or 
no thofe words of our Savicur to the Jews, 


Egeware vas ypedas * be to be rendered in the Jeh. v.39: 


lmperative or indicative mode ; St. Pau! would 
have the word of Chrift to dwell richly in us, 


(by which, whether he mean the holy fcriptures Cole4: i. 


then extant, or the doctrine of Chrift, is not 
here material;) thereby teaching us, that 
fearching into the matters of religion may be- 
come neceflary, as a duty, though it were not 
otherwile neceffary, as a means of attaining fal- 
vation. And indeed it is far more pardonable 
to wantor mifs the knowledge of truths, than 
to defpife or neglect it. And the ‘goodnefs 
of God to illiterate or miftaken perfons is to 
be fuppofed meant in pity to our frailties, not 
to encourage our lazinefs ; nor is it neceffary, 
that he, that pardons thofe feekers of his truths, 
that mifs them, fhould excufe thofe defpifers, 
that will not feek them. 

But whether or no by this defigned neglect 
of theology the perfons, I deal with, do. fuf- 
ficiently confult their own fafety, I doubt they 
will not much recommend their ingenuity. 
For to have received from God a greater 
meafure of intellectual abilities than the ge- 
nerality of Chriftians, and yet willingly to 
come fhort of very many of them, in the 
knowledge of the myfteries, and other truths 
of Chriftianity, which he often invites us, if 
not expreisly commands, to fearch after, is a 
courfe, that will not relifh of over-much gra- 
titude. Is it a piece of that, and ofingenuity, 
to receive one’s underftanding and one’s hopes 
of eternal felicity from the goodnefs of God, 
without being follicitous of what may be 
known of his nature and purpofes, by fo ex- 
cellent a way as his own revelation of them? 
to difpute anxioufly about the properties of 
an atom, and be carelefs about the enquiry in- 


to the attributes of the great God, whop.. 
formed all things; to inveftigate the fpon- to, 


taneous generation of fuch vile creatures as 
infects, than the myfterious generation of the 
adorable Son of God; and, in a word, to be 
more concerned to know every thing, that 
makes a corporeal part of the world, than the 
divine and incorporeal author of the whole ? 
AnD then, is it not, think you, a great piece 
of refpect, that thefe men pay to thofe truths, 
which God thought fit to fend fometimes 
prophets and apoftles, fometimes angels, and 
foumetimes his only Son himfelf, to reveal, 
that fuchtruths are fo little valued by them, 
that rather than take the pains to ftudy them, 
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they will implicitly, and at adventures believe, 
what that fociety of Chriftians, they chance 
to be born and bred in, have, truly or falfely, 
delivered, concerning them? And does it ar- 
gue a due regard to points of religion, that 
thofe, who would not believe a propofition in 
ftaticks, perhaps about a mere point, the cen- 
tre of yravity, or in geometry, about the 
properties of fome namelefs curve line, or 
fome fuch other things, (which to igaore, is 
ulually not a blemifh, and about which to be 
miftaken, is more ufually without danger) 
fhould yet take up the articles of faith, con- 
cerning matters of great and everlafting con- 
fequence, upon the authority of men, fallible 
as themfelves, when fatisfaction may be had 
without them from the infallible word of 
God? in this very unlike thofe Bereans, whom 
the Evangeliit honours with the title of Nuble, 
that when the doctrines of the gofpel were pro- 
pofed to them, ‘ they fearched the {criptures 
** daily, whether thofe things were fo.” 

AGAIN, if a man fhould refute to learn to 
read any more, than juft as much as may ferve 
his turn, by intituling him to the benefit of 
the clergy, to fave him from hanging} would 
thefe men think fo fmall a meafure of litera- 
ture, as he had acquired on fuch an account, 
could prove that man to be a lover of learn- 
ing; and yet a neglecter of the ftudy of all 
not abfolutely neceffary-divine truths, during 
one’s life, becaufe the belief of the articles of 
the creed may make a fhift to keep him from 
being doomed to hell for ignorance after his 
death, will not by (what in a learned man 
muft be) fo pitiful a degree of knowledge be 
much better intitled to that ingenuous love of 
God and his truths, that becomes a rational 
creature and a Chriftian. 

THE ancient prophets, though honoured 
by God with direct illuminations, were yet 
very folicitous to find out and learn the very 
circumftances of the evangelical difpenfations, 
which yet they did not know. And fome of 
the gofpel myfterics are of fo noble and excel- 
lent a nature, that ** the angels themfelves de- 
‘¢ fire to lookintothem.” And though all the 
evangelical truths are not precifely neceffary 
to be known, it may be both a duty not to 
cefpife the ftudy of them, anda happinefs to 
employ ourfelves about it. It was the ear- 
neit prayer of a ereat king, and no lefs a pro- 
phet, that his eyes might be opened to be- 
hold (not the obvious and neceffary truths, 
but) the wondrous things of God’s law. He 
Is pronounced happy inthe beginning of the 
Apocalypfe, that reads and obferves the things 
contained in that dark and obfcure part of 
{cripture. And it is notonly thofe truths, that 
male articles of the creed, but divers other 
doctrines of the gofpel, that Chrift himfelf 
judged worthy to be concluded with this epi- 
phonema, * He that hath ears to hear, let him 
‘¢ hear; on which,the excellent Grotius makes 
this juft paraphrafe, Intellec?us nobis a Deo po- 
tifinum datus eft, ut eum intendamus documen- 
tis ad pietatem pertinentibus, 
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SECTION dil. 
COME now to our third and laft induce. 


ment to the ftudy of divine things, which 
confifts in, and comprifes the advantages of 
that ftudy, which do as much furpafs thofe of 
all other contemplations, as divine things 
tranfcend all other obiects. And indeed, the 
utility of this ftudy is fo pregnant a motive, 
and contains in it fo many invitations, that 
your friend muft have as little fenfe of intereft, 
as of gratitude, if he can neglect fuch powerful 
and fuch engaging invitations. 

For, in the firft place, theological ftudies 
ougat to be highly endeared to us, by the de- 
lightfulnefs of confidering fuch noble and wor- 
thy objects, as are therein propofed. 

THE famous anfwer given by an excellent 
philofopher, who being afked, what he was born 
for? replied, ‘* To contemplate the fun,’ may 
juftly recommend their choice, who fpend 
their time in contemplating the maker of the 
jun, to whom that glorious planer it felf is 
but a fhadow. And perhaps that philofopher 
failed more in the inftance than in the notion : 
for his anfwer implies, that man’s end and 
happinefs confift in the exercile of his nobleft 
faculties on the nobleft objects. And furely the 
feat of formal happinefs being the foul, and 
that happinefs conlequently confifting in the 
operations of her faculties ; as the fupreme fa- 
culty of the mind is the underftanding, f the 
higheft pleafures may be expected from the due 
exercife of it upon the fublimeft and worthieft 
objects. And therefore I wonder not, that 
though fome of the fchool-men would affign 
the will a larger fhare in man’s felicity, than 
they will allow the intellect; yet the gene- 
rality of them are quite of another mind, and 
alcribe the preheminence, in point of felicity, to 
the juperior faculty of the foul. But whether 
or no this opinion be true in all cafes, it may, 
at leaft, be admitted in ours: for the chief ob- 
jects of a Chriftian philofopher’s contempla- 
tion being as well the infinite goodncls, as 
the other boundlefs perfections of God, they 
are naturally fitted to excite in his mind an ar- 
dent love of that adorable Being, and thole o- 
ther joyous affections and virtuous difpofitions, 
that have made fome men think happineis 
chiefly feated in the will. But having inti- 
mated thus much by the way, I pafs on toadd, 
that the contentment afforded by the affiduous 
difcovery of God and divine myfteries has fo 
much of affinity with the pleafures, that fhall 
make up men’s bleffednels in heaven it felf, 
that they feem rather to differ in degree than 
in kind. Forthe happy ftate even of angels 
is by our Saviour reprefented by this employ- 
ment, ** That they continually {ee the face of 
his father, who isin heaven.”? And the fame 
infallible teachcr, intending elfewhere to ex- 
prefs the celeftial joys, that are relerved for 
thole, who for their fake denied themfelves 
fenfual pleafures, employs the vifion of God 
as an emphatical periphraie of felicity, *¢ ae 

aid 


Matth. faid he, are the pure in heart, for they fhall to pluck out his right eye, or cut off his right Matth. v. 
v.8. fee God.’? And as Ariffotle teaches, that the hand; yct even ladies have with fatisfaction®9: 3? 
foul doth after a fort become that, which it chofen, not only to deny themfelves the ercat- 
fpeculates, St. Paul and St. Fohn aflure us, eft pleafures of the fenfes, but to facrifice the 
that God is a transforming object, and thatin feat of them, the body ir felf, to preferve the 
heaven “ we fhall be like him, for (or, becaufe) fatisfaction of being chafte. Nor arc they on- 
1 John «¢ we fhall fee him, as heis. AndthoughI ly the dictates of obedience, that we comply 
“o.,  Yeadily admit, that this beatifick vifion of God, with in this ftudy, but thofe of gratitude 3 
wherein the underftanding is the proper inftru- and that is a virtue, that has fo powerful an 
ment, includes divers other things, which will afcendant upon ingenuous minds, that thofe, 
concur to the complete felicity of the future whofe principles and aims were not elevated 
life ; yet I think, we may be allowed to argue, by religion, have, in acknowledgment to their 
that that ravifhing contemplation of divine parents and their country, courted the greateft 
objects will make no imal! part of that happy hardfhips, and hazards, and fufferings, as if 
eftate, which in thefe texts take irs denomina- they were as great delights and advantages. 
tion from it. And a grateful perfon fpends no part of his life 
I have above intimated, that the fcripture at- to his greater fatisfaction, than that, which he 
tributes to the angels themfelvcs tranfports of ventures or employs for thofe to whom he is 
wonder and joy upon the contemplation of obliged for it; and oftentimes finds a greater 
God, and the exercifes they confider of his contentment even in the difficulteft acknow- 
wifdom, juftice, or fome other of his attri- ledgments of a favour, than he did in receiving 
butes. But left, in referring you to the angels, of it. 
you fhould fay, that I do in this difcourfe lay ANOTHER advantage, and that no mean 
afide the perfon of a naturalift, in favour of one, that may accrue from the contemplation 
divines ; I will refer you to Des Cartes him- of theological truths, 1s, the improvement of 
felf, whom I am fure your friend will allow to the contemplator himfelf in point of piety and 
have been a rigid philofopher, if ever there virtue. For, as the gofpel is ftiled, the my- 
were any. Thus then {peaks he inthat treatife, {tery of godlinefs ; and St. Paul elfewhere calls; Tim; 
where he thinks he employs a more than ma- whatit teaches, the truth, which is accordingiii. 16. 
thematical rigor; and where he was obliged to godlinefs, that is, a doctrine framed and Tit. j. 1. 
to utter thofe (I had almoft faid paffionate) fitted to promote the intereft of piety and vir- 
words, Iam goingto cite from him, only by tue in the world: fo this chara¢ter and en- 
the impreffions made on him by the tranfcen- comium belongs (though perhaps not equally) 
dent excellency of the object he contemplated, to the more retired truths difcovered by fpecu- 
Medit. Sed priufquam (fays he) hoc diligentius exami-  Jation, as well as to thofe more obvious ones, 
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vertia fub nem, fimulque in alias veritates, que inde colligi that are familiarly taught in catechifms and 


fem. —poffunt, ingquiram, placet hic aliquandiu in ip-  confeffions of faith. I would by no means 
fius Dei contemplatione immorari, ejus attributa \effen the excellency and prerogatives of fun- 
apud me expendere, {5S immenft bujus luminis damentals; but, fince the grand and nobleft 
pulchritudinem, quantum caligantis ingenii mei engagements to piety and virtue are a high 
acies ferre poterit, intueri, admirari, adorare. veneration for God and _ his Chrift, and an ar- 
Ut enim in hac fola Divine Majeftatis contem- dent love of them; I cannot but think, that 
platione fummam alterius vite felicttatem con-  thofe particular enquiries, that tend to make 
Siftere fide credimus;, ita etiam jam ex eadem, greater difcoveries of the attributes of God, of 
licet multo minus perfetia, maximam, cujus in the nature, and offices, and life of our faviour, 
bac vita capaces fiinus, voluptatem, percipi and of the wifdom and goodnefs they have 
polfe experimur. difplayed in the contrivance and effecting of 
But as high a fatisfaétion as the ftudy of di- man’s redemption, do likewife tend to en- 
vine things affords by the noblenefs of its ob- creafe our admiration, and inflame our love, 
ject, the contentment is not much inferior, that for the poffeffors of fuch divine excellencies, 
accrues from the fame ftudy, upon the fcore of and the authors of fuch invaluable benefits. 

the fenfe of a man’s having in it performed And as the brazen ferpent, that was but anny 

his duty. To make actions of this nature type of one of the gofpel myfteries, brought xxi. 9. 
fatisfactory to us, there is no need, that recovery to thofe, that looked up to it; fo 
the things we are employed about, fhouid in the mytteries themfelves, being duly confi- 
themfelves be excellent or delightful; the in- dered, have had a very fanative influence on 
ward gratulations of confcience for having many, that contemplated them. Nor is it 
done our duties is able to gild the bittereft pills, likely, thathe, that difcerns more of the depth 
and like the wood, that grew by the waters of of God’s wifdom and goodnefs, fhould not, 
aw. Marah, to correct and {weeten that liquor, ceteris paribus, be more difpoted than others 
ae which before was the moft diftafteful. Thofe to admire him, to love him, to truft him, and fo 


ancient Pagan heroes, whole virtues may 
make us blufh, being guided but by natural 
reafon, and innate principles of moral virtues, 
could find the moft dificult and molt trouble- 
fome duties, upon the bare account of their 
being duties, not only tolerable, but pleafant. 
And though to deny fome lufts be, in our Sa- 
viour’s efteem, no lefs uneafy, than for a man 


to refign up himfelf to be governed by him: 
which frame of mind Loth is itizif a great part 
of the worfhip of God, and doth directly tend 
to the production and increafe of thofe vertues, 
without the practice of which, the feripture 
plainly tells us, that we can neither obcy God, 
nor exprefs ourlove to him. And from this bet- 
tering of the mind by the ftucy cf theology, will 

how 


Diogenis 
Lacréti 


ib. 10. 


flow (to add that upon the by) another be- 
nefit, namely, that by giving us a higher value 
for God and his truths, it will endear heaven 
to us, and fo not only affift us to come thither, 
but heighten our felicity there. 

I know it may be faid, that the melioration 
of the mind is but a moral advantage. But 
sive me leave to anfwer, that befides that it 
js {uch a moral advantage, as fuppofes an intel- 
lectual improvement, whofe fruit it is, a moral 
benefit may be great enough, even in the judg- 
ment of a mere philoiopher, and an Epicurean, 
to deferve as much ftudy as natural philolophy 
itielf, And that you may not think, that I 
Speak this only, becaule I write in this epittle 
as a friend to divines, I will tell you, that Epi- 
curus hiniclt, who has now a-davys fo nume- 
rous a Ject of naturalifts to tollow him, ftudied 
phyficks, and writ fo many treatiics about 
them for this end, that by knowing the natural 
caufes of thunder, Iightning, and other dread- 
ful phvenomena, the mind might be freed 
from the difquieting apprehenfions men com- 
monly had, that fuch ttrange and formidable 
things proceeded from fome incenfed deity, 
and fo might trouble the mind, as well as the 
air. This account I have been giving of Epi- 
curuss Afign, is but what feems plaanly e- 
nough intimated by nis own words, preferved 
us by Lacrtins, near the cnd of his phyfiolo- 
gical epiltle to F/eredotus, wheie recommend- 
ing to him the confhideration of what he had 
delivercd about phyfical principles in general, 
and metcors in particular, he fubjoins, Si enim 
ab ifiis non cifceffirimus, tum id unde oritur 
perturbatio, quodque metum ingerit, rea cum 
raticne ediffercmus, nofque ab ipfis exinemus, 
And to this in the clofe of his meteorological 
epiltle to Pytbocles, his bedt interpreter, Ga/- 
fendus, makes him fpcak conftantly in thefe 
words, Afexime werd dede teipfum fpcecula- 
tioni principiorum, ex quibus conftant omnia, 8 
infinitalis nature, aliorunque bis coberentium, 
Tnfuper vero critertorum, affeéiuumque animi, 
ES fcopum illius, in quem ifta edifferentes cel- 
lincavinus, altende, tranquillitatem intelligo 
flatumque mentes tiunperturbatum. But this is 
not all the teftimony I can give you from Epi:- 
curus himf{clf to the fame purpote ; for among 
his Rate Sentcntiec, preterved us by Laertius, 
(himfelf reputed an Epicurean) I And one, that 
gocs further; Sénibil, fays he, conturbaret nos 
quod fifpicamur, vcrenurgque ex rebus fublimibus, 
neque tlem quodex itfa morte, ne quando nimiruim 
ad nos pertineat aliquid, acnoffe precterea poffemus, 
qui Germani fines dolorum atque cupiditatum fint 
(ex ay W pre: Ione QuawwArsyices) nibil phfiologia indi- 
geremus. Vhus far the teftimony of Kpicurus, of 
whofe mind though Iam not at all, as to what 
he would intimate, ‘* hat phyfiology is either 
“© proper to free the mind from the belief of 
*< 4 provident deity, and che foul’s immorta- 
‘¢ lity, or fic for no other confidcrable pur- 
“© notes 3”? yet this ule we may well make of 
theie declarations, that in Epzcurus’s opinion 
a meral advantage, that relates to the govern- 
ment: of the affections, may deferve the pains 
of making enquiries into nature. And fince it 
hence appears, that a mere philofopher, who 
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admitted no providence, may think it worth 
his pains, to fearch into the abftrufeft parts of 
phyficks, and the difficulteft phenomena of 
nature, only to eafe himtelf of one trouble- 
fome affection, fear; it need not be thought 
unphilofophical, to profecute a ftudy, that will 
not only reftrain one undue pafiion, but ad- 
vance all virtues, and free us trom all fervile 
fears of the Deity; and tend to give usa {trong 
and well-grounded hope in him; and make us 
look upon God’s greateft power, not with ter- 
ror, but with joy. 

THERE Is yet another advantage belonging 
to the ftudy of divine truths, which is too 
ereat to be here pretermittcd. For whereas 
there is fcarce any thing more incident to us 
whillt we inhabit our (daf!é choner) cottages 


of clay, and dwell in this vale of tears, than Job. iv. 


afflictions ; it ought not a littic to endear to us 19- 
the newly mentioned ftudy, that it may be ea- 
fily made to afford us very powerful contola- 
tions in that otherwife uneafy {tate. 

I know it may be faid, that che fpeculations, 
about which the naturaliit is bufied, are as well 
pleafing diverfions, as noble employments of 
the mind, And I deny not, that they are often 
fo, when the mind is not hindered from ap- 
plying it felf attentively to them ; fo chat af- 
Hictions flight and fhort may well be weathcred 
out by theie philofophical avocations ;_ but the 
greater and fharper fort of afflictions, and the 
approaches of death, require more powerful 
remedies, than thefe diverfions can aHord us. 
For in fuch cafes, the mind is wont to be too 
much difcompoled, to apply the attention re- 
quifite to the finding a pleafure in phyfical fpe- 
culations ; and in fickneffes, the joul is often- 
times as indifpoted to relifh the pleafures of 
merely human ftudies, as the languifhing body 
is to relith thofe meats, which at other times 
were delightful : and chere are but few, thac 
can take any great pleafure to ttudy che world, 
when they apprehend themifelves to be upon 
the point of being driven out of it, and in 
danger of lofing all their thare in the objects 
of their contemplation. It will not much 
qualify our fenfe of the burning heat of a fe- 
ver, or the painful gripes of the cholick, to 
know, that the three angles of a triangle are 
equal to two right ones 3 or, that heat is not a 
real quality (as the Ichools would have it,) but 
a modihcation ot the motion of the infenfible 
parts of matter ; and pain nota diftinét, in- 
herent quality in the things, that produce it, 
but an aflection of che fentiment. The natu- 
ralift’s {peculations afford him no confolations, 
that are extraordinary in, or peculiar to the 
{tate of affliction ; and the avocations, they 
prefent him with, do rather amufe the mind 
from an attention to leffer evils, than bring ic 
any advantages to remove or compenfate them, 
and fo work rather in the nature of opiates, 
than of true cordials. 

But now, if fuch a perfon as Dr. N. falls 
into adverfity, che cafe is much otherwife; for 
we muft confider, that when the ftudy of di- 
vine things is fuch as it ought to be, though 
that in itfelf, or in the nature of the employ- 
ment, be an act or cxercife of reafon 5 yet be- 

ing 
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ing applied fo, out of obedience, and grati- 
tude, and love to God, it is upon the account 
of its motives, and its aim, an act of religion ; 
and as it proceeds from obedience, and thank- 
fulnefs, and love to God, fo it is moft accepta- 
ble to him; and upon the account of his own 
appointment, as well as goodnefs, is a moft 
proper and effectual means of obtaining his ta- 
vour ; and then I prefume, it will eafily be 
granted, that he, who is fo happy as to enjoy 
that, can fcarce be made miferable by affliction. 
For not now to enter upon the common place 
of the benefits of afflictions to them, that love 
God, and to them, that are loved by him, it 
may fuffice, that he, who (as the {cripture 
peaks) knows our frame, and has promifed 
thofe, that are his, that they fhall not be over- 
burdened, is difpofed and wont to give his af- 
flicted fervants, both extraordinary comforts in 
afflictions, and comforts appropriated to that 
ftate. For though natural philofophy be like 
its brighteft object, the ftars, which, however 
the aftronomer can with pleafure contemplate 
them, are unable, being mere natural agents, 
to afford him a kinder influence than ufual, in 
cafe he be caft upon his bed of languifhing, or 
into prifon; yet the almighty and compaf- 
fionate maker of the ftars, being not only a 
voluntary, but the moft free agent, can fuit 
and proportion his reliefs to our neceffities, and 
alleviate our heavieft afflictions by fuch fup- 
porting confolations, that not only they can 
never furmount our patience, but are often- 
times unable fo much as to hinder our joy ; and 
when death, that king of terrors, prefents it- 


felf, whereas the mere naturalift fadly expects. 


to be deprived of the pleafure of his know- 
ledge, by lofing thofe fenfes and that world, 
which are the inftruments and the objects of 
it; and perhaps, difcovering beyond the grave 
nothing but either a {tate of eternal deftruction, 
or of eternal mifery, fears either to be con- 
fined for ever to the fepulchre, or expofed to 
torments, that will make even fuch a condi- 
tion defirable; the pious ftudent of divine 
truths is not only freed from the wracking 
apprehenfions of having his foul reduced to a 
{tate of annihilation, or caft into hell, but 
enjoys a comfortable expectation of finding far 
greater fatisfaction than ever, in the ftudy he 
now rejoices to have purfued ; fince the change, 
that is fo juftly formidable to others, will but 
bring him much nearer to the divine objects 
of his devout curiofity, and ftrangely elevate 
and enlarge his faculties to apprehend them. 
Awnp this leads me to the mention of the 
laft advantage belonging to the ftudy I would 
perfuade you to; and indeed, the higheft ad- 
vantage, that can recommend any ftudy, or 
invite men to any undertaking ; for this is no 
lefs than the everlafting fruition of the divine 
objects of our ftudies hereafter, and the com- 
fortable expectation of it here. For the em- 
ploying of one’s time and parts, to admire the 
nature and providence of God, and contem- 
plate the divine mayfteries of religion, as it is 
one of the chief of thofe homages and fer- 
vices, whereby we venerate and obey God ; 
fo it is one of thofe, to which he hath been 
Vet. UL. 


pleafed to apportion no lefs a recompence,; 
than (that which can have no greater) the mene 
° . ° an 1X; 
enjoyment of himfelf. The faints and angels 7, ) 
in heaven have divers of them been employed Luke i. 
to convey the truths of theology, and are fo- 11, 25. 
licitous to look into thofe facred myfteries , ““? ts 
and God hath been pleafed to appoint, that ea 2 
thofe men who ftudy the fame leffons, that 12. 
they do here, fhall ftudy them in their com- 
pany hereafter. And doubtlefs, though hea- 
ven abound with unexpreffible joys, yet it ‘will 
be none of the leaft, that fhall make up the 
happinefs, even of that place, that the know- 
ledge of divine things, that was here fo zea- 
loufly purfued, fhall there be compleatly at- 
tained. For thofe things, that do here moft 
excite our defires, and quicken the curiofity 
and induftry of our fearches, will not only 
there continue, but be improved to a tar 
greater meafure of attractivenefs and influence, 
For all thofe interefts, and paflions, and lufts; 
that here below either hinder us from clearly 
difcerning, or keep us from fuificiently va- 
luing, or divert us from attentively enough 
confidering, the beauty and harmony of di- 
vine truths, will there be either aboluhei, or 
transfigured: and as the object will be un- 
veiled ; fo our eye will be enlightened, that 
is, as God will there difclofe thofe worthy ob- 
jects of the angels curiofity, fo he will enlarge 
our faculties, to enable us to gaze, without be- 
ing dazled, upon thofe fublime and radiant 
truths, whofe harmony, as well as fplendor, 
we fhall be then qualified to difcover, and con- 
fequently with tranfports to admire. And 
this enlargement and elevation of our faculties 
will, proportionably to its own meafure, in- 
creafe our fatisfaction at the difcoveries it will 
enable usto make. For theology is likea hea- 
ven, which wants not more ftars than appear 
in it, but we want eyes, quick-fighted and 
piercing enough to reach them. And as the 
milky way, and other whiter parts of the fir- 
mament, have been full of immortal lights 
from the beginning, and our new telefcopes 
have not placed, but found them, there; fo, 
when our Saviour, after his glorious refurrec- 
tion, inftructed his apoftles to teach the gofpel, 
it is not faid, that he altered any thing in the Lukexxiv. 
{criptures of Mo/es and the prophets, but on- PUL. exi 
d and enlarged their intelleéts, that is" 
y opened a g e ects, that 9 
they might underftard the fcriptures: and the 
royal prophet makes it his prayer, “ That 
‘¢ God would be pleafed to open his eyes, that 
“¢ he might fee wonderful things out of the 
‘* law 5’ being (as was above intimated) fo 
well fatisfied, that the word of God wanted 
not admirable things, that he is only folici- 
tous for the improvement of his own eyes, 
that they might be qualified to difcern them, 
I had almoft forgotten one particular abotit 
the advantages of theological ftudies, that is 
too confiderable to be left unmentioned : for as 
great as Ihave reprefented the benefits accruing 
from the knowledge of divine truths ; yet to 
endear them to us, it may be fafely added, 
that, to procure us thefe benefits, the actual at- 
tainment of that knowledge is not always abfo- 
lutely neceffary, but a hearty endeavour after 
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it may fuffice to entitle usto them. The pa- 
tient chemift, that confumes himfelf and his 
eftate in feel.ing after the philofopher’s ftone, 
if he mifs of his idolized elixir, had as good, 
nay better, have never fought it, and remains 
as poor in effect, as he was rich in expectation. 
The hufbandman, that employs his feed and 
time, to obtain from the ground a plentiful 
harveft, if, after all, an unkind feafon happen, 
mutt fee his toil made fruitlefs ; 


longique perit labor irvitus anni. 


Too many patients, that have punctually 
done and fuffered for recovery, all, that phy- 
ficians could prefcribe, meet at laft with death, 
inftead of health. You know what entertain- 
ment has been given by fkilful geometricians 
to the laborious endeavours, even of fuch fa- 
mous writers as Scaliger, Longomontanus, and 
other Tetragonifts; and that their fucceffor 
Mr. Hobbes, after all the ways he has taken, 
and thofe he has propofed, to fquare the circle, 
and double the cube, by miffing of his end, 
has, after his various attempts, come off, not 
only with difappointment, but with difgrace. 
And (to give an inftance even in things celeftial) 
how much pains has been taken to find out 
longitudes, and make aftrological predictions 
with fome certainty, which for want of coming 
up to what they aimed at, have been ufelefs, 
if not prejudicial to the attempters ? 

But God (to fpeak with St. Paz? on ano- 
ther occafion) ‘* that made the world, and ail 
«¢ things therein, and is lord of heaven and 
“ earth,’”’ feeks not our fervices, as though he 
«© needed any thing, feeing he giveth life, and 
«© breath, and all things :’’ his felf-fufficiency 
and bounty are fuch, that he feeks in our obe- 
dience the occafions of rewarding it, and pre- 
fcribes us fervices, becaufe the practife of them 
is not Only fuitable to our rational nature, but 
fuch as will prevail with his juftice, to let his 
goodnefs make our perfons happy. Agreeably 
to this doctrine we find in the fcripture, that 
Abrabam is faid to have been “ juftified by 
«¢ faith, when he offered his fon J/ga¢ upon the 
“¢ altar,’’ (though he did not actually facrifice 
him) becaufe he endeavoured to do fo; al- 


though God gracioufly accepting the will for - 


the deed, accepted alfo of the blood of a ram 
inftead of J/aac’s. And thus we know, that 
it was not David, but Solomon, that built the 
temple of Hierufalem, and yet God fays to 
the former of thofe kings (as we are told by 
the latter) ‘* Forafmuch as it was in thine 
«¢ heart to build an houfe for my name, thou 
«© didft well in that it was in thine heart, not- 
<¢ withf{tanding thou fhalt not build the houfe, 


“© &c.”? And if we look to the other circum- ’ 
{tances of this ftory, as they are delivered in « 
the fecond book:of Samuel, we fhall find, that ° 


upon David’s declaration of a defign to build 
God an houfe, God himfelf vouchfafes to ho- 
nour him, as he once did Mo/es, with the pe- 
culiar title of his fervant ; and commands the 
prophet to fay to him, “ Alfo the Lord tells 
«¢ thee, that he will make thee an houfe ;”’ to 


which is added one of the gracioufeft meflages, 
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that God ever fent to any particular man. BY 
which we may learn, that God approves and 
accepts even thofe endeaveurs of his fervants, 
if they be real and fincere, that never come to 
be actually accomplifhed: good defigns and 
endeavours are our part, but the events of 
thofe, as of all other things, are in the all-dif- 
pofing hand of God, who, if we be not want- 
ing to what lies in us, will not fuffer us to be 
lofers by the defeating difpofitions of his pro- 
vidence ; but crown our endeavours, either 
with fuccefs, or with fome other recompence, 
that will keep us from being lofers, by miffing 
of that. And indeed, if we confider the great 
elogies, that the fcripture, as well frequently 
as juftly, gives God’s goodnefs (which it’ re- 


prefents as over, or as above all his works) and Hab.1.13- 


that his purer eyes punifh, as well as fee, the 
murder and adultery of the heart, when thofe 
intentional fins are hindered from advancing 
into actual ones; we can fcarce doubt, but he, 
whole juftice punifhes finful aims, will allow 
his infinite gcodnefs to recompenfe pious at- 


tempts: and therefore our Saviour pronounces yfatth. y. 
them bleffed, that hunger and chirft after righ- 6, 


teoufnefs, affuring them, that they fhall be fa- 
tisfied, and thereby fufficiently intimating to 
us, that an earneft defire, after a fpiritual grace 
(and fuch is the knowledge of divine things) 
may intitle a man to the complete poffeffion of 
it, if not in this life, yet in the next, where 


we fhall not any more walk by faith, but by 2 Cor. v: 
fight, and obtain as well a knowledge as other 7- 


endowments, befitting that glorious ftate, 
wherein the purchafer of it for us, affures us, 


the angels. 

Tue confiderations, Sir, I have hitherto 
laid before you, to recommend the ftudy of 
divine truths, have, 1 hope, perfuaded you, 
that it is on many accounts, both noble and 
eligible in itfelf ; and therefore I fhall here con- 
clude the firft part of this difcourfe. And in 
regard, that the under-valuation Phyfopbilus 
expreffes for that excellent employment, feems 
to flow (chiefly at leaft) from his fondnefs and 
partiality for natural philofophy; it will nexe 
concern us to compare the ftudy of theology 
with that of phyficks, and fhew, that the ad- 
vantages, which your friend alledges in favour 
of the latter, are partly much leffened by dif- 


advantageous circumftances, and partly much 
outweighed by the tranfcendent excellencies of 


theological contemplations: the ftudy whereof 
will thereby appear to be not only eligible in it- 


felf, but preferable to its rival. And I muft 


give you warning to expect to find the fecond 
part, which the making this comparifon chal- 
lenges to itfelf, a good deal more prolix than 
the firft; not only becaufe it often requires 
more trouble, and more words to deteét and 
difprove an error, than to make out a truth; 
but alfo becaufe, that divers things tending to 
the credit of divinity, and which confequently 
might have been brought into the firft part of 
this difcourfe, were thought more fit to be in- 
terwoven with other things, in the anfwers 
made to the objections examined in the fecond. 
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THE SECOND PART. 


fr SHALL, without preamble, begin this 
| difcourfe, by confidering the delightful- 
nefs of phylicks, as the main thing, that 
inveigles your friend, and divers other virtuofi, 
from relifhing, as they ought, and otherwife 
would, the pleafantnefs of theological difco- 
veries. And to deal ingenuoufly with you, I 
fhall not fcruple to acknowledge, that though 
the addrefs I have made to nature has lafted 
feveral years, and has been toilfome enough, 
and not unexpenfive ; yet I have been pleafed 
enough with the favours, fuch as they are, 
that fhe has from time to time accorded me, 
not to complain of having been unpleafantly 
employed. But though I readily allow the at- 
tainments of naturalifts to be able to give phi- 
lofophical fouls fincerer pleafures, than thofe, 
that the more undifcerning part of mankind is 
fo fond of; yet I muft not therefore allow 
them to furpafs, or even equal the content- 
ment, that may accrue to a foul qualified by 
religion, to relifh the beft things moft from 
fome kind of theological contemplations. 

Tuts, I prefume, will fuficiently appear, 
if I fhew you, that the fludy of phyfiology 
is not unattended with confiderable inconve- 
niencies, and that the pleafantnefs of it may 
be, by a perfon ftudious of divinity, enjoyed 
with endearing circumftances. 

But before I name any of the particular 
reafons, that Iam to reprefent, I fear it may 
be requifite to interpofe a few words, to ob- 
viate a miftake, which, if not prevented, 
may have an ul afpect, not only upon the 
firft fection, but upon a great part of the fol- 
lowing difcourfe. For 1 know, that it may 
be faid, that whereas I alledge divers things, 
to leffen the lately mentioned delightfulnefs of 
the ftudy of phyfick, and to depreciate fome 
other advantages, by which the following fec- 
tions would recommend it, fome of the fame 
things may be objected againft the delighful- 
nefs of the ftudy of divinity. But this ob- 


jection will not, I prefume, much move you, 
if you confider the argument and {cope of the 
two parts of this letter. For in the former I 
have fhewn by pofitive proofs, that the ftudy 
of theology is attended with divers advantages, 
which belong to it, either only as fome of 
them do, or principally as others. And now 
in the fecond part I come to confider, whe- 
ther what is alledged in behalf of the ftudy 
of philofophy, deferve to counter-balance thofe 
prerogatives or advantages ; and therefore it 
neither need be, nor is my defign, to compare, 
for inftance, the delightfulnefs of the two 
{tudies, theology and phyficks, but by fhewing 
the inconveniencies, that allay the latter, to 
weaken the argument, that is drawn from that 
delightfulnefs, to conclude it preferable to the 
ftudy of theology. So that my work, in this 
and the following fections, 1s, not fo much to 
inftitute comparifons, as to obviate or anfwer 
allegations. For fince I have in the paft dif- 
courfe grounded the excellency of the ftudy of 
divinity, chiefly upon thofe great advantages, 
that are peculiar to it; my reafonings would 
not be fruftrated, though it fhould appear, that 
in point of delightfulnefs, certainty, &c. that 
{ftudy fhould, in many cafes, be liable to the 
fame objections with the ftudy of nature, fince 
it is not mainly for thefe qualities, but, as I 
was faying, for other and peculiar excellencies, 
that | recommended divinity. And therefore, 
fuppofing the delightfulnefs, &c. of that and of 
phyficks to be allayed by the fame, or equal 
inconveniencies or imperfections; that fuppofi- 
tion would not hinder the fcales to be fwayed in 
favour of divinity, upon the fcore of thofe 
advantages, that are unqueftioned, and peculi- 
arly belong to it. I know not, whether I need 
add, that notwithftanding this, you are not to 
expect, that I fhould give philofophy the 
wounds of an enemy. For my defign being 
not to difcourage you, nor any ingenious man, 
from courting her at all, nor from Ts 
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her much, but from courting her too much, 
and defpifing divinity for her, I employ againit 
her not a fword to wound her, but a_ balance, 
to fhew, that her excellencies, though folid and 
weighty, aré lefs fo, than the preponderating 
ones of theology. And this temper and pur- 
pofe of mine renders my tafk difficult enough 
to have, perhaps, fome right to your pardon, 
as well as fome need of it, if I do not every way 
fteer fo exactly, as equally to avoid injuring 
the caufe | am to plead for, and difparaging a 
ftudy, which I would fo little depreciate, that 
I allow it a great part of my inclinations, and 
not a little fhare of my time. And having faid 
this, to keep the defign of this difcourfe from 
being mifunderftood, I hope we may now pro- 
ceed to the particulars, whofe fcope we have 
been declaring. 

Returning then to what I was about to fay 
before this long, but needful, advertifement in- 
terrupted me, I fhall refume my difcourfe of 
the delightfulnefs of the ftudy of phyficks, a- 
bout which I was going in the firft place to tell 
you, that I know you and your friend will free- 
ly grant me, that the knowledge of the empty 
and barren phyfiology, that is taught in the 
{chools, as it exacts not much pains to be ac- 
quired, fo it affords but little fatisfa¢tion when 
attained. And as I know you will give me 
leave to fay this; fo, being warranted by no 
flight experience of my own, I fhall take leave 
to fay alfo, that the ftudy of that experimental 
philofophy, which is that, whereof your friend 
is fo much enamoured, 1s, if it be duly profe- 
cuted, a very troublefome and laborious em- 
ployment. For, (to mention at prefent but 
this) that great variety of objects the naturalift 
is not only by his curiofiry, but by their fecret 
dependances upon one another, engaged to con- 
fider, and feveral ways to handle, will put him 
upon needing, and confequently upon applying 
himfelf to fuch a variety of mechanick people, 
(as diftillers, druggifts, {miths, turners, &c.) 
that a great part of his time, and perhaps all 
his patience, fhall be fpent in waiting upon 
tradefmen, and repairing the loffes he fuftains 
by their difappointments, which 1s a drudgery 
greater than any, who has not tried it, will 
imagine, and which yet being as inevitable as 
unwelcome, does very much counter-balance 
and allay the delightfulnefs of the ftudy we are 
treating of. In which fo great a part of a man’s 
care and time mutt be laid out in providing the 
apparatus’s neceffary for the trying of experi- 
ments. 

But this is not all. For when you have 
brought an experiment to an iffue, though the 
event may often prove fuch as you will be 
pleafed with, yet ic will feldom prove fuch as 
you can acquieice in. For it fares not with an 
inquifitive mind in ftudying the book of na- 
ture, as in reading of /op’s fables, or fome 
other colleétion of apologues of diffcring forts, 
and independent one upon another ; where, 
when you have read over as many at one time 
as you think fit, you may leave off when you 
pleafe, and go away with the pleafure of under- 
{tanding thole you have perufed, without being 
folicited by any troublefome itch of curiofity 
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to look after the reft, as thofe, which are needfui 
to the better underftanding of thefe you have 
already gone over, or that will be explicated by 
them, and fcarce without them. Eut in the 
book of nature, as in a Well-contrived romance, 
the parts have fuch a conneé¢ticn and relation to 
one another, and the things we would difcover 
are fo darkly or incompleatly knowable by thoie, 
that precede them, that the mind is never fatis- 
fied till it comes to the end of the book ; dill 
when all that is difcovercd in the progrefs, is 
unable to keep the mind from being molcited 
with impatience, to find that yet concealed, which 
will not be known, till one does at leaft male a 
further progrefs. And yet the full diicovery 
of nature’s myfterics is fo unlikely to fall to 
any man’s fhare in this life, that the cafe of the 
purfuers of them is at beft like theirs, that hight 
upon fome excellent romance, of which they 
fhall never fee the latter parts. For indeed (to 
{peak now without a fimile) there is fuch a re- 
lation betwixt natural bodies, and they may in 
fo many ways (and divers of them unobferved) 
work upon, or fuffer from one another, that 
he, who makes a new experiment, or difcovers 
a new phenomenon, mult not prefently think, 
that he has difcovered a new truth, or detccted 
anolderror, For, (at leaft if he be a corlider- 
ing man) he will oftentimes find reafon to 
doubt, whether the experiment or obfurvation 
have been fo fkilfully and warily made in 2 
circumftances, as to afford him fuch an account 
of the matter of fact, as a fevere naturalift 
would defire. And then, fuppofing the hifto- 
rical part no way defective, there are far more 
cafes than are taken notice of, whercin fo many 
differing agents may produce the exhibited 
phenomenon, or have a great influence upon 
the experiment or obfervation, that he mutt 
be lefs jealous than becomes a philofophcr, to 
whom experiments do not oftentimes as well 
fugeeft new doubts, as prefent new phenomena. 

And even thofe trials, that end in real dif- 
coveries, do, by reafon of the connection of 
phyfical truths, and the relations that natural 
bodies have to one another, give fuch hopes 
and fuch defires of improving the acquifts we 
have already made, to the explicating of other 
difficulties, or the making of further difcove- 
ries, that an inquifitive naturalift finds his work 
to encreafe daily upon his hands, and the event 
of his beft toils, whether it be good or bad, 
does but engage him into new ones, either to 
free himielf from his fcruples, or improve his 
fuccefles. So that, though the pleafure of 
making phyfical difcoveries is, in itfelf confi- 
dered, very great ; yet this docs a little impair 
it, that the {fame attempts, which aiford that 
delight, do fo frequently beget both anxious 
doubts, and a difquicting curiofity. So thar, 
if knowledge be, as fome philofophers have 
{tiled it, the aliment of the rational foul, I fear 
I may too truly fay, that the naturalit is ufu- 
ally fain to live upon fallads and fauces, which, 
though they yield fome nourifhment, excite 
more appetite thao cucy fatisfy, and give us in- 
dced the ple ture of ceting with a good fto- 
mach, butt «+ chine us iw an unwelcome ne- 
ceflity of al ine, Luogry from the table. 
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Or divers things, that leffen the delightful- 
nefs of phyfiological ftudies, I do fo amply 
difcourfe in other papers, that I might well 
remit you thither ; but indeed it is not necef- 
fary, that I fhould infift on this argument any 
further. Itis true, that fuch a reference might 
be very proper, if the myfteries of theology 
and phyfick were like thofe of theology and 
necromancy, or fome other part of unlawful 
magick, whereof the former could not be well 
relifhed without an abhorrence of the latter. 
But as the two great books, of nature and of 
{cripture, have the fame author ; fo the ftudy 
of the latter does not at all hinder an inquifitive 
man’s delight in the ftudy of the former. The 
doétor I am pleading for, may as much relifh 
a phyfical difcovery, as Phyfophilus; nay, by 
being addicted to theology and religion, he is 
fo far from being uncapable of the contentments 
accruing from the ftudy of nature, that befide 
thofe things, that recommend it to others, 
there are feveral things, that peculiarly endear 
it to him. 

- For 1. he has the contentment to look up- 
on the wonders of nature, not only as the pro- 
ductions of an admirably wife author of things, 
but of fuch an one, as he intirely honours and 
loves, and to whom he is related. He, that 
reads an excellent book, or fees fome rare 
engine, willbe otherwife affected with the fight 
or the perufal, if he knows it to have been 
made by a friend, or a parent, than if he con- 
fiders it but as made by a ftranger, whom he 
has no particular reafon to be concerned for. 
And if Reboboam did not as well degenerate 
from the fentiments of mankind, as from his 
family, he could not but look upon that mag- 
nificent temple of Solomon with another eye, 
than did the throngs of ftrangers, that came 
only to gaze at it, as an admirable piece of 
architecture, whilft he confidered, that 1t was 
his father, that built it. And if, as we fee, 
the fame heroick actions, which we read in 
hiftory, of fome great monarch, that ftrangers 
barely and unconcernedly admire, the natives 
of his country do not only venerate, but af- 
fectionately intereft themfelves therein, be- 
caufe they are his country-men, and their an- 
ceftors were his fubje¢ts: how much may we 
fuppofe the fame actions would affect them, 
if they had the honour to be that prince’s chil- 
dren? We may well therefore prefume, that it 
is not without a fingular fatisfaction, that the 
contemplator, we are {peaking of, does in all 
the wonders of nature difcover, how wife, and 
potent, and bountiful, thae author of nature 
is, in whom he has a great intereft, and that 
fo great an one, as both to be admitted into 
the number of his friends, and adopted into 
the number of his fons, and is thereby in fome 
meafure concerned in all the admirations and 
praifes; that are paid, either by himfelf or 
others, to thofe adorable attributes, that God 
has difplayed in that great mafter-piece of 
power and wifdom, the world. And when he 
makes greater difcoveries in thefe expreffes and 
adumbrations of the divine perfections, the 
delightfulnefs of his contemplation is propor- 
tionably increafed upon fuch an account, as 
Vou. IIL. 


that, which endears to the paffionate lover of 
fome charming beauty an excellent, above ant 
ordinary, picture of her; becaufe that the 
fame things, that make him, as it does other 
gazers, look upon it as a finer piece, make 
him look upon it as the more like his mi- 
ftrefs, and thereby entertain him with the fub- 
limer ideas of the beloved original ; to whofe 
tranfcendent excellencies he fuppofes, that the 
nobleft reprefentations muft be the moft re- 
fembling. : 
AnD there is a farther reafon, why our con- 
templator fhould find a great deal of content- 
ment in thefe difcoveries. For we have in our 
nature fo much of imperfection, and with all 
fo much of inclination to felf-love, that we 
do too confidently proportion our ideas of 
what God can do for us, to what we have al- 
ready the knowledge, or the poffeffion of. 
And though, when we make it our bufinefs, 
we are able with much ado fomewhat to en- 
large our apprehenfions, and raife our expec- 
tations beyond their wonted pitch; yet ftill 
they will be but {cantly promoted and Heighten- 
ed, if thofe things themfelves be but mean 


and ordinary, which we think we have done 


enough, if we make them furpafs. A coun- 
try villager, born and bred ina homely cot- 
tage, cannot have any fuitable apprehenfions 
of the pleafures and magnificence of a great 
monarch’s court. And if he fhould be bid to 
{crue up his imagination to frame ideas of 
them, they would be -borrowed from the 
beft tiled houfe he had feen in the market- 
towns, where he had fold his turnips or corn, 
and the wedding-feaft of fome neighbouring 
farmer’s daughter. And though a child in the 
mother’s womb had the perfect ufe of reafon, 
yet could it not in that dark cell have any ideas 
of the fun or moon, or beauties or banquets, 
or algebra, or chemiftry, and many other 
things, which his elder brothers, that breathe 
frefh air, and freely behold the light, and are 
in a more mature eftate, are capable of know- 
ing andenjoying. Now among thinking men, 
whofe thoughts run much upon that future 
{tate, which they mult fhortly enter into, but 
fhall never pafs out of; there will frequently 
and naturally arife a diftruft, which, though 
feldom owned, proves oftentimes difquieting 
enough. For fuch men are apt to queftion, 
how the future condition, which the gofpel 
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promifes, can afford them fo much happinefs - 


as it pretends to; fince they fhall in heaven but 


contemplate the works of God, and praife him, 


and converfe with him; all which they think 
may, though not immediately, be done by 
men here below, without being happy. But 
he, that by telefcopes and microfcopes, dexte- 
rous diffections, and well employed furnaces, 
&c. difcovers the wondrous power and {kill 
of him, that contrived fo vaft and immenfe a 
mafs of matter into fo curious a piece of 
workmanfhip as this world, will pleafingly be 
convinced of the boundlefs power and good- 
nefs of the great architect. And when he fees, 
how admirably every animal is furnifhed with 
parts requifite to his refpective natures and 
that there. is particular, care taken, that. the 
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fame-ammal, as for example, man, fhould have 
differing provifions made for him, according 
to his differing ftates within the womb, and 
out of it, (a human ege, and an embrio, being 
being much otherwife nourifhed and fitted for 
action, than is a (compleat) man;) he, I fay, 
who confiders this, and obferves the ftupen- 
dous providence, and excellent contrivances, 
that the curious priers into nature (and none 
but they) can difcover, will be as well enabled 
as invited to reafon thus within himfelf ; that 
fure- God, who has with fuch admirable arti- 


fice framed filk-worms, butterflies, and other. 
meaner infeéts, and with fuch wonderful pro- 


vidence taken care, that the nobler animals 
fhould as little want any of all the things re- 
quifite to the compleating of their refpective 
natures; and who, when he pleafes, can fur- 
nifh fome things with qualifications quite dif- 
fering from thofe, which the knowledge of his 
other works could have made us imagine, (as 
is evident in the load-ftone, and in quick-filver 
among minerals, and the fenfitive plant among 
vegetables, the camelion among animals, 8c.) 
this God, I fay, muft needs be fully able to 
furnifh thofe he delights to honour, with ob- 
jects fuitable to their improved faculties, and 
with all, that is requifice to the happinefs he 
intends them in their glorified ftate; and is 
able to bring this to pais by fuch amazing con- 
trivances, as perhaps will be quite dittering 
from any, that the things we have yet feen 
fuggeft to us any ideas of. And fure he, that 
has in fo immenfe, fo curious, and fo magni- 
ficent a fabrick, made fuch provifion for men, 
who are either defperately wicked, or but very 
imperfectly good, and ina ftate, where they 
are ‘not to enjoy happinefs, but by obedience. 
and fufferings to fit themfelves for it, may 
fafely be trutted with finding them in heaven 
employments and delights becoming the felicity 
he defigns them there; as we fee, that here 
below he provides as well for the foaring 
eagle, as for the creeping caterpillar, (and 1s 
able-to keep the ocean as fully fupplied with 
rivers, as lakes or ponds are with {prings and 
brooks:) And as a ftate of celeftial happinefs 
is fo great a bleffing, that thofe things, that af- 
ford us either greater aflurances, or greater 
foretaftes of it, are of the number of the great- 
eft contentments and advantages, that fhort of 
it we can enjoy; fo it is hard for any divine to 
receive fo much of this kind of {fatistaction, as 
he, who by fkilfully looking into the-wonders 
of nature, has his apprehenfions of God’s 
power and manifold wifdom (as an apoftle calls 
it)elevated and enlarged. . As when the queen 
of Sheba had particularly furveyed the aftonifh- 
ing prudence, that Solomon difplayed in the or- 


dering of his magnificent court, fhe tran{port-- 
edly concluded thofe fervants of his to be, hap-. 


py enough to deferve a monarch’s envy, that 
were allowed the honour and priviledge of a 
conftant and immediate attendance on him. 
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I Doubt not:but’ you have too good.an opi- 
“nion of your friend, not to think, chat you 
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may alledge im bis tavour, that the chief thing, 
which makes him prefer phyfiology to all other 
kind of knowledge, is, that it enables thofe, 
who are proficients in, it to doa great deal of 
good, both by improving of trades, and by 
promoting of phyfick it fel’ And I am too 
mindful of what I writ to Pyrophilus, to deny, 
either that it can affift a man to advance phy- 
fick and trades, orthat, by fo doing, he may 
highly advantage mankind. And this I (who 
would not leflen your fnend’s efteem for phy- 
ficks, but only his partiality) willingly acknow- 
ledge to be 1o allowable an endearment of ex- 
perimental philofophy, that I do not know any 
thing, that to men of a humane, as well as 
ingenious difpofition, ought more to recom- 
mend the ftudy of nature, except the oppor- 
tunity it affords men to be juf€ and grateful to 
the author both of nature and of man. I do 
not then deny, that the true naturalift may ve- 
ry much benefit mankind ; but I affirm, thar, 
if men be not wanting to themfelves, the di- 
vine may benefit them much more. It were 
not perchance either unfeafonable, or imperti- 
nent, to tell you on this occafion, thet he, who 
effectually teaches men to fubdue their lutts 
and paffions, does as much as the phyfician 
contribute to the prefervation of their bodies, 
by exempting them from thofe vices, whole 
no lefs ufual than deftructive effeéts are wars, 
and duels, and rapines, and delolations, and 
the pox, and furfeits, and all the train of other 
difeaies, that attend gluttony and drunkennefs, 
idlenefs and luft; which are not enemies to 
man’s life and health barely upon a phyfical ac- 
count, but upon a moral one, as they provoke 
God to punifh them with temporal as well as 
fpiritual judgments; fuch as plagues, wars, 
famines, and other publick calamities, that 
fweep away a great part of mankind ; _befides 
thofe perfonal afflictions of bodily ficknefs, and 
difquiets of conicience, that do both fherten 
men’s lives, and imbitter them. Whereas 
piety having (as the fcripture affures us) pro- 
mifes both of this life, and of that, which is ta 
come, thofe teachers, that make men virtuous 
and religious, by making them temperate, and 
chafte, and inoffenfive, and calm, and con- 
tented, do not only procure them great and 
excellent difpofitions to thofe bleffings, both of 
the right hand and of the left, which God’s 
goodnefs makes him forward to beftow on thote, 
who by grace and virtue are made fit to receive 
them ; but do help them to thote qualifications, 
that by preferving the mind in a calm and cheer- 
ful temper, as well as by affording the body all, 
that temperance can confer, do botli lengthen 
their lives, and fweeten them, Thefe things, I 
fay, it were not impertinent to.infift on; but I 
will rather chufe to reprefent to you, that the 
benefits, which men may receive from the di- 
divine, furpafs thofe, whicl: they receive from 
the naturalift, both in the noblenefs of the ad- 
vantages, and in the duration of them. 

Be it granted then, that the naturalift may 
much improve both phyfick and trades; yet 
{ince thefe themfelves were devifed for-the der- 
vice of the body, (the one to prelerve or. re- 
ftore his health, and the other to furnifh it with 
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accommodations or delights ;) the boafted ufe 
of natural philofophy, by its advancing trades 
and phyfick, will {till be to ferve the body, which 
is but the lodging and inftrument of the foul, 
and which, I prefume, your friend, and which. 
Iam fure your felf will be far from thinking 
the nobleft part of man. I know it may be 
faid, nor do I deny it, that divers mechanical 
arts are highly beneficial, not only to the in- 
ventors, but to thofe places, and perhaps thofe 
ftates, where fuch improvements are found out 
and cherifhed. But though I moft willingly 
grant, that this confideration ought to recom- 
mend experimental philofophy, as well to 
{tates as to private perfons; yet many of thefe 
improvements do rather transfer than encreale 
mankind’s goods, and prejudice one fort of 
men as much as they advantage another, (as in 
the cafe of the eaftern fpices, of whofe trade 
the Portugals and Dutch by their later. naviga- 
tions, did, by appropriating it to themfelves, 
deprive the Venetians) or elfe do but tncreafe. 
that, which, though very beneficial to the pro- 
ducers, is not really fo to mankind in general : 
of which we have an example in the invention 
of extracting gold and filver out of the oar, 
with mercury. For though it have vaftly en- 
riched the Spaniards in the /Veft Indies, yet it 
is not of any folid advantage to the world ; no 
more than the difcovery of the Peruvian and 
other American mines 3 by which, (efpecially 
reckoning the multitudes of unhappy men, 
that are made miferable, and deftroyed m 
working them,) mankind isnot put into a bet- 
ter condition than it was before. And if the 
philofopher’s ftone it telf, (fuppofing there be. 
fuch a thing) -were not an incomparable. me- 
dicine, but were'only capable of tran{fmuting 
other metals into gold, I fhould perhaps doubt, 
whether the.difcoverer of it would mnich ad- 
vantage mankind; there being already gold 
and filver enough to maintain trade and com- 
merce among men; and for all other purpofes, 
I know not, why a plenty of tron, and brafs, 
and quickfilver, which are far more ufeful me- 
tals, fhould not be more defirable. But not to 
urge this; we may confider, that thefe ad- 
vancements of enriching trades do flill bring 
advantages but to the outward man, arid thofe 
many arts and inventions, that aim at the heigh- 
rening the pleafures of the fenfes*, belong but 
to the body ; and even in point of gratifying: 
that, are not. io requifite and important, as 
many fuppofe ; education, cuftom, &c, hav-. 


ing a greater intereft, than moft mmagine, in the: 


relifh men have:even of fenfitrve pleafures. 
And as for phyfick, not to mind you, that it 
has been loudly, (how juftly, I here examine 
not, complained of, that the new phrtlofophy 
has mace it far greater promifes than have yet 
been performed ; 1 fhall only take notice, that 
fince all, that. phyfick is wont to pretend to, 
is, to: preferve health,. or reftore it; there are 
multitudes in the world, that have no need of 
the affiftance the naturalift would give the phy- 
fician ; and a healthy.man, as fuch, ts already in 
a better condition, than the philofopher can 


hope to place him in, and is no more advan- 
taged by the naturalift’s contribution to phyfick, 
than a found man, that fleeps in a whole {fkin, 
is by all the fine tools of a furgeon’s cafe of 
inftruments, and the various compofitions of 
his cheft. 

AND as the benefits, that may be derived 
from theology, much furpafs thofe, that acrue 
from phyficks, in the noblenefs of the fubjec 


they relate to ; fo have they a great advantage 


in point of duration. For all the fervices,. that 
medicines, and engines, and improvements 
can do a man, as they relate but to this life, 
fo they determine with it. Phyfick indeed, 
and chymiftry do, the one more faintly, and 
the other more boldly, pretend fometimes, 
not only to the cure of dileafes, but the pro- 
longation of life, but fince none will fufped, 
but that the mafters of thofe parts of know- 
Jedge would employ their utmoft fkill to pro- 
tract their own lives, thofe, that remember, that 
Solomon and: Helmont lived no longer, than 
millions, that were ftrangers to philofophy 3 
and that even Paracelfus himfelf, for all his 
boafted Arcana, 1s by Helmont and other che- 
mifts confeffed to have died fome yeats fhore 
of fifty; we may very juftly fear, that na- 
ture will not be fo kind to her greateft vota- 
ries, as to give them much more time than 
other men, for the payment of the laft debt all 
men owe her. And if a few years refpite 
could by a ferupulous and troublefome ufe of 
diet and remedies be obtained; yet that, in 
comparifon of the eternity, that is to follow, is 
not at all confiderable. But whereas within 
no great number of years, (a little fooner, or 
a little later} all the remedies, and reliefs, and 
pleafures, and accommodations, that philofo- 
phical improvements can-afford a man, will 
not keep him from the grave, (which within 
very few days will make the body of the great- 
eft virtuofo as hideous and as loathfome a car- 
cafe, as that of any ordinary man;) the benefits, 
that may accrue to us‘by divinity, as they re- 
late chiefly, though not only, to the other 
world 5 fo they will follow us out of this, and 
prove then incomiparably greater than ever, 
when they alone fhall be capable of being en- 
joyed. So that philofophy, in the capacity we 
here conficler it, does but as it were provide us 
forme little conveniences for our paffage, like 
fome accommodations for a cabbin, which out- 
lafts not the voyage ; but religion provides us 
a vaft and durable eftate, or; as the -feripture 
ftiles it, an unfhaken kinedom, when we are 
arrived at our joumiey’send. And thetefore 
the benefits accruing from religion, may well 
be concladed preferable to their competitors, 
fince they not only réach to the mind of man, 
but reach beyond the end.of time itfelf; whereas 
al} the variety of iiventions, that philofophy fo 
much boafts of, as whilft they were in feafon 
they were devifed for the fervice of the body, 
fo they make us bufy, and pride ourfelves a-- 
bout things, that within a fhort time will not 
(fo much as upon its feore) at all concern us. 
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EXPECT you fhould here urge on your 
A friend’s behalf, that the ftudy of phyficks 
has one prerogative, (above that of divinity, } 
which, as it is otherwife a great excellency, 
fo does much add to the delightfulnefs of it. 
I mean, the certainty, and clearnefs, and 
thence refulting fatisfactorinefs of our know- 
ledge of phyfical, in comparifon of any we can 
have of theological matters, whofe being dark 
and uncertain, the nature of the things them- 
felves, and the numerous controverfies of dif- 
fering fécts about them, fufficiently manifeft. 

But upon this fubject, divers things are to 
be confidered. 

For firft, as to the fundamental and _necef- 
fary articles of religion, I do not admit the al- 
legation, but take thofe articles to be both evi- 
dent, and capable of a moral demoftration. 
And if there be any articles of religion, for 
which a rational and cogent proof cannot be 
brought, I fhall for that very reafon conclude, 
that fuch articles are not abfolutely neceffary to 
be believed ; fince it feems no way reafonable 
to imagine, that God having been pleafed to 
fend not only his prophets and his apoftles, but 
his only fon into the world, to promulgate to 
mankind the Chriftian religion, and both to 
caufe it to be configned to writing, that it may 
be known, and to alter the courfe of nature by 


numerous miracles, that it might be believed ; 


it feems not reafonable, I fay, to imagine, 
that he fhould not propofe thofe truths, which 
he in fo wonderful and fo folemn a manner re- 
commended, with at leaft fo much clearnefs, 
as that ftudious and well-difpofed readers may 
certainly underftand fuch, as are neceffary for 
them believe. 

2. THoucu I will not here engage myfelf 
in a difquifition of the feveral kinds, or, if you 
pleafe, degrees, of demonftration (which yet 
is a fubject, that I judge far more confiderable 
than cultivated,) yet I muft tell you, that as 
a moral certainty (fuch as we may attain about 
the fundamentals of religion) 1s enough in 
many cafes for a wife man, and even a philo- 
fopher to acquiefce in; fo that phyfical cer- 
tainty, which is pretended for the truths de- 
monftrated by naturalifts, is, even where it is 
rightfully claimed, but an inferior kind or de- 
gree of certainty, as moral certainty alfo ts. 
For even phyfical demonftrations can beget 
but a phyfical certainty, (that 1s, a certainty 
upon fuppofition, that the principles of phyfick 
be true,) not a metaphyfical certainty, (where- 
in it is abfolutely impoffible, that the thing be- 
lieved fhould be other than true.) For in- 
ftance, all the phyfical demonftrations of the 
antients about the caufes of particular phzeno- 
mena of bodies fuppofe, that ex nibilo nibil 
jit s and this may readily be admitted in a phy- 
fical fenfe, becaufe, according to the courfe 
of nature, no body can be produced out of 
nothing, but fpeaking univerfally it may be 
falfe, as Chriftians generally, and even the 
Cartefian naturalifts, afferting the creation of 
the world, muft believe, that, de fac#o, it is. 


And fo whereas Epicurus does, I remember, 
prove, that a body once dead cannot be made 
alive again, by reafon of the diffipation and 
difperfion of the atoms, it was, when alive, 
compofed of; though all men will allow this 
affertion to be phyfically demonftrable, yet the 
contrary may Le true, if God’s omnipotence 
intervenes, as all the philofophers, that ac- 
knowledge the authority of the New Tefta- 
ment, where Lazarus and others are recorded 
to have been raifed from the dead, mutt be- 
lieve, that it actually did appear, and even all 
unprejudiced reafoners muft allow it to be pof- 
fible, there being no contradiction implied in 
the nature of the thing. But now to affirm, 
that fuch things, as are indeed contradi¢tories, 
cannot be both true, or that fattum infeéfune 
reddit non potef, are metaphyfical truths, which 
cannot pofflibly be other than true, and confe- 
quently beget a metaphyfical and abfolute cer- 
tainty. And your mafter Cartefius was fo fen- 
fible of a dependance of phyfical demonftra- 
tions upon metaphyfical truths, that he would 
not allow any certainty not only to them, but 
even to geometrical demonftrations, until he 
had evinced, that there is a God, and that he 
cannot deceive men, that make ufe of their 
faculties aright. 

To which I may add, that even in many 
things, that are looked upon as phyfical de- 
monftrations, there is really but a moral cer- 
tainty. For when, for inftance, Des Cartes 
and other modern philofophers, take upon 
them to demonftrate, that there are divers co- 
mets, that are not meteors, becaufe they have 
a parallax Jeffer than that of the moon, and are 
of fuch a bignefs, and fome of them move in 
fuch a line, &c. it is plain, that divers of thefe 
learned men had never the opportunity to ob- 
ferve a comet in their lives, but take thefe cir- 
cumftances upon the credit of thofe aftrono- 
mers, that had fuch opportunities. And though 


the inferences, as fuch, may have a demon- 


{trable certainty ; yet the premiffes they are 
drawn from having but an_hiftorical one, the 
prefumed phyfico-mathematical demonftration 
can produce in a wary mind but a moral cer- 
tainty, and not the greateft neither of that 
kind, that 1s poffible to be attained; as he 
will not fcruple to acknowledge, that knows 
by experience, how much more difficult it is, 
than moft men imagine, to make obfervations 
about fuch nice fubjects, with the exattnefs, 
that is requifite for the building of an un- 
doubted theory upon them. And there are I 
know not how many things in phyficks, that 
men prefume they believe upon phyfical and 
cogent arguments, wherein they really have 
but a moral affurance; which jis a truth heeded 
by fo few, that I have been invited to take 
the more particular notice of them in other 
papers, written purpofely to fhow the doubt- 
fulnefs and incompleatnefs of natural philo- 
fophy ; of which difcourfe, fince you may 
command a fight, I fhall not fcruple to refer 
you thither for the reafons of my affirming 
here, that the moft even of the modern vir- 
tuofi are wont to fancy more of clearnefs and 
certainty in their phyfical theories, than a = 
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tical examiner will find. Only, that you may 
not look upon this as a put off, rather than a 
reference, I will here touch upon a couple of 
fubjeéts, which men are wont to believe to be, 
and which indeed ought to be, the moft 
thoroughly underftood ; I mean the nature of 
body in general, and the nature of fenfation. 
Anp for the firft of thefe, fince we can turn 
our felves no way, but we are every where en- 
vironed, and inceffantly touched by corporeal 
fubftances, one would think, that fo familiar an 
objeét, that does fo affiduoufly, and fo many 
ways affect our fenfes, and for the knowledge 
of which we need not enquire into the diftinct 
nature of particular bodies, nor the properties 
of any one of them, fhould be very perfectly 
known unto us. ‘And yet the notion of body 
in general, or what it is, that makes a thing to 
be a corporeal fubftance, and difcriminates it 
from all other things, has been very hotly di- 
{puted of, even among the modern philofo- 
phers, €9 adbuc fub judice lis ef. And though 
your favourite Des-Cartes, in making the na- 
ture of a body to confift in extenfion every 
way, has a notion of it, which it is more eafy 
to find fault with, than to fubftitute a better ; 
yet I fear, it will appear to be attended, not 
only with this inconvenience, that God cannot, 
within the compafs of this world, wherein tf 
any body vanifh into nothing, the place or 
fpace left behind it, muft have the three di- 
menfions, and fo be a true body, annihilate the 
leaft particle of matter, at leaft without, at the 
fame inftant and place, creating as much (which 
agrees very ill with that neceffary and continual 
dependance, which he afferts matter itfelf to 
have on God for its very being; ) but with 
fuch other inconveniences, that fome friends of 
yours, otherwife very inclinable to the Cartefian 
philofophy, know not how to acquiefce in it: 
and yet I need not tell you, how fundamental 
a notion the devifer of it afferts it to be. Nei- 
ther do I fee, how this notion of a corporeal 
fubftance will any more than any of the for- 
merly received definitions of it, extricate us out 
of the difficulties of that no lefs perplexed, than 
famous controverfy, de compofitione continui. And 
though fomeingeniousmen,who perhaps perceive 
better than others, how intricate it is, have of 
late endeavoured to fhew, that men need not 


be folicitous to determine this controverfy, it not. 


being rightly propofed by the fchool-men, that 
have ‘{tarted it; and though I perhaps think, 
that natural philofophy may be daily advanced 
without the decifion of it, becaufe there isa 
multitude of confiderable things to be difco- 
vered and performed in nature, without fo much 
as dreaming of this controverfy ; yet ftill, as 
I would propofe the queftion, the difficulties, 
till removed, will fpread a thick might over the 
notion of body in general. For either a cor- 
poreal and extended fubftance is (either really 
or mentally) divifible into parts endowed with 
extenfion, and each of thefe parts is divifible 
alfo into other corporea! parts, leffer and leffer, 
in infinitum , or elie this fubdivifion muft ftop 
fomewhere, (for there is no mean between the 
two members of the diftin¢étion ;) and-in either 


cafe the opinion pitched upon will be liable to 
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thofe inconveniences, not to fay' abfurdities, 
that are rationally urged againft it by the main- 
tainers of the oppofite ; the objections on both 
fides being fo ftrong, that fome of the more 
candid, even of the modern metaphyficians, 
after having tired themfelves and their readers 
with arguing Pro and Cox, have confeffed. the 
objections on both fides to be infoluble. 

Burt though we do not clearly underftand 
the nature of body in general; yet fure we 
cannot. but be perfectly acquainted with what 
paffes within ourfelves in reference to the parti- 
cular bodies we daily fee, and hear, and {mell, 
and tafte, and touch. But alas, though we 
know but little, fave by the informations of our 
fenfes ; yet we know very little of the manner, 
by which our fenfes informs us. And to avoid 
prolixity, I will at prefent fuppofe with you, 
that the ingenious Des-Cartes and his followers 
have given the faireft account of fenfation, that 
is yet extant. Now, according to him, a man’s 
body being but a well organized ftatue, that, 
which is truly called fenfation, is not performed 
by the organ, but by the mind, which perceives 
the motion produced in the organ ; (for which 
reafon he will not allow brutes to have fenfe 
properly fo called ;) fo that if you afk a Carte- 
fian, how it comes to pafs, that the foul of mar, 
which he juftly afferts to be an immaterial fub- 
{tance, comes to be wrought upon, and that in 
fuch various manners, by thofe external bodies, 
that are the objects of our fenfes, he will tell 
you, that by their impreffions on the fenfories, 
they varioufly move the fibres or threads of the 
nerves, wherewith thofe parts are endowed, and 
by which the motion is propagated to that litele 
kernel in the brain, called by many writers the 
Conarion, where thefe differing motions being 
perceived by the there refiding foul, become 
fenfations, becaufe of the intimate union, and, 
as it were, permiftion (as Cartefius himf{elf ex- 
preffes it) of the foul with the body. | 

Bur now, Sir, give me leave to take no- 
tice, that this union of an incorporeal, with a 
corpcreal fubftance, (and that without a me- 
dium) 1s a thing fo unexampled in nature, and 
fo difficult to comprehend, that I fomewhat 
queftion, whether the profound fecrets 6f theo- 
logy, not to fay the adorable myftery itfelf of 
the incarnation, be more abftrufe than this. 
For how can I conceive, that a fubitance pure- 
ly immaterial, fhould be united without a phy- 
fical medium, (for in this cafe there can be 
none,) with the body, which cannot poffibly 
lay hold on it, ,and which it can pervade, : and 
fly away from at pleafure, as Des Cartes mutt 
confefs the foul a¢tually does in death. And 
it is almoft as difficult to conceive, how ‘any: 
part of the body, without excepting the ani- 
mal fpirits, or the Conarion, (for thefe are as 
truly corporeal, as other parts of the human 
{tatue,) cah make impreffions upon a fubftance 
perfectly incorporeal, and which is not imme- 
diately affected by the motions of any other 
parts, befides the Genus Nervofum. Nor is it 


a fmall difficulty to a mere naturalift (who, 


as fuch, does not in phyfical matters take no- 


‘tice of revelations about angels,) to conceive, 


how a finite f{pirit can either move, or, which 
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is much the fame thing, regulate and deter- 
termine the motion of abody. But that, which 
{ would on this occafion invite you to confider, 
is, that firppofing the foul does in the brain 
perceive the differing motions communicated 
to the outward fenfes; yet this, however it 
may give fome account of fenfation in general, 
will not at all fhew us a fatisfactory reafon of 
particular and diftinct fenfations, For if I de- 
mand, why, for inftance, when I look upon 
a bell, that is ringing, fuch a motion or im- 
preffion in the Conarion produces in the mind 
that peculiar fort of perception, feeing, and 
not hearing ; and another motion, though 
coming from the fame bell, at the fame time, 
produces that quite differing fort of percep- 
tion, that we call found, but not vifion; what 
can be anfwered, but that it was the good 
pleafure of the author of human nature to 
have it fo? And if the queftion be afked 
about the differing objects of any one particu- 
Jar fenfe ; as, why the great plenty of unper- 
turbed light, that is reflected from fnow, milk, 
&c. does produce a fenfation of whitenefs, ra- 
ther than rednefs or yellownefs? or why the 
{mell of caftor, or affa foetida, produces in 
moft perfons that, which they call a ftink, ra- 
ther than a perfume? (efpecially fince we 
know fome hyfterical women, that think it 
not only a wholfome, but a pleafing fmell.) 
And if alfo you further afk, why melody and 
{weet things do generally delight us? and dif- 
cords and bitter things do generally difpleafe 
us? Nay, why a little more than enough of 
fome objects, that produce pleafure, will pro- 
duce pain? (as may be exemplified in a cold 
hand, as it happens to be held out at a juft, 
or at too near a diftance from the fire:) if, I 
fay, thefe, and a thoufand other queftions of 
the like kind, be afked, the anfwer will be 
but the general one, that is already given, 
that fuch is the nature of man. For to fay, 
that moderate motions are agreeable to the 
nature of the fenfory they are excited in, but 
violent and diforderly ones (as jarring founds, 
and fcorching heat) do put it into too violent 
a motion for its texture ; will by no means fa- 
tisfy. For befides that this anfwer give no 
account of the variety of fenfations of the 
fame kind, as of differing colours, taftes, &c. 
but reaches only to pleafure and pain; even 
as to thefe, it will reach but a very little way ; 
unlefs the givers of it can fhow, how an im- 
material fubftance fhould be more harmed by 
the brifker motion of a body, than by the 
more languid. 

AND as you and your friend think, you 
may juftly fmile at the Ariftotelians, for ima- 
gining, that they have given a tolerable ac- 
count of the qualities of bodies, when they 
have told us, that they fpring from certain 
fubftantial forms, though when they are afked 
particular queftions about thefe-incomprehenfi- 
ble forms, they do in effect but tell us in ge- 
neral, that they have fuch and fuch faculties, or 
effects, becaufe nature, or the author of nature, 
endowed them therewith; fo, I hope, you will 
give me leave to think, that it may keep -us 
from boafting of the clearnefs and certainty of 
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our knowledge, about the operations of fenfi« 
ble objects, whilft, as the Ariftotelians cannot 
particularly fhow, how their qualities are pro- 
duced, fo we cannot particularly explicate, how 
they are perceived ; the principal thing, that 
we can fay, being in fubitance this, that our 
fenfations depend upon fuch an union or per- 
miftion of the foul and body, as we can give no 
example of in all nature, nor no more diftinct 
account of, than that it pleafed God fo to 
couple them together. But I beg your par- 
don for having detained you fo long upon one 
fubject, though perhaps it will not prove time 
mif-fpent, if it have made you take notice, 
that in f{pight of the clearnefs and certainty, 
for which your friend fo much prefers phyficks 
before theology, we are yet to feek, (I fay yet, 
becaufe I know not what time may hereafter 
difcover) both for the definition of a corpo- 
real fubftance, and a fatisfactory account of 
the manner of fenfation: though without the 
true notion of a body we cannot underftand, 
that object of phyficks in general, and with- 
out knowing the nature of fenfation, we can- 
not know that, from whence we derive almoft 
all that we know of any body in particular. 

Ir after all this your friend fhall fay, that 
Des-Cartes’s account of body, and other things 
in phyficks, being the beft, that men can give, 
if they be not fatisfactory, it muft be imputed 
to human nature not to the Cartefian do¢trine, 
I fhall not {tay to difpute, how far the allegation 
is true ; efpecially fince, though it be admitted, 
it will not prejudice my difcourfe. For, what- 
foever the caufe of the imperfection of our 
knowledge about phyfical matters be, that there 
is an imperfection in that knowledge is mani- 
feft ; and that ought to be enough to keep us 
from being puffed up by fuch an imperfect 
knowledge, and from undervaluing upon its 
account the ftudy of thofe myfteries of divi- 
nity, which, by reafon of the noblenefs and 
remotenefs of the objects, may much better 
than the nature of corporeal things, (which 
we fee, and feel, and continually converie 
with,) have their obfcurity attributed to the 
weaknefs of our human underftandings. And 
if it be a neceffary imperfection of human 
nature, that, whilft we remain in this mortal 
condition, the foul being confined to the dark 
prifon of the body, is capable (as even Ari- 
ftotle f{omewhere confeffes) but of a dim know- 
ledge; fo much the greater value we ought 
to have for Chriftian religion, fince, by its 
means (and by no other without it) we may 
attain a condition, wherein, as our nature will 
otherwife be highly bleffed and advanced; fo 
our faculties will be elevated and enlarged, 
and probably made. thereby capable of attain- 
ing degrees and kinds of knowledge, to which 
we are here but {trangers. In favour of which 
J will not urge the received opinion of divines, 
that before the fall (which yet is a lefs noble 
condition than is referved for us in heaven,) 
Adam’s \nowledge was fuch, that he was able 
at firft fight of them, to give each of the 
beafts a name expreffive of: its nature; becaufe 
that, in {pight of fome fkill (which my curio- 
fity for divinity, not -philofophy, gave me) 
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in the holy tongue, I could never find, that 
the Hebrew names of animals, mentioned in 
the beginning of Genefs, argued a (much) 
clearer infight into their natures, than did the 
names of the fame or fome other animals in 
Greek, or other languages: wherefore, as I 
faid, I will not urge Adam’s knowledge in pa- 
radife fer that of the faints in heaven, though 
the notice he took of Eve at his firft feeing of 
her, (if it were not conveyed to him by fecret 
revelation) may be far more probably urged, 
than his naming of the beafts: but I will ra- 
ther mind you, that the proto-martyr’s fight 
was {trengthened fo, as to * fee the heavens 
** opened, and Jefus ftanding at the right hand 
‘© of God ;”? and when the prophet had pray- 
ed, that his fervant’s eyes might be opened, 
he immediately faw the mountain, where they 
were, all covered with chariots and horfemen, 
which, though mentioned to be of fire, were 
altogether invifible to him before. ‘To which, 
as a higher argument, I fhall only add a cou- 
ple of paffages of fcripture, which feem to 
allow us even vaft expectations as to the know- 
ledge our glorified nature may be advanced to. 
The one is that, which St. Paul fays to the Co- 
vinthians, ** for now we fee through a darkly, 
‘¢ but then face to face: now I know in part, 
‘© but then fhall I know even as alfo I am 
“¢ known.’’ And the other, where Chrift’s fa- 
vourite-difciple tells believers, ** Beloved, now 
‘¢ we are the fons of God, and it doth not yet 
‘< appear what we fhall be; but we know, 
‘¢ that when he fhall appear, we -fhall be like 
«© him for we fhall fee him as he is.” , 

Wuat has hitherto been difcourfed, con- 
tains the firft confideration, that I told you 
might be propofed about the certainty afcribed 
to the knowledge we are faid to have of natu- 
ral things ; but this is not all I have .to repre- 
fent to youon this fubjeét. For I confider fur- 
ther, that it is not only by the certainty we 
have of them, that the knowledge of things is 
endeared to us, but alfo by the worthinefs of 
the objeé&t, the number of thofe, that are unac- 
quainted with it, the remotenefs of it from 
common apprehenfions, the difficulty of ac- 
quiring it without peculiar advantages, the ufe- 
fulnefs of it when attained, and other parti- 
culars, which it is not here neceflary to enu- 
merate. I prefume, you doubt not but your 
friend does very much prefer the knowledge he 
has of the myfteries of nature (at many of 
which we have as yet but ingenious con- 
jectures)- to the knowledge of one, that under- 
ftands the elements of arithmetick, though he 
be demonttratively fure of the truth of moft 
of his rules and operations. And queftionlefs 
Copernicus received a much higher fatisfaction 
in his notion about the. ftability of the fun, 
and the motion of the earth, though it were 
not fo clear, but that Tycho, Ricciolus, and 
other eminent aftromomers have rejected it, 
than.in the knowledge of divers of the theo- 
rems about the {fphere, that have been demon- 
firated by Euclid, Theodofius, and other geo- 
metricans. Our difcovering,. that fome co- 
mets are not, as the {chools would have them, 
fublunary meteors, but celeftial bodies, and 


the conjectural theory, which is all, that hi- 
therto we have been able to attain of them, do 
much better pleafe both your friend, and you, 
and me, than the more certain knowledge we 
have of the time of the rifing and fetting of 
the fixed ftars. And the eftimates we can 
make, by the help of parallaxes, of the heights 
of thofe comets, and of fome of- the planets, 
though they are uncertain enough, (as may 
appear by the vaftly different diftances, that 
are affigned to thofe bodies by eminent aftro- 
nomets ;) yet thefe uncertain meafures of fuch 
elevated and celeftial lights do far more pleafe 
us, than that we can by the help of a geome- 
trical quadrant, or fome fuch inftrument, take 
with far greater certainty the height of a 
tower or a fteeple. And fo a mathematician, 
when he probably conjectures at -the com- 
pafs of the terreftrial globe, and divides, 
though but unaccurately, its furface, firft, into 
proportions of fea and land, and then into re- 
gions of fuch extents and bounds, and, in a 
word, fkilfully plays the cofmographer; thinks 
himfelf much more nobly and pleafantly em- 
ployed, than when, being reduced to play the 
jurveyor, he does, with far more certainty, 
meafure how many acres a field contains, and 
fet out, with what hedges and ditches it is 
bounded. Now, that the knowledge of God, 
and of thofe myfteries of theology, that are ig- 
nored by far the greatef{t part of mankind, has 
more fublime and excellent objects, and is un« 
attained to by much the greateft part even of 
learned men, and neverthelefs is of unvaluable 
importance, and of no lefs advantage towards 
the purifying and improving of us here, and 
the making us perfect and happy hereafter, 
the paft difcourfe has very much mufcarried, if 
it have not evinced. Wherefore, as to be ad« 
mitted into the privy-council of fome great 
monarch, and thereby be enabled to give a 
probable guefs at thofe thoughts and defigns 
of his, that govern kingdoms, and make the 
fates of nations, is judged preferable to that 
clearer knowledge, that a notary can have of 
the dying thoughts and intentions of an ordi- 
nary perfon, whofe will he makes: and as the 
knowledge of a flkilful phyfician, whofe art 
is yet conjectural, is preferable to that of a 
cutler, that makes his diffecting knives, 
though this man can more certainly perform 
what he defigns in his own profeffion, than 
the phyfician can. in his: and (in fine) as the 
{kill of a jeweller, that is converfant about di- 


amonds, rubies, fapphires, and fome other forts 


of {mall ftones, which being, for the moft 
part, brought us out of the Indies, we mutt 
take many things about them upon report, 1s, 
becaufe of the noblenefs of the object, pre- 
ferred to that of a mafon, that deals in whole 
quarries of common ftones, and may be fure 
upon his own experience of divers things con- 
cerning them, which as to jewels we are allow- 
ed to know but upon tradition: fo a more’ dim 
and imperfect knowledge of God, and the 
myfteries of religion, may be more defireable, 
and upon that account more delightful, than a 
clearer knowledge of thofe inferior truths, that 
phylicks are wont to teach. ; 
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tributes adumbrated in the creatures. 


I-muft how mention one particular more, 


which may well be added to thofe, that pecu- 
liarly endear phyficks to the divine, thatis{tu- 
dious of them. For as he contemplates the 
works of nature not barely for themfelves, but 
to be the better qualified and excited to admire 
and praife the author of nature ; fo his contem- 
plation$ are delightful to him, not barely as they 
afford a pleafing exercife to his reafon, but as 
they procure him a more welcome approbation 
from his confcience, thefe diftinét fatisfactions 
being not at all inconfiftent. And queftion- 
lets, though E/ew did at length mifs of his 
aim, yet, while he was hunting venifon for the 
good old patriarch, that defired it of him, be- 
fides the plealure he was ufed to take in pur- 
fuing the dear he chafed, he took a great one, 
in confidering, that now he hunted to pleafe 
his father, andin order to obtain of him an 
ineftimable bleffing. So, when David em- 
ployed his fiilful hand and voice, in praifing 
god with vocal and inftrumental mufick, he 
received in one act a double fatisfaction, by 
exercifing his {kill and his devotion ; and was 
no lefs pleafed with thofe melodious founds, as 
they were hymns, than as they were fongs. 
And this example prompts me to add, that as 
the devout ftudent of nature we were {peak- 
ine of, does intentionally refer the knowledge 
he feeks of the creatures to the glory of the 
creator; fo in his difcoveries, that, which moft 
contents him, is, that the wonders he obferves 
in nature, heighten that admiration he would 
fain raife to a lefs difproportion to the wifdom 
of God; and furnifh him with a nobler holo- 
cauft for thofe facrifices of praife, he is juftly 
ambitious to offer up tothe deity. And as 
there is no doubt to be made, but that, when 


-David invented (as the fcripture intimates, that 
‘he did) new inftruments of mufick, there was 


nothing in that invention, that pleafed him fo 
much, as that they could affift him to praife 
God the more melodioufly; fo the pious ftu- 
dent of nature finds nothing more welcome in 
the difcoveries he makes of her wonders, than the 
rifes and helps they. may afford him, the more 
worthily to celebrate and glorify the divine at- 
And as 
a huntfman, or a fowler, if he meets with fome 
ftrange bird or beaft, or other natural rarity, 
thinks himfelf much ‘the more fortunate, if it 


-happen to be near the court, where he may 


have the king to prefent it to, than if he were 
to keep it but for himfelf, or fome of his com- 


panions; fo our devout naturalift has his dif 


coveries of nature’s wonders endeared to him, 
by having the deity to prefent them to, in the 
veneration they excite inthe finder, and which 
they enable him to engage others to join in. 


SECTION VW. 
WUT Iconfefs; Sir, I much fear, that that, 
AJ which -makes your friend have fuch de- 
traéting thoughts of theclogy, is a certain fe- 
cret. pride, grounded upon a conceit, that the 


‘attainments of natural philofophers are of fo 
noble a kind, and argue fo tranfcendent an ex-: 


cellency of parts in the attainer, that he’ may 


The EXCELLENCY 


juftly undervalue all* other learning, without 
excepting theology itfelf. 

You willnot, I fuppofe, expect, that a per- 
fon, who has written fo much in the praife of 
phyficks, jand laboured fo much for a little 
{kill in 1t, fhould now hére endeavour to de- 
preciate that fo ufeful part of philofophy. But 
I do not conceive, that it will be ar all inju- 
rious to it, to prefer the knowledge of fuper- 
natural to that of mere natural thirigs, and to 
think, that the truths, which God ‘indifcrimi. 
nately expofes to the whole race of mankind, 
and to the bad, as well as to the good, are in- 
ferior to thofe myfterious ones, whofe difclo- 
fure he reckons among his peculiar favours, 
and whofe contemplation employs the. curicft- 
ty, and, in fome points, exacts the wonder of 
the very angels. That I may therefore re- 
‘prefs a little the overweaning opinion your 
friend has of his phyfical attainments, give me 
leave to reprefent a few particulars conducive 
to that purpofe. 

Ano firft, as for the noblenefs of the truths 
taught by theology and phyficks, thofe of the 
former fort have manifeftly the advantage, be- 
ing not only converfant about far nobler ob- 
jects, but difcovering things, that human rea- 
fon of itfelf can by no means reach unto; as 
has been fufficiently declared in the foregoing 
part of this letter. 

NexT, we may confider, that, whatever 
may be faid to excufe pride (if there were any) 
in Mofchus the Phoenician, who is affirmed to 
have firft invented the atomical hypothefis; 
and in Democritus and Leucippus, (for Epie 


‘curus {carce deferves to be named with them) 


that highly advanced that philofophy; and in 
Monfieur Des Cartes, who either improved, or 
at leaft much innovated the corpufcularian hy 
pothefis: whatever, I fay, may be alledged 
on the behalf of thefe men’s pride; I fee no 
great reafon, why it fhould be allowed in, fuch 
as your friend; who, though ingenious men, 
are neither inventors, nor eminent promoters 
of the philofophy they would be admired for, 
but content themfelves to learn what others 
have taught, or, at leaft, to.make fome little 
further application of the principles, that others 
have eftablifhed, and the difcoveries they have 
made. And whereas your friend is not a little 
proud of being able to confute feveral errors 
of Ariftotle, and the ancients, it were not amifs 
if he confidered, that many of the chief truths, 
that overthrow thofe errors, were the produc- 
tions of time and chance, and not of his daring 
ratiocinations: for there needs no great wit to 
difprove thofe, that maintain the uninhabitable- 
nefs of the torrid zone, or deny the antipodes, 
fince navigators have found many parts of the’ 
former well peopled, and -failing round the 
earth,; have found men living ‘in countries 
diametrically oppofite to ours. *:Nor will it 
warrant a man’s pride, that he believes not the 
moon to be the only planet, that :fhines with a 
borrowed light, or the galaxy to be a meteor’; 


{ince that now the telefcope fhews us, that 


Venus has her full and wain hike the moon, and 
that the milky way is made-up of a vaft mul- 
titude of little ftars, inconfpicugus to the naked 

eye. 
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eye. Andindeed of thofe other difcoveries, 
that overthrow the aftronomy of the ancients, 
and much of their philofophy about the ce- 
leftial bodies, few or none have any caufe to 
boaft, but the excellent Galileus, whe pretends 
to have ‘been the inventor of the telefcope: 
for that inftrument once difcovered, to be able 
to reject the feptenary number of the planets, 
by the detection of the four Satellites of 7up7- 
‘fer, or talk of the mountains and valleys in 
the moon, requires not much more excellency 
in your friend, than it would to defcry in a 
fhip, where the naked eye could difcern but 
the body of the veffel (to defcry, I fay) by the 
help of a profpective olafs, the mafts, and fails, 
and deck, and perceive a boat towed at her 
ftern: though indeed, Galileo himfelf had no 
great caufe to boaft of the invention, though 
we are much obliged to him for the improve- 
ment of the telefcope, fince no lefs a mafter of 
dioptricks than Des Cartes does acknowledge 
with other writers, that perfpective-glafles were 
not firft found out by mathematicians or phi- 
lofophers, but cafually by one Metius, a Dutch 
fpeétacle-maker. On which occafion I fhall 
mind you, that to hide pride from man, di- 
vers others of the chief difcoveries, that have 
been made in phyficks, have been the pro- 
ductions, net of philofophy, but chance, by 
which gun-powder, glafs, and, foraught we 
know, the verticity of the load-ftone, (to 
which we owe both the Jzdies ) carne to be found 
in thefe later ages; as (more recently) the 
milky veffels of the myfentery, the new recep- 
tacle of the chyle, and that other fort of vef- 
fels, which’ moft men call the lymphe-ducts, 
were lighted on but by chance, according to 
the ingenuous confeffion of the difcoverers 
themfelves. : 
' We may further confider, that thofe very 
things, which are juftly alledged in the praife 
of the corpufcularian philofophy it felf, ought 
to leffen the pride of thofe, that but make ufe 
of it. For that hypothefis, fuppofing the 
whole univerfe (the foul of man excepted) to 
be but a great Automaton, or felf-moving en- 
gine, wherein all things are performed by the 
bare motion (or reft) the fize, the fhape, and 
the fituation, or texture of the parts of the u- 
niverfal matter it confifts of ; all the phzeno- 
mena refult from thofe few principles, fingle 
or combined, (as the feveral’ tunes or chimes, 
that ate rung on five bells,) and thefe fertile 
principles being already eftablifhed by the in- 
ventorsand promoters of the particularian hy- 
pothefis ; all that fuch perfons, as your friend, 
are wont farther to do, is but to inveftigate, or 
guefs by what kind of motions the three or 
four other principles are varied. So that the 
world being but, as it were, a great piece of 
clock-work, the naturalift, as fuch, is but a me- 
chanician ; however the parts of the engine, he 
confiders, be fome of them much larger, and 
fome of them much’ minuter, than thofe of 
clocks or watches. And for an ordinary natu- 
ralift to defpife thofe, that ftudy the mytteries 
of religion, as much inferior to phyfical truths, 
is no lefs unreafonable, than it were for a watch- 
maker, becaufe he underftands his own trade, 
Vou. Ill. 


to defpifé privy-counfellors, who are acquainted 
with the fecrets of monarchs, and myfteries of 
{tate ; or than it were for a fhip-carpenter, be- 
caufe he underftands more of the fabrick of the 
veffel, to defpife the admiral, that is a¢quaint- 
ed with the fecret defigns of the prince, and 
employed about his moft important affairs. 
Tar great reftorer of phyficks, the illuf- 
trious Verulam, who has traced out a moft 
uleful way to make difcoveries in the intellec- 
tual globe, as he calls it, confeffes, that his 
work was (to fpeak in his own terms) partus 
Lemporis potius quam ingenit. And though I 
am not of his opinion, where he fays in an- 
Other place, that his way of philofophizing 
does exequare ingenia ; yet I am apt to think, 
that the fertile principles of the mechanical 
philofophy being once fettled, the methods of 
enquiring and experimenting being found out, 
and the phyfico-mechanical inftruments of 
working on nature’s and art’s productions be- 
ing’ happily invented, the making of feveral 
leffer improvements, efpecially by rectifying of 
fome almoft obvious of fupine errors of the 
{chools, by the affiftance of fuch facilitating 
helps, may fall to the lot of perfons not en- 
dowed with any extraordinary fagacity, or ac- 
cutenefs of parts. And though the inveftiga- 
tion, and clear eftablifhment of the true prin- 
ciples of philofophy, and the devifing the in- 
{truments of knowledge, be things, that may 
be allowed to be the proper work of fublimer 
wits; yet, if a man be furnifhed with fuch af- 
fiftances, it 1s not every difcourfe, that he 
makes, or thing, which he does by the help of 
them, that is difficult enough to raife him to 
that illuftrious rank. And indeed, divers of 
the vulgar errors, as well as of fcholars as other 
men, being mainly grounded upon the mere 
and often miftaken authority of Ariftotle, and 
perhaps fome frivolous reafons of his {cholaftic 
interpreters of fuch precarious and ungrounded 
things, that to ruin them, does oftentimes re- 
quire more of boldnefs than fkill; it may per- 
haps be faid of your friend, in relation to his 
philofophical fucceffes againft fuch vulgar er- 
rors, as I am fpeaking of, what a Roman faid 
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of Alexander's triumph over the effeminate Afia- — 


ticks, Quod nibil aliud quam bene aufus fit vana 
contemnere. And in fome cafes it happens, 
that, when once a grand truth, or a happy way 
of experimenting has been found, divers phzeno- 
mena of nature, that had been left unexplained, 
or were left mis-explained by the fchools, did, 
in my opinion, require a far lefs ftraining exer- 
cife of the mind to unriddle and explain them, 
than muft have been.requifite to difpel the dark- 
nefs, that attended ‘divers theological truths, 
that are now cleared up, and perhaps than I 
have myfelf, now and then, employed in fome 
of thofe attempts, to illuftrate theological mat- 
ters, that you may have met in fome papers, 
that I have prefumed to write on fuch fubjects. 
And indeed the improvements, that fuch vir- 
tuofi, as.your friend, are wont to make of the 
fertile theorems and hints, that have been pre- 
fented them by the founders, or prime bene- 
factors of true natural philofophy, are fo poor 
and flender, and do fo much oftener proceed 
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from induftry and chance, than they argue a 
tranfcendent fagacity, or a fublimity of reafon, 
that, though fuch perfons may have caufe e- 
nough to be delighted with what they have 
done, yet they have none to be proud of it; 
and their performances may deferve our thanks, 
and perhaps fome of our praife, but reach not 
fo high, as to merit our admiration; which 1s 
to be referved for thofe, that have been either 
framers, or grand promoters, of true and com- 
prehenfive hypothefis, or (elfe) the authors of 
other noble and ufetul difcoveries, many ways 
‘applicable. 

Ir will not perhaps be improper to add on 
this occafion, that, as our knowledge is not 
very deep, not reaching with any certainty to 
the bottom of things, nor penetrating to their 
intimate or innermoft natures; fo its extent is 
not very large, not being able to give us, 
with any clearnefs and particularity, an account 
of the celeftial and deeply fubterraneal parts of 
the world, of which all the others make but a 
very fmall (not to fay contemptible) portion. 

For, as to the very globe, that we inhabit, 
not to mention, how many plants, animals, 
and minerals, we are as yet wholly ignorant 
of, and how many others we are but flender- 
ly acquainted with; I confider, that the ob- 
jects, about which our experiments and enquiries 
are converfant, do all belong to the fuperficial 
parts of the terreftrial globe, of which the 
carth, known to us, feemsto be but as it were 
the cruft or fcurf. But what the internal part 
of this globe is made up of, is no lefs difputa- 
ble, than of what fubftance the remoteft ftars 
we can defcry, confift: for even among the 
modern philofophers fome think, the internal 
portion of the earth to be pure and elementary 
earth, which, fay they, muft be found there, 
or no where. Others imagine it to be fiery, 
and the receptacle, either of natural or hellith 
flames. Others will have the body of the ter- 
re{tria] globe to bea great and folid magnet. 
And the Cartefians on the other fide, (though 
they all admit {tore of fubterraneal loadftunes) 
teach, that the fame globe was once a fixed 
flar, and that, though it have fince degenerated 
into a planet, yet the internal part of it is full 
of the fame nature, that it was before; the 
change it has received proceeding only from 
having had its outward parts quite covered over 
with thick fpots (like thofe to be often ob- 
ferved about the fun,) by whofe condenfation 
the firm earth we inhabit was formed. And 
the mifchief is, that each of thefe jarring opi- 
nions 1s almoft as difficult to be demonftrative- 
ly proved falfe as true. For, whereas to the 
centre of the earth there is, according to the 
modefteft account of our late cofmographers, 
above three thoufand and five hundred miles ; 
my enquiries among navigators and miners 
have not yet fatished me, that men’s curiofity 
has actually reached above one mile or two at 
moft downwards, (and that not in above three 
or four dlaces) either into the earth or into the 
fea. Sothat as yet our experience has fcarce 
erated any thing deep upon the hufk, if I may 
fo fpeak, without at all reaching the kernel of 
the terraqueous globe. 
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Anp alas! what is this globe of ours, of 
which itfelf we know {fo little, in comparifon of 
thofe vaft and luminous globes, that we call 
the fixed ftars, of which we know much lefs? 
For, though former aftronomers have been 
pleaicd to give us, with a feeming accurate- 
nefs, their diftances and bigneffes, as if they 
had had certain ways of meafuring them; yet 
later and better mathematicians will, I know, 
allow me to doubt of what thofe have deli- 
vered. For fince it 1s confeffed, thar we can 
obferve no parallax in the fixed ftars, nor per- 
haps in the higheft planets, men muft be yer 
to feek for a method to meafure the diftance 
of thote bodies. And not only the Coperni- 
cans make it to be I know not how many hun- 
dred thoufands of miles greater than the Ptolo- 
means, and very much greater than even Ty- 
cho; but Ricczolus himf{elf, though a great 
Anti-Copernican, makes the diftance of the 
fixed ftars vattly greater, than not only Tycho, 
but, if I mif-remember not, than fome of the 
Copernicans themfelves. Nor do I wonder 
at thefe fo great difcrepances, (though fome 
amount, perhaps, to fome millions of miles) 
when I confider, that aftronomers do not mea- 
fure the diftance of the fixed ftars by their ia- 
ftruments, but accommodate it to their parti- 
cular hypothefis, And by this uncertainty of - 
the remoteneis of the fixed ftars you will eafily 
gather, that we are not very fure of their bulk, 
no not fo much as in reference to one another ; 
fince it remains doubtful, whether the differing 
fizes, they appear to us to be of, proceed from 
a real inequality of bulk, or only from an in- 
equality of diftance, or partly from one of 
thofe caufes, and partly from the other. 

Bur it is not my defign to take notice of 
thofe things, which the fainous difputes among 
the modern aftronomers manifeft to be dubious. 
For I confider, that there are divers things re- 
lating to the ftars, which are fo remote from 
our knowledge, that the caufes of them are not 
fo much as difputed of, or enquired into, fuch 
as may be among others, why the number of 
the ftars is neither greater nor leffer than jt is 2 
why fo many of thofe celeftial lights are fo 
placed, as not to be vifible to our naked eyes, 
nor even when they are helped by ordinary 
telefcopes? (which extraordinary good ones 
have affured me of.) Why among the fami- 
liarly vifible ftars, there are fo many in fome 
parts of the Sky, and fo few in others? why 


their fizes are fo differing, and yet not more 


differing ? why they are not more orderly 
placed, fo as to make up conftellations of re- 
gular or handfome figures (of which the trian- 
gle is, perhaps, the fingle example) but feem 
to be fcattered in the fky as it were by chance, 
and have as confufed configurations, as the 
drops, that fall upon one’s hat in a fhower of 
rain? To which divers other queftions might 
be added, as about the ftars, fo about the in- 
terftellar part of heaven, which feveral of the 
modern Epictireans would have to be empty, 
fave where the beams of light (and perhaps 
fome other celeftial effuvia) pafs through it ; 
and the Cartefians, on the contrary, think to 
be full of an ethereal matter, which fome, that 
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are otherwife favourers of their philofophy, 
confefs they are reduced to take up but as an 
hypothefis. So that our knowledge is much 
Short of what many think, not only if it be 
confidered intenfively, but extenfively, (as a 
School-man would exprefs it.) For there be- 
ing fo great a difproportion between the heavens 
and the earth, that fome moderns think the 
earth to be little better than a point in compa- 
rifon even of the orb of the fun; and the Car- 
tefians, with other Copernicans, think the great 
orb itfelf, (which is equal to what the Ptolo- 
means called the fun’s orb) to be but a point 
in refpect of the firmament ; and all our aftro- 
nomers agree, that, at leaft, the earth is but a 
phyfical point in comparifon of the ftarry hea- 
ven: Of how little extent muft our knowledge 
be, which leaves us ignorant of fo many things, 
touching the vaft bodies, that are above us,and 
penetrates fo little a way even into the earth, 
that is beneath us, that it feems confined to but 
a {mall fhare of the fuperficial part of a phyfi- 
cal point! of which confideration the natural 
refult will be, that, though what we call our 
knowledge, may be ailowed to pafs for a high 
gratification to our minds, it ought not to puff 
them up; and what we know of the fyftem, 
and the nature of things corporeal, is not fo 
perfect and fatisfactory, as to juftify our defpi- 
fing the difcoveries of fpiritual things. | 

One of the former parts of this letter may 
furnifh me with one thing more, to evince thy 
excellencies and prerogatives of the knowledge 
of the myfteries of religion ; and that one thing 
is fuch, that I hope I fhall need to add nothing 
more, becaufe it is not poffible to add any thing 
higher ; and that is, that the pre-eminence a- 
bove other knowledge adjudged to that of di- 
vine truths by a judge above all exception, and 
above all comparifon, namely, by God him- 
felf. 

Tuis having been but lately fhown, I fhall 
not now repeat it, but rather apply what hath 
been there evinced, by reprefenting, that if he, 
who determines in favour of divine truths, were 
fuch an one, as was lefs acquainted, than our 
over-weening naturalifts,with the fecrets of their 
idolized phyficks ; or if he were, though an in- 
telligent, yet (like an angel) a bare contem- 
plator of what we call the works of nature, with- 
out having any intereft in their productions, 
your friend’s not acquiefcing in his eftimate“of 
things might have, though not a fair excufe, 
yet a f{tronger temptation. 

But when he, by whofe direction we prefer 
the higher truths revealed in the fcripture, be- 
fore thofe, which reafon alone teaches us, con- 
cerning thofe oe mean fubjects, things 
corporeal, is the fame God, that not only under- 
{tands the whole univerfe, and all its parts, far 
more perfectly, than a watch-maker can under- 
ftand-one of his own watches, (in which he can 
give an account only of the contrivance, and 
not of the caufe of the fpring, nor the nature 
of the gold, fteel, and other bodies his watch con- 
fifts of,) but did make both this great Automa- 
ton, the world, and man in it: we have no co- 
lour to imagine, that he fhould either be igno- 
rant of, or injlirioufly difparage his own work- 


manfhip, or impofe upon his favourite crea- 
ture, man, in directing him what fort of know- 
ledge he ought moft to covet and prize. So 
that fince it is he, who framed the world, and 
all thofe things in it we moft admire, that would 
have us prefer the knowledge he has vouch- 
fafed us in his word, before that, which he has 
allowed us of his works; fure it is very unrea- 
fonable and unkind, to make the excellencies of 
the workmanfhip a difparagement to the author, 
and the effects of his wifdom a motive againft 
acquiefcing in the decifions of his judgment ; 
as if, becaufe he is to be admired for his vifible 
productions, he were not to be believed, when 
he tells us, that there are difcoveries, that con- 
tain truths more valuable than thofe, which re- 
late but to the objects, that he has expofed to 
all men’s eyes. 


SECTION V. 


DOUBT, I fhould be guilty of a moft im- 
portant omiffion, if I fhould here forget to 
confider one thing, which I fear has a main 
ftroke in the partiality your friend expreffeth 
in his preference of phyficks to theology ; and 
that is, that he fuppofes he fhall, by the former, 
acquire a fame, both more certain and more 
durable, than can be hoped for from the lat-% 
ter. 

Anp I acknowledge, not only with readi- 
neis, but with fomewhat of gratulation of the 
felicity of this age, that there is fcarce any 
fort of knowledge more in requeft, than that 
which natural philofophy pretends tq teach ; 
and that among the awakened and inguifitive 
part of mankind, as much reputation and 
efteem may be gained by an infight into the 
fecrets of nature, as by being entrufted with 
thofe of princes, or dignified with the {plen- 
dideft marks of their favour. 

But though I readily confefs thus much, 
and though perhaps I may be thought to have 
had, I know not by what fate, as great a fhare 
of that perfumed fmoalk, applaufe, as (at leaft) 
fome of thofe, which among the writers, that 
are now alive, your friend feems moft to envy 
for it ; yet I fhall not fcruple to tell you, partly 
from obfervation of what has happened to o- 
thers, and partly too upon fome little experience 
ef my own, that neither is it fo eafy, as your 
friend feems to believe it, to get by the ftud 
ef nature a fure and lafting reputation, neither 
eught the expectation of it, in reafon, make 
men undervalue the ftudy of djvinity. Nor 
would it here avail to object (by way of pre- 
vention) that the difficulties and impediments 
of acquiring and fecuring reputation lie as well 
in the way of divines as philofophers, fince this 
objection has been already confidered at the be- 
ginning of this fecond part of our prefent tract. 
Befides that the progrefs of our difcourfe will 
fhew, that the naturalift, afpiring to fame, is 
liable to fome inconveniences, which are either 
not at all, or not near equally incident to the 
divine. Wherefore, without ftaying to take 
any further notice of this preventive allegation, 
I fhall proceed to make good the firft part of the 
affertion, that preceded it; whieh that I may the 
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more fully do, give me leave (after having pre- 
mifed, thaca man muft either be a writer, or 
forbear to print what he knows ;) to propofe to 
you the following confiderations. 

Anp firft, if your Phy/eophilus fhould think 
to fecure a great reputation, by forbearing to 
couch any of his thoughts or experiments in 
writing, he may thereby find himfelf not a lit- 
tle miftaken. For if once he have gained a 
repute (upon what account fuever) of know- 
ing fome things, that may be ufeful to others, 
or of which ftudious men are wont to be very 
defirous, he will not avoid the vifits and quei- 
tions of the curious. Or, if he fhould affect 
a folitude, and be content to hide himfelf, that 
he may hide the things he knows; yet he 
will not efcape the folicitations, that will be 
made him by letters. And if thefe ways of 
tempting him to difclofe himfelf, prevail not 
at all with him to do fo, he will provoke the 
perfons, that havé employed them; who find- 
_ ing themfelves difobliged, by being defeated 
of their defires, if not alfo their expectations, 
will for the moft part endeavour to revenge 
themfelves on him, by giving him the charac- 
ter of an uncourteous and ill-natured perfon ; 
and will: endeavour, perhaps, fuccefsfully 
enough, to decry his parts, by fuggefting, 
that his affefted concealments proceed but 
from a confcientioufnefs, that the things he is 
prefumed to poffefs, are but fuch, as, if they 
fhould begin to be known, would ceafe to be 
valued. : 

You will fay (perchance,) that fo much re- 
fervednefs is a fault: nor fhall I difpute it with 
you, whether it be or not; but if he be 
open and communicative in difcourfe to thofe 
firangers, that come to pump him, fuch is 
the difingenuous temper of too too many, that 
he will be in great danger of having. his no- 
tions or. experiments arrogated by thofe, to 
whom he imparts them, or at leaft, by others, 
to whom thofe may (though perchance defign- 
lefsly) happen to difcourfe of them. And 
then, if either Phyfeophilus, or any of his 
friends, that know him to be author of what 
is thus ufurped, fhould mention him as fuch, 
the ufurpers and their friends would prefently 
become his enemies ; and, to fecure their own 
reputation, will be folicitous to leffen and ble- 
mifh his. And if you fhould now tell me, 
that your friend might here take a middle 
way, as that, which in moft moft cafes is 
thought to be’ the beft, by difcourfinge at fuch a 
rate of his difcoveries, as may fomewhat gratify 
thofe, that have a curiofity to learn them, 
and yet not fpeak fo clearly, as diveft himfelf 
of his propriety in them} I fhould reply, 
that neither is this expedient a fure one, nor 
free from inconveniencies. | 
{o felf-opinionated, that they will eafily believe 
themfelves mafters of things, if they do but 
half underftand them. And however, though 
~ the perions, to, whom the difcourfe was imme- 
‘qliately made, fhould not have too great an 
opinion of themfelves, no more than too great 


a fagacity ; yet they may eafily, by repeating. 


what they heard and obferved, give fome more 
piercing wit a hint fufficient to enable him to 


For moft men are. 


The EXCELLENCY 


make out the whole notion, or the’ difco- 
very, which he will then without fcruple, 
and without almoft any -poffibiliry of being 
difproved, affume for his own. But if it. 
happen, (as it often will in extempora- 
neous difcourfe) that a philofopher be not 
rightly underftood, either becaufe he has not 
the leifure, no more than a defign, to explain 
himfelf fully, or becaufe the perfons he con- 
verfes with, bring not a competent capacity 
and attention; he then runs a greater danger 
than before. For the vanity moft men take in 
being known to have converfed with eminent 
philofophers, makes them very forward to re- 
peat what they heard fuch a famous wit fay ; 
and oftentimes being fecure of not being con- 
tradi€ted, ignorantly to mif-recite it, or wit- 
tingly to wreft it in favour of the opinion they 
would countenance by it. So that, whereas 
by the formerly mentioned franknefs of dif- 
courfe, he is only in danger to have the truths 
he difcovered arrogated by others, this refer- 
vednefs expofes him to haye opinions and er- 
rors, that he never dreamed of, fathered on 
him. And when a man’s opinions, or difco- 
veries, come once to be publikly difcourfed of, 
without being propofed by himfelf, or fome 
friend well inftructed by him, he knows not 
what errors or extravagancies may be imputed 
to him (and that without a moral poffibility 
left to moft men to diicern them,) by the 
miftake of the weak, or the difingenuity of 
the partial, or the artifices of the malicious. 
And even the greatnefs of a man’s reputation 
does fometimes give fuch countenance to vain 
reports and furmifes, as by degrees to fhake, 
if not ruin it. As we fee, that Frier Bacon, 
and Trithemius, and Peracelfus, who, for their 
times, were knowing, as well as famous men, 
had fuch feats afcribed to them, as by appear- 
ing fabulous to moft of the judicious, have 
temptcd many to think, that all the great things, 
that were faid of them, were fo too. 

‘Tuese are fome of the inconveniencies, 
that a naturalift may be liable to, if he. for- 
bear the communicating of his thoughts and 
difcoveries himfelf: but if Phyfeopbilus fhould, 
to fhun thefe, afpire to fame by the ufual way 
of writing books, he may indeed avoid thefe, 
but perhaps, not without running into other 
inconveniencies and hazards, very little infe- 
riot to them. | 

First then, we may confider, that whe- 
ther a man writes in a fy{tematical way, as 
they have done, who have publifhed entire 
bodies of natural philofophy, or methodical 
treatifes of fome.confiderable part of it; or 
whether he writein a more loofe and unconfined 
way, of any particular fubyect, that belongs 
to phyficks; which foever, I fay, of thefe 
two ways of writing books he fhall make 
choice of, he will find it liable to inconve- 
nience enough. : 

For if he write fyftematically, firft, he will 
be obliged, that he may leave nothing necef- 
fary undelivered, to fay divers things, that 
have been faid (perhaps many times) by others 
already, which cannot but be unpleafant, not 
only ta the reader, but (if he be ingenious) 
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to the writer. Next, there are fo many things 
in nature, whereof we know little or nothing, 
and fo many more, of which we do not know 
enough, that our fyftematical writer, though 
we fhould grant him to be very learned, muft 
needs, either leave divers things, that belong 
to his theme, untreated of, or difcourfe of 
them flightly, and oftentimes (in likelihood) 
erroneoufly. So that in this kind of books 
there is always much faid, that the reader did 
know, and commonly not a little, that the 
writer does not know. And to this, I mutt 
add, in the third place, that natural philofo- 
phy, being fo vaft and pregnant a fubject, that 
(efpecially in fo inquifitive an age as this) 
almoft every day difcovers fome new thing or 
other about it, it is fcarce poflible for a me- 
thod, that is adapted but to what is already 


known, to continue long the moft proper ; as 


the fame clothes will not long fita child, whofe : 


age will make him quickly out-grow them. 
And therefore fucceeding writers will have a 
fair pretence to compile new fyftems, that 
may be more adequate to philofophy, improved 
fince the publication of the former. And 
though there were little of new to be added, 
and it were more eafy to alter, than to mend 
the method of our fuppofed author ; yet no- 
velty itfelf is a thing fo pleafing and inviting 
to the generality of men, that it often recom- 
mends things, that have nothing elfe to re- 
commend them ; and we may apply to a great 
many other things, what, I remember, a fa- 
mous courtier of my acquaintance ufed to fay 
of miftreffes, that another was preferable to a 
better, (the better being but the fame.) 

Bur now, if, declining the fyftematical way, 
one fhould choofe the other of writing loofe 
tracts and difcourfes, he may indeed avoid 
fome of the lately mentioned inconveniencies, 


but will fcarce avoid the being plundered by _ 


{yftematical writers: for thefe will'be apt to 
cull out thofe things, that they like beft, and 
infert them in their methodical books, (per- 
haps much curtailed, or otherwife injured in 
the repeating, ) and will place them, not as their 
own author did, where they may beft confirm 
or adorn his difcourfe, and be illuftrated or 
upheld by it; but where it may beft ferve the 
turn of the compiler: and thefe methodical 
. books promife fo much more compendious a 
_ Way, than others, to the attainment of the 
{ciences they treat of, that though really for 
the moft part they prove greater helps to the 
memory, than the underftanding; yet moft 
readers being, for want of judgment, or of 
patience, of another mind, they are willing to 
take it for granted, that in former writers, if 
there have been any thing confiderable, it has 
been all carefully extracted, as well as orderly 
digefted by the later compilers: and though I 
take this to be a very erroneous and prejudicial 
conceit, yet it obtains fo much, that as gold- 
{miths, that only give fhape and luftre to gold, 
are far more efteemed, and in a better con- 
dition, than miners, who find the ore in the 
bowels of the earth, and with great pains and 
induftry dig it up, and refine it into metal ; 
fo thofe, that with great ftudy and toil, fuc- 
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cefsfully penetrate into the hidden receffes of 
nature, and difcover Jatent truths, are ufually lefs 
regarded, or taken notice of, by the generality 
of men, than thofe, who by plaufible methods, 
and a neat ftile, reduce the truths, that others 
have found out, into fyftems of a taking or- 
der, and a convenient bulk. 

I confider in the fecond place, that as the meé- 
thod of the books one writes, fo the bulk of 
them may prove prejudicial to the naturalift, 
that afpires to fame: for if he write large books, 
it is odds but that he will write in them many 
things unaccurate, if not impertinent, or that 
he will be obliged to repeat many things, that 
others have faid before; and if he write but 
{mall traéts, as is the cuftom of the judicioufeft 
authors, who have no mind to publifh but what 
is new and confiderable, as their excellency will 
make them to be the fooner difperfed, fo the 
fmallnefs of the bulk will endanger them to be 
quickly loft, as experience fhews us of divers 
excellent little tra¢ts, which, though publifhed 
not many years ago, are already out of print, 
(as they fpeak) and not to be met with, fave 
by chance, in ftationers fhops. So that thefe 
writings (which deferve a better fate) come, 
after a while, either to be loft (which is the 
cafe of divers,) orto have their memory pre- 
ferved only in the larger volume of fome com- 
piler, whofe induftry is only preferable to his 
judgment ; it being obfervable, that (by I 
know not what unlucky fate) very few (for I 
do not fay none) that addict themfelves to 
make collections out of others, have the judg- 
ment to cull out the choiceft things in them ; 
and the {mall tracts, we are fpeaking of, being 
preferved but in fuch a quoter or abridger, . will 
run a very great danger of being conveyed to 
pofterity but under fuch a reprefentation, as it 
pleafes the compiler. 

Anpv this (that I may proceed to my third 
confideration) may make the naturalift’s fame 
very uncertain, not only becaufe of the want 
of judgment, that (as I newly faid) is too of- 
ten obfervable in compilers, whereby they fre- 
quently leave far better things than they take, 
but for the want of fkill to underftand the au- 
thor they cite and epitomize, or candor to do 
him right. For fometimes men’s phyfical opi- 
nions, and feveral paflages of their writings, 
are fo mifreprefented by miftake or defign, ef- 
pecially if thofe, that recite their opinions be 
not of them, that men are made to teach or 
deliver things quite differing from their fenfe, 
and perhaps quite contrary to it; of which I 
mytfelf have had fome unwelcome experience, 
a learned writer pretending, I know not how of- 
ten, that I afferted an opinion, about which I 
did exprefsly é#é%e. And another noted wri- 
ter having (not out of defign, but unacquaint- 
ednefs with mechanicks,’ and the fubject I writ 
of,) given me commendations for having, by 
a new experiment, proved a thing, the quite 
contrary whereof I intended thereby to evince, 
and am not alone miftaken, if I did not do it. 
Other naturallfts I have met with, whofe wri- 
tings compilers have traduced out of hatred to 
their perfons, or their religion; as if truth 
could in nothing be a friend to one, that is the 
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emulation they excited in one another. 


traducer’s enemy ; or as if aman, that falls in- 
ro an crror in religion, could not light upon a 
sood notion in philofophy, in fpite of all the 
truths we owe to Ariffotle, Epicurus, and the 
other heathen philofophers. Nay, fome there 
are, that will fet themfelves to decry a man’s 
writings, not becaufe they are directly his ene- 
mies, but becaufe he is efteemed by theirs ; 
as you may remember an inftance in a fervant 
of yours, who had divers things written againft 
him upon this very account. Nor 1s it only by 
the citations of profeffed adverfaries, or oppo- 
nents, that a worthy writer’s reputation may be 
prejudiced, fince it is not unfrequently fo by 
thofe, that mention him with an encomium, 
and feem difpofed to honour him. For I have 
obferved it to be the trick of certain writers, 
to name an author with much compliment, on- 
ly for fome one or few of the leaft confiderable 
things they borrow of him ; by which artifice 
they endeavour to conceal their being plagi- 
aries Of more and better ; which yet is more 
excufable than the practice of fome, who 
proceed to that pitch of difingenuity, that they 
will rail at an author, to whom indeed they owe 
too much, that they may not be thought to be 
beholden to him. 

But (4.) I muft add, that befides thefe 
dangers, that a naturalift’s reputation with 
pofterity may run through the ignorance or 
perverfenefs of men, it is liable to divers other 
hazards, from the very nature both of men, 
of opinions, and of things. 

For, as men’s geniuffes and inclinations are 
naturally various in reference to ftudies, one 
man paffionately affecting one fort of them, 
and another being fond of quite differing ones; 
fo thofe inclinations are oftentimes varioufly and 
generally determined by external and accidental 
caufes. As when fome great monarch happens 
to be a great patron, or a defpifer, and per- 
haps adverfary of this or that kind of learning; 
and when fome one man has gained much ap- 
plaufe for this or that kind of ftudy ; imitation 
or emulation oftentimes makes many others 
addi& themfelvesto it. Thus though Rome, 
under the confuls, was inconfiderable for learn- 
ing, yet the reputation of Cicero, and favour 
of Auguftus, brought learning into requeft 
there; where the fmall countenance it met 
with amoneft moft of the fucceeding emperors, 
kept it far inferior to what it had been among 
the Greeks about Mexander’s age. And the 
age of the fame Auguftus was ennobled with ftore 
of poets, not only by the countenance, which 
he and Adecenas afforded them, but probably 
alfo by the examples they gave to, and the 
And 
after the decay of the Roman empire, in the 
fourth century, natural philofophy and the 
mathemiacicks being very little valued, and lefs 
underfteod, by reafon that men’s ftudies were 
by the genius of thofe ages applied to other fub- 
jects, every hundred years fcarce produced one 
improver, (not to fay one eminent cultvator) 
either cf mathematicks or of phyficks: by 


* which you may fee, how little certainty there is, 


that, becaufe a man is fkilled in natural philo- 
iophy, and that fcience 1s now in requeft, his 
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reputation fhall be as great as now, when n° 
haps the fcrience itfulf will be grown ouc of 
repute, 

Bur befides the contingencies, that mav 
happen to a naturalilt’s fame upon this account, 
that the fcicnce he cultivates 1s, as well as o- 
thers, fubject to wanes and eclipfes in the gcne- 
ral efteem of men ; there is another uncertain- 
ty arifing fromthe viciflitudes, that are to be met 
with in the eftimates men make of differing 
hypothefes, fects, and ways of philofophizing 
about the fame fcience, and particularly about 
natural philofophy. For during thofe learned 
times, when phyficks firft and moit flourifhed 
among the Grecians, Democritus, Leucippus, 
Lipicurus, Anaxagoras, Plato, and almoft alf 
the naturalifts, that preceded ri/totle, were 
Corpufcularians, endeavouring, though not all 
by the fame way, to give an account of the 
phznomena of nature, and even of qualities 
themfelves, by the bignefs, fhape, motion, &c. 
of corpufcles, or the minuteit active parts of 
matter: whereas /iffotle, having attempted 
to deduce the phenomena from the four firft 
qualities, the four elements, and fomefew other 
barren hypothefes, afcribing what could not be 
explicated by them, (and confequently far the 
greateft part of nature’s phaenomena) to fub- 
{tantial forms and occult qualities ; (principles, 
that are readily named, but icarce fo muchas 
pretended to be underftood,) and having upon 
thefe flight and narrow principles reduced phy- 
ficks into a kind of fyftem, which the judicious 
modefty of the Corpufcularians had made 
them backward to do ; the reputation, that his 
great pupil Alexander, as well as his learning 
gave him; the eafinefs of the way he propofed 
to the attainment of natural philofophy ; the 
good luck his writings had to furvive thofe of 
Democritus, and almoft all the reft of the Cor- 
pufcularians, when Charlies the Great began te 
eftablifh learning in Europe: thefe, I fay, and 
fome other lucky accidents, that concurred, 
did for about feven or eight hundred years to- 
gether, make the Corpufcularian philofophy not 


only be juftled, but even exploded out of 


the fchools by the Peripatetick; which in our 
times is, by very many, upon the revival of 
the Corpufcularian philofophy, rejected, and, 
by more than a few, derided as precarious, un- 
intelligible, and ufelefs. And to give an in- 
{tance in a particular thing, (which, though 
formerly named, deferves to be again men- 
tioned to our prefent purpofe,) Avi/fotle him- 
{elf fomewhere confefles, (not to fay brags) 
that the Greek philofophers, his predeceffors, 
did unanimoufly teach, that the world was (1 
{ay not created, but) made, and yet he, almoit 
by his fingle authority, and the fubtile argu- 
ments (as fome have been pleafed to think 
them,) that he employed, (though divers of 
them were borrowed of Ocellus Lucanus,) was 


able for many ages to introduce into the fchools 


of philofophers that irreligious and ill-grounded 
opinion of the eternity of the world, which 
afterwards the Chriftian doctrine made men be- 
gin to queftion, and which now, both that and 
right reafon have perfuaded moft men to 
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Anp this invites me to confider farther, that 
the prefent fuccefs of the opinions, that your 
Phyfeopbilus befriends, ought not to make him 
fo fure, as he thinks he is, that the fame opi- 
nions will be always in the fame, ora greater 
vogue, and have the fame advantages, in point 
of general efteem, that they now have, over 
their corrivals. For, opinions feem to have 
their fatal feafons and viciffitudes, as well as 
other things ; as may appear, not only by the 
examples of it newly given, but allo by the 
hypothefis of the earth’s motion, which having 
been in great requeft before Pythogaras, (who 
yet is commonly thought the inventor of it,) 
had its reputation much encreafed by the fuf- 
frage of the famous fect of the Pythagoreans, 
(whom A4riftotle himfelf takes notice of as the 
patrons of that opinion ;) and yet afterwards 
for near 2000 years it was laughed at, as not 
only falfe, but ridiculous. After, all which 
time, this fo long antiquated opinion being re- 
vived by Copernicus, has in a little time made 
fo great a progrefs among the modern aftro- 
nomers and philofophers, that if it go on to 
prevail at the fame rate, the motion of the 
earth will be acknowledged by all its mathe- 
matical inhabitants. But though it be often 
the fate of an oppreffed truth, to have at 
length a refurrection, yet it is not always its 
peculiar privilege; for obfolete errors are 
fometimes revived, as well as difcredited 
truths: fo that the general difrepute of an 
opinion in one age will not give us an abfolute 
fecurity, that it will not be in as general re- 
queft in another, in which it may perhaps, 
Hot only revive, but reign. 

Nor is it only in the credit of men’s opi- 
nions about philofophical matters, that we may 
obferve an inconftancy and viciffitude, but in 
the very way and method of philofophizing; 
for Democritus, Plato, Pythagoras, and others, 
who were of the more fincere and ingenious 
cultivators of phyficks among the Greeks, ex- 
ercifed themfelves chiefly either in making par- 
ticular experiments and obfervations, as Demo- 
critus did in his manifold diffections of ani- 
mals ; or elfe applied the mathematicks to the 
explicating of a particular phenomenon of 
nature, as may appear (not to mention what 
Hero teaches in his Pneumaticks,) by the ac- 
counts, Democritus, Plato, and others, give of 
fire and other elements, from the figure and 
motion of the corpufcles they confift of. And 
although this way of philofophizing were fo 
much in requeft before /riffotle, that (albeit 
he unluckily brought in another, yet) there 
are manifeft and confiderable footfteps of 
it to be met with in fome of his writings, 
(and particularly in his books of animals, and 
his mechanical queftions ;) yet the fcholaftick 
followers of Ariftotle did, for many ages, 
neglect the way of philofophizing of the an- 
tients, and (to the great prejudice of learning) 
introduced every where, inftead of it, a quite 
contrary way of writing. For, not only they 
laid afide the mathematicks, (of which they 
were for the moft part very ignorant,) but in- 
ftead of giving us intelligible and explicite (if 
not accurate) accounts of particular fubjects, 


grounded upon a diftinét and heedful confi- 
deration of them, they contented themfelves 
with hotly difputing, in general, certain un- 
neceffary, or at leaft unimportant queftions 
about the objects of phylicks, about Materia 
Prima, fubftantial forms, privation,. places 
generation, corruption, and other fuch general 
things, with which when they had quite tired 
themfelves and their readers, they ufually re- 
mained utter ftrangers to the particular pro- 
ductions of that nature, about which they had 
fo much, wrangled, and were not able to give 
a man fo much true and ufeful information 
about particular bodies, as even the meaneft 
mechanicks, fuch as mine-diggers, butchers, 
{miths, and even dairy-maids, could do, 
Which made their philofophy appear fo irn- 
perfect and ufelefs, not only to the generality 
of men, but to the more elevated and philofo- 
phical wits, that our great Verulam attempted 
with much fkill and induftry, (and not with- 
out fome indignation) to reftore the more 
modeft and ufeful way practifed by the anti- 
ents, of enquiring into particular bodies, with- 
out haftening to make fyftems, into the re- 
queft it formerly had; wherein the admirable 
induftry of two of our Loudon phylicians, Gil- 
bert and Harvey, has not a little affiited him. 
And I need not tell you, that fince him, Des 
Cartes, Gajffendus, and others, having taken 
in the application of geometrical theorems, for 
the explication of phyfical problems ; he, and 
they, and other reftorers of natural philofophy, 
have brought the experimental and mathema- 
tical way of enquiring into nature, into at leaft 
as high and growing an efteem, as ever it 
poffefled when it was moft in vogue among 
the naturalifts, that preceded 4riffotle. 

To the confiderations I have hitherto de- 
duced, which (perhaps) might alone fuffice 
for my purpofe, I fhall yet fubjoin one, that 
I take to be of greater weight than any of 
them, forthe manifefting, how difficult it is to 
be fure, that the phyfical opinions, which at 
prefent procure a champion or promoter of 
them veneration, fhall be ftill in requeft. For 
befides that inconftant fate of applauded opi- 
nions, which may be imputed to the incon- 
ftancy of men, there is a greater danger, that 
threatens the afpirer’s reputation from the very 
nature of things: for the moft general prin- 
ciples of all, viz. the figure, bignefs, motion, 
and other mechanical affections of the {mall 
parts of matter, being (as your friend believes) 
fufficiently and clearly eftablifhed already ; 
he muft expect to raife his reputation from 
fubordinate hypothefes and theories ; and in 
thefe I fhall not {cruple to fay, that it is ex- 
tremely difficult, even for thofe, that are more 
exercifed than he in framing them, and in 
making of experiments to have fo reaching and 
attentive a profpect of all things fit to be 
known, as not to be liable to have their doc- 
trine made doubtful, or difproved by fome- 
thing, that he did not difcover, or that after- 
times may. This, I doubt not, but you would 
eafily be prevailed with to allow, if I had lei- 
fure and conveniency to tranfmit to you my 
{ceptical naturalift. And without having re- 
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courfe to that traét, it may poffibly fuffice, that 
we confider, that one of the conditions of a 
good * hypothefis is, that it fairly comport not 
only with all other truths, but with all other 
phenomena of nature, as well as thofe it is 
framed to explicate. For this being granted, 
(which cannot be denied,) he, that eftablifhes a 
theory, which he expects fhall be acquiefced in 
by all fucceeding times, and make him famous 
in them, muft not only have a care, that none 
of the phznomena of nature, that are already 
taken notice of, do contradict his hypothefis at 
the prefent, but that no phenomena, that may 
be hereafter difcovered, fhall do it for the fu- 
ture. And I very much queftion, whether Phy- 
feophilus do know, or, upon no greater a num- 
ber and variety of experiments than moft men 
build upon, can know, how incompleat the 
hiftory of nature we yet have, is, and how diffi- 
cult it is to build an accurate hypothefis upon 
an incompleat hiftory of the phaznomena it is 
to be fitted to ; efpecially confidering, that (as 
{ was faying) many things may be difcovered 
in after-times by induftry or chance, which are 
not now fo much as dreamed of, and which 
may yet overthrow doctrines {pecioufly enough 
accommodated to the obfervations, that have 
been hitherto made. 

Tose ancient philofophers, that thought 
the torrid zone to be uninhabitable, did not 
eftablifh their opinion upon wild reafonings ; 
and as it continued uncontrouled for many ages, 
fo perhaps it would have always done, if the 
difcoveries made by modern navigations had 
not manifefted it to be erroneous. The folidi- 
ty of the celeftial orbs was, for divers centuries 
above 1000 years, the general opinion of aftro- 
nomers and philofophers ; and yet in the latt 
age, and in ours, the free trajection, that has 
been obferved tn the motion of fome comets, 
from one of the fuppofed orbs to another, and 
the intricate motions in the planet Mars, (ob- 
ferved by Kepler and others, to be fometimes 
nearer, as well as fometimes remoter from the 
earth than is the fun;) thefe, I fay, and other 
phenomena undifcovered by the ancients, have 
made even Tycho, as well as moft of the recent 
aftromoners, exchange the too long recetved o- 
pinion of folid orbs for the more warrantable 
belief of a fluid ether. And though the celef- 
tial part of the world, by reafon of its remote- 
nefs from us, be the moft unlikely of any other 
to afford us the means of over-throwing old 
theories by new difcoveries; yet even in that 
we may take notice of divers inftances to our 
prefent purpofe, though IJ fhall here name but 
this one, viz. That, after the Prolemaick num- 
ber and order of the planets had paft uncontra- 
dicted for very many ages ; and even the Tycho- 
nians and Copernicans, (however they did, by 
their differing hypothefes, diffent from the Pto- 
lemaick fyftem (as to the order) did (yet) ac- 
quieice in it as to the number of the plancts ; 
by the happy diicoveries, made by Galileo of 
the Satellires of Fupiter, and by the excellent Hu- 
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genius, of the new planet about Saturn, (which 
I think I had the luck to be the firft, that ob- 
ferved and fhewed difbelievers of it in England) 
the aftronomers of all perfuafions are brought 
to add to the old feptenary number of the pla- 
nets, and take in five others, that their prede- 
ceffors did not dream of. ‘That the chyle pre- 
pared in the ftomach paffed through the me- 
faraick veins to the liver, and fo to the heart, 
was for many ages the unanimous opinion, nor 
only of phyficians, but anatomifts, whofe nu- 
merous diffections did not tempt them to que- 
{tion it ; and yet, fince the cafual, though lucky, 
difcoveries made of the milky veffels m the 
thorax by the dextrous Pecquet, thofe, that have 
had with you and me the curiofity to make the 
requifite experiments, are generally convinced, 
that, at leaft, a good part of the chyle goes 
from the ftomach to the heart, without paffing 
through the mefaraick veins, or coming at all 
to the liver. 

Ir were eafy to multiply inftances of this 
kind, but I rather chufe to add, that it is nor 
only about the qualities, and other attributes of 
things, but about their caufes alfo, that new, 
and oftentimes accidental difcoveries may de- 
ftroy the credit of long and generally approved 
opinions. ‘That quick-lime exceedingly heats 
the water, that is poured on to quench it, on 
the account of Axtiperifiafis, has been very 
long and univerfally received by the fchool-phi- 
lofophers, where it is the grand and ufual ar- 
gument, urged to eftablith Autiperifiafs +; 
and yet I prefume you have taken notice, that 
this proof is made wholly ineffectual in the 
judgment of many of the virtuofi, by fome con 
trary experiments of mine, and particularly 
that of exciting in quick-lime full as great an 
effervefcence by the affufion of hot water in- 
ftead of cold. So it has been generally be- 
lieved, that in the congelation of water, that I- 
quor is condenfed into a narrower room ; 
whereas our late experiments || have fatisfied 
moft of the curious, that ice is water expand- 
ed, or, if you pleafe, that ice takes up more 
room than the water did, whilft it remained 
unfrozen. And whereas the notion of nature's 
abhorrence of a vacuum has not only, ever fince 
Ariftotle’s time, made a great noife in the {chools, 
but feems to be confirmable by a multitude of 
phenomena ; the experiments of Torricellius 
and fome of + ours, evidencing, that the air 
has a great weight and a ftrong {pring, have, 
I think, perfuaded almoft all, that have impar- 
tially confidered them, that, whether there be 
or be not fuch athing, as they call fuga vacui, 
yet fuction, and the afcenfion of water in pumps, 
and thofe other phenomena, that are generally 
afcribed to it, may be very well explicated 
without it, and are, indeed, caufed by the 
weight of the atmofphere, and the elaftical 
power of the air. 

Awp this puts me in mind to take notice, 
that even practical inventions, where one would 
think the matter of faét to be evident, may, by 

Un- 
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undreamed-of difcovertes be brought to lofe the 
general reputation they had for compleatnefs 
in their kind. For to endear the invention of 
fucking pumps, and of fyphons, it has been 
generally prefumed, that by means of either of 
thefe, water and any other liquor may, 06 fa- 
gam vacui, be raifed to what height one pleafes 
and accordingly ways have been propofed by 
famous authors, to convey water from one fide 
of an high mounedin to the other: whereas, 
firft, the unexpected difappointments, that 
were niet with by fome pump-makers, and 
atterwards experiments purpofely made, fuffi- 
ciently evince, that neither a pump nor a fi- 
phon will raife water to above 35 foot, or 
thereabouts, nor quick-filver to fo many 
inches. 

Anp as tothe invention of weather-glaffes, 
which has been fo much, and juftly applauded 
and ufed, asit has been generally received for 
the trueft ftandard of the heat and cold of the 
weather ; fo it feems to be liable to no fufpi- 
cion of deceiving us: for not only it is evident, 
that in winter, when the air is very cold, the 
water rifes much higher than in fummer, and 
other feafons, when it it not fo; but if you 
but apply your warm hand to the bubble at 
the top, the water will be vifibly deprefled by 
the rarified air, which upon the removal of 
the hand returning to its former coldnefs, the 
water will forthwith as manifeftly afcend again. 
* And yet by finding, that, as the atmofphere 
has a confiderable weight, fo this weight is 
not always the fame, but varies much, and 
that, as far as I can yet. difcover, uncertainly 
enough ; I have had the luck to fatisfy many 
of the curious, that thefe open thermometers 
are not to be fafely relied on, fince in them 
the liquor is made to rife and fall, not only, 
as men have hithertherto fuppofed, by the 
cold and heat of the ambient air, but (as ] 
have fhewn by divers new experiments) ac- 
cording to the varying gravity of the at- 
mofphere ; which variation has not only a fen- 
fible, but a very confiderable influence upon 
the weather-glafs. To thefe inftances I fhall 
annex only one more, from which we may 
learn, that notwithf{tanding a very heedful fur- 
vey of all, that at prefent a man can take no- 
tice of, or well fufpect, that he ought to take 
into his confideration, the cafe may be fuch, 
that having devifed an inftrument, he may ufe 
it many years with good fuccefs; and yet, 
unlefs he were able to live very many more, 
he fhall not be fure to outlive the danger of 
finding the fame inftrument (though to fenfe as 
well conditioned as ever) fallacious : as he, that 
firft applied a magnetick needle to the finding 
of the meridian line, might very probably 
conclude, that his needle pointing direétly N. 
and S. or declining from it juft two or three, 
or fome other determinate number of degrees, 
he had difcovered a certain and ready way, 
without the help of fun or ftars, or aftrono- 
mical inftruments, to defcribe a meridian line, 
and if he lived but an ordinary number of 
years after his obfervation, he might probably 
have found his inftrument not deceitful ; which 


yet it may now be, the maghetick needle, 
not only declining in many places from the 
true points of N. and S, but (as later difco- 
veries inform us) varying in tract of time its 
declination in the felf fame place. 

ue confiderations hither to propofed might 
eafily enough be increafed by more of the 
fame tendency, efpecially if I thought fit to 
borrow from a difcourfe (of mine) purpofely 
written about the partiality and uncertainty of 
fame ; but inftead of adding to their number, 
I fhould think myfelf obliged to excufe my 
having already mentioned fo many, and infift- 
ed fo much upon them, if I did not vehe- 
mently fufpect, that in your Phyfeophilus, (as 
well as in many other modern naturalifts) fcarce 
any thing does more contribute to an under- 
valuation of the ftudy of divinity, than, that 
being eagerly ambitious of a certain, as well 
as a pofthume fame, he is confident, that 
phyfiology will help to it; and therefore, the 
defign of his difcourfe made me think it ex- 
pedient to {pend fome time to manifeft, “ that 
*< itis far lefs eafy than he thinks, to be as 
‘* fure, that he fhall have the praifes of future 
‘“* ages, as that (though he have them) he thall 
*¢ not hear them.”’ 

THe paft confiderations have, I prefume, 
convinced you, that it is no fuch eafy matter 
for anaturalift to acquire a great reputation, 
and be {ure it will prove a lafting one. Where- 
fore, that I may alfo confirm the fecond part 
of what formerly I propofed, I now proceed 
to fhow, that, though the cafe were otherwife, 
yet he would have no reafon to flight the ftudy 
of divinity. 

1. For, in the firft place, nothing hinders, 
but that a man, who values and enquires into 
the mnyfteries of religion, may attain to an 
eminent degree in the knowledge of thofe of 
nature. For frequently men of great parts may 
fuccefsfully apply themfelves to more than one 
{tudy ; and few of them have their thoughts 
and hours fo much engroffed by that one fub- 
ject or employment, but that, if they have 
great inclinations, as well as fitnefs for the ftu- 
dy of nature, they will find time, not only to 
cultivate it, but to excel in it. You need not 
be told, that Copernicus, to whom our late 
philofophers owe fo much, was a churchmans 
that his champion Leasbergius was a minifter, 
and that Gaffendus himfelf was a doétor of di- 
vinity. Among the Jefuits you know, that 
Glavius, and divers others, have as profperoufly 
addicted themfelves to mathematicks as divi- 
nity. And as to phyficks, not only Scheiner, 
Aguilonius, Kircher, Schottus, Zucchius, and 
others, have very laudably cultivated the op- 
tical and fome other parts of philofophy ; but 
Ricciolus himfelf, the learned compiler of that 
voluminous and judicious work of the l/ma- 
geftum novum, wherein he has inferted divers 
accurate obfervations of his own, 1s not only a 
divine, but a profeffor of divinity. And with- 
out going out of our own country, I could, 
if I durft for fear of offending the modefty 
of thofe I fhould name, or injuring the merit 
of thofe, 1 fhould omit; Icould, I fay, if it 
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were not for this, amiong our Englifh ecclefi- 
afticks name you divers, who though they ap- 
ply themfelves fo much to the ftudy of the 
{cripture, as to be not only folid divines, but 
excellent preachers, have yet been fo happily 
converfant with nature, that, if they had lived 
in the learned times of the Greeks, they would 
have rivalled, if not eclipfed, fome of them, 
Pythagoras and Euclid; others of them, - 
naxagoras and Epicurus ; and fome of them, 
even Archimedes and Democritus themfelves. 

Anp certainly, provided there be curiofity 

and induftry enough employed in the ftudy of 
nature, it is not neceffary, that the knowledge 
of nature fhould be the ultimate end of that 
ftudy ; a fondnefs of the object being required 
only in order to the engaging the mind to fuch 
a ferious application, as a higher aim may fuf- 
ficiently invite us to ; and will rather promote 
than difcourage. David became no lefs fkil- 
ful in mufick, than thofe, that were addicted 
to it only to pleafe themfelves in it ; though 
we may reafonably fuppofe, that fo pious an 
author of pfalms and inftruments afpired to an 
excellency in that delightful fcience, that he 
might apply and prefer it to the fervice of the 
temple, and promote the celebration of God’s 
praifes with it. And as experience has mani- 
fefted, that the heathen philofophers, that 
courted moral virtue for herfelf, did not raife it 
to that pitch, to which it was advanced by the 
heroick practifes of thofe true Chriftians, that 
in the higheft exercife of virtue had a religious 
aim at the pleafing and enjoying of God; fo I 
fee not, why natural knowledge muft be more 
profperoufly cultivated by thofe felfifh natura- 
lifts, that aim butat the pleafing of themfelves 
in the attainment of that knowledge, than 
thofe religious naturalifts, who are invited to 
attention and induftry, not only by the plea- 
fantnefs of the knowledge it felf, but by a 
higher and more engaging confideration; name- 
ly, that by the difcoveries they make in the 
book of nature, both themfelves and others 
may be excited and qualified the better to ad- 
mire and praife the author, whofe goodnefs 
does fo well match the wifdom they celebrate, 
that he declares in his word, that “ thofe, that 
‘¢ honour him, he will honour.”’ 
. AND as a man, that is not in love witha 
fair lady, but has only a refpect for her, may 
have as true and perfect, though not as dif- 
compofing an idea of her face, as the moft 
paffionate Inamorato; fo I fee not, why a re- 
ligious and inquifitive contemplator of nature 
may not be hable to give a good account of 
her, without preferring her fo far to all other 
objects of his ftudy, as to make her his miftrefs, 
and perhaps too his idol. 

IJ. Anp now I proceed to confider in the 
fecond place, that matters of divinity may, as 
well as thofe of philofophy, afford a reputation 
to him, that difcovers, or illuftrates them. For 
though the fundamental articles of Chriftian 
religion be, as I have formerly declared, lit- 
tle lefs evident than important ; yet there are 
many other points in divinity, and paffages in 
thefcripture, which (for reafons, that [have elfe- 
where mentioned) are exceeding hard to be 

2 | 


cleared, and do not only pofe ordinary readers, 
and the common fort of fcholars, but will fur- 
ficiently exercife the abilitics of a great wit, 
and give him opportunity enough to manifett, 
that he is one. For divers of the points I 
fpeak of, are much benighted upon the icore 
of the jublimity of the things they treat of; 
{juch as are the nature, attributes, and decrees 
of God, which cannot be eafy to the dim un- 
derftandings of us, that are but men: and 
many other particulars, that are not abftrufe in 
their own nature, are yet made obfcure to us 
by our ignorance, (or at leaft imperfect know- 
ledge,) of the difufed languages, wherein they are 
delivered, and the great remotenefs of the ages 
when, and the countries where, the things re- 
corded were done or faid. So that oftentimes 
a man may need and fhow as great learning 
and judgment to difpel the darknefs, wherein 
time has involved things, as that, which nature 
has caft on them: and in effeé: we fee, that 
St. Auguftin, St. Hierom, Origen, and others 
of the fathers, have acquired no lefs a reputa- 
tion, than Empedocles, Anaxagoras, or Zeno; 
and Grotius, Salmafius, Mr. Mede, Dr. Ha- 
mond, and iome other critical expounders of 
difficult texts of fcripture, have thereby got 
as much credit, as Fracaftorius by his book 
De Sympathia &S Antipathia; Levinus Lemnius 
by his De occultis rerum Miraculis; or Car- 
danus (and his adverfary Scaliger) by what 
they writ De Subtilitate, or even Fernelins 
himfelf by his book De Abditis rerum Caufys. 
And it will contribute to the credit, which 
theological difcoveries and illuftrations may 
procure a man, that the importance of the 
fubjects, and the earneftnefs, wherewith men 
are wont to bufy themfelves about them, fome 
upon the fcore of piety, and others upon that 
of intereft, fome to learn truths, and others to 
defend what they have long or publickly taught 
for truth, does make greater numbers of men 
take notice of fuch matters, and concern them- 
felves far more about them, than about almoft 
any other things, and efpecially far more, than 
about matters purely philofophical, which but 
few are wont to think themfelves fit to judge 
of, and concerned to trouble themfelves about. 
And accordingly we fee, that the writings of 
Socinus Calvin, Bellarmine, Padre Paulo, 
Ayminius, Fc. are more famous, and more 
ftudied, than thofe of Telefius, Campanella, 
Severinus Danus, Magnenus, and divers other 
innovators in natural philofophy. And Eraftus, 
though a very learned phyfician, is much lefs 
famous for all his elaborate difputations again{t 
Paracelfus, than for the little trat againft par- 
ticular forms of church-government. AndI 
prefume you have taken notice, as well as I, 
that there are f{carce any five new controverfies 
in all phyficks, that are known to, and hotly 
contended for by fo many, as are the five arti- 
cles of the Remonftrants. 

NI. My fecond confideration being thus dif- 
patched, it remains, that I tell you in the third 
place, that fuppofing, but not granting, that 
to profecute the ftudy of divinity, one muft 
of neceffity neglect the acquift of reputation ; 
yet this inconvenience itfelf ought not to deter 
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us from the duty they would-diffuade, For in 
all deliberations, wherein any thing is propofed 
to be quitted or declined, to obey or pleafe 
God; methinks, we may fitly apply that of 
the prophet to the Jewifh king, who being 

erfuaded (to exprefs his concern for God’s 
glory) to decline the affiftance of an idolatrous 
army of J/raelites, and objecting, that by com- 
plying with the advice given him, he fhould 
lofe a fum of money, amounting to no lefs 
than the hire of a potent army ; received from 
the prophet this brifk, but rational anfwer, 
‘¢ ‘The Lord 1s able to give thee far more than 
«¢ this.’ The apoftle Peul, who had been 
traduced, reviled, buffetted, fcourged, im- 
prifoned, fhip-wrecked, and ftoned for his 
zeal to propagate the truths, whofe ftudy I 
plead for ; after he had once had a glimpfe of 
that great recompence of reward, that is re- 
ferved for us in heaven, fcruples not to pro- 
nounce, that he finds upon cafting up the ac- 
count (for he ufes the arithmetical acyigopas) 
‘* that the fufferings of this prefent time are 
“¢ not worthy tobe compared with the glory, that 
‘¢ is to be revealed in us.’? And if all, that 
the perfecuted Chriftians of his time could fuf- 
fer were not fuitable (for fo I remember the 
fame Greek word to fignify elfewhere) or pro- 
portionable to that glory ; it will fure far out- 
weigh what we can now forego or decline forit ; 
the lofs of an advantage, and much more the 
bare miffing of it, being ufually but a negative 
affiction, in comparifon of the actual fuf- 
ferance of evil. Chrift did not only tell his 
difciples, that he, who fhould give the leaft 
of his followers fo much as a cup of cold wa- 


ter upon the fcore of their relation to him,- 
fhould not be unrewarded ; but when the fame | 


perfons afked him, what fhould be done to 
them, who had left all to follow him, he pre- 
fently allots them thrones, as much over-valuing 
that all they had loft, as an ordinary recom- 
pence may exceed a cup of cold water. And 
indeed God's goodnefs is fo great, and his 
treafure fo unexhaufted, that as he is forward 
to recompence even the leaft fervices, that can 
be done him, fo he is able to give the greateft 
a proportionable reward. Solomon had an op- 
portunity, fuch as never any mortal had, (that 
we know of,) either before or fince, of fatisfy- 
ing his defires, whether of fame, or any other 
thing, that he could with; ‘* Afk what I fhall 
‘¢ sive thee,” was the proffer made him by 
him, that could give all things worth receiving ; 
and yet the wifdom even of Solomon’s choice, ap- 
proved by God himfelf, confifted in declining 
the moft ambitious things of this life for 
thofe things, that might the better qualify him 


‘ to ferve and pleafe God. And to give you an 


Phil. 11. 6. 


example in a greater than Solomon, we may 
confider, that he, ‘‘ who being in the form of 
‘¢ God, thought it not robbery to be equal 
«© with God ;’”’ and who, by leaving heaven, 
did, to dwell on earth, quitmore thanany inha- 
bitant of the earth can gain in heaven, and de- 


. nied more to become capable of being tempted, 


than he did when he was tempted with an of- 
fer of all the kingdoms of the world, and the 
glory of them : this Saviour, I fay, is faid in 


{cripture to have, ‘¢ for the joy, that was fet be- Heb. 
‘¢ fore him, endured the crof$, and defpifed the xii. z. 
‘¢ fhame ;’’ as if heaven had been a fufficient 
recompence for even his renouncing honours, 
and embracing torments. 

He, that declines the acquift of the appiaufe 
of men for the contemplation of the truths of 
God, does but forbear to gather that, whilft it is 
immature, which, by waiting God’s time, he 
will more feafonably gather when it is full ripe, 
and wholefome, and fweet. That immarcefci- 
ble crown, as St. Peter calls it, which the Gof- 
pel promifes to them, ‘* who, by patient con- Rom. 
“* tinuance in well-doing, feek for glory and ii. 7- 
‘¢ honour,” will make a rich amends for the 
declining of a fading wreath here upon earth, 
where reputation is oftentimes as undefervedly 
acquired, as loft; whereas in heaven, the very 
having celeftial honours argues a title to them. 
And fince it is our Saviour’s reafoning, that his 
difciples ought to rejoice when their reputation 
is purfued by calumny, as well as their lives by 
perfecution, ‘‘ becaufe their reward is great in Matth. v. 
‘¢ heaven,”’ we may Jjuftly infer, thattheground- 11, 12. 
ed expectation of {fo illuftrious a condition may 
bring us more content, even when it is not at- 
tended with a prefent applaufe, than this ap- 
plaufe can give thofe, who want that comfort- 
able expectation. So that, upon the whole 
matter, we have no reafon to defpond, or to 
complain of the ftudy of theology, for but 
making us decline an empty andtranfitory fame 
for a folid and eternal glory. 


The CONCLUSION. 


“-EDY-Y this time, Sir, I have faid as much as 

I think fit (and therefore, I hope, more 
than upon your fingle account was neceffary) 
to manifeft, that Phyfeopbilus had no juft 
caufe to undervalue the ftudy of divinity nor 
our friend the doctor, for addicting himfelf to 
it. I hope you have not forgotten what I ex- 
prefsly enough declared at the beginning of 
this letter, that both your friend and you ad- 
mitting the holy icriptures, I know myéfelf 
thereby to be warranted to draw proofs from 
their authority. AndifI need not remind you 
of this, perhaps I need not tell you by way 
of apology, that I am not fo unacquainted 
with the laws of difcourfing, but that, if I 
had been to argue with Atheifts or Scepticks, 
I fhould have forborn to make ufe of divers of 
the arguments I have employed, as fetched 
from unconceded topicks, and fubftituted 
others for fuch, as yet, I think, it very allowable 
for me to urge, when I deal with a perfon, 
that, as your friend, does only undervalue the 
ftudy of the {criptures, nor reject their au- 
thority. And if the prolixity I have been 
suilty of already, did forbid me to encreafe 
it by apologies not abfolutely neceflary, 1 
fhould perchance, rather think myfelf obliged 
to excufe the plainnefs of the ftile of this dif- 
courfe ; which both upon the fubject’s fcore, 
and yours, may feem to challenge a richer 
drefs. But the matter is very ferious, and 
you are a philofopher, and when the things 
we treat of are highly important, I — 
7 a truths 
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truths clearly made out to be the moft perfua- 
five pieces of oratory. And a difcourie of 
this nature is more likely to prove effectual on 
intelligent perufers, by having the reafons it 
prefents perfpicuoufly propofed, and unpreju- 
dicedly entertained, than by their being pathe- 
tically urged, or curioufly adorned. And | 
have the rather forborn expreffions, that might 
feem more proper to move, than to convince; 
becaufe I forefee, I may very fhortly have oc- 
cafion to employ fome of the former fort in 
another letter to a friend of yours and mine, 
who will, I doubt, make you a fharer in the 
trouble of reading it. But writing this for 
you, and Phyfeopbilus, I was far more foli- 
Citous to give the arguments I employ a good 
than a bright glofs. For even when we would 
excite devotion, if it be in rational men, the 
moft effeftual pieces of oratory are thofe, 
which like burning-glaffes inflame, by nothing 
but numerous and united beams of light. If 
this letter prove fo happy as to give you any 
fatisfaction, it will thereby bring me a great 


ad ae 


one. For prizing you asI do, I cannot but 
wifh to fee you efteem thofe things now, which 
I am confident we fhall always have caufe to 
efteem; and then moft, when the light of 
glory fhall have made us better judges of the 
true worth of things. And it would extreamly 
trouble me to fee youa difefteemer of thofe di- 
vine things, which as long as a man under- 
values, the poffeffion of heaven itfelf would 
not make him happy. And therefore, if the 
bleffing of him, whofe glory is aimed at in it, 
make the fuccefs of this paper anfwerable to 
the wifhes, the importance of the fubjeét will 
make the fervice done you by it, fuitable to 
the defires of, 


SIR, 
Your moft faithful, 
moft affectionate, 


and moft humble fervant. 
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Occafionally propofed toa FRIEN D. 


The Pustisners ADVERTISEMENT. 


HE following paper having been but 
occafionally and haftily penned, long 

: after what the author had written (by 
way of dialogue) about the requifites of a good 
hypothefis, it was intended, that if it came 
forth at all, it fhould do fo as an appendix to 
that difcourfe ; becaufe, though one part of it 
does little more than name fome of the heads 
treated of in the dialogue, yet, according to 
the exigency of the occafion, the other part 
contains feveral things either pretermitted, or but 
more lightly touched on in this difcourfe. Bur, 
although the author’s defign were to referve 
thefe thoughts, as a kind of paralipomena to 
his dialogue ; yet, fince he is not willing to 
Jee that, at leaft quickly, come abroad, and 


Vor. If. 


‘thefe are fallen into my hands; I will make 


bold, with his good leave, to annex them to 
the foregoing treatife, not only to compleat 
the bulk of the book, but becaufe of fome af- 
finity between them, fince both aim at mani- 
fefting the excellency of the ftudies they would 
recommend. And perhaps it will not be un- 
welcome to fome of the curious to find, that 
our noble author in the fame book, wherein he 
prefers the ftudy of divine things to that of 
natural ones, does himfelf prefer the mechani- 
cal principles before all other hypothefes about 
natural things ; they being in their own nature 
fo accommodate, to make confidering men un- 
derftand, rather than difpute of, the effects of 
nature. ~ 
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H+FE importance of the queftion, you 
pfopofe, weuld oblige me to refer 
you to “ thé dialogue abétt a good 
<< hypothefis,” and fome other papers of that 
kind, where you may find my thoughts about 
the advantages of the mechanical hypothefis 
fomewhat amply fet down, and difcourfed of. 
But, fince your defires confine me to deliver in 
few words, not whdt I belitvé refolvedly, but 
what I think may be probably faid for the pfe- 
ference or the pre-eminence of the corpufcular 
philofophy above 4riffotle’s, or that of the 
chemifts, you muft be content to receive from 
me, without any preamble, or exact method, 
or ample difcourfes, or any other thing, that 
may coft many words, a juccinét mention of 
fome of the chiefadvdntagts of the hypothefis 
we incline to. And I the rather comply, on 
this occafion, with your curiofity, becaufe I 
have often obferved you to be alarmed and 
difqureted; when-you hear of-any book, that 
pretends to uphold, or repair the decaying 
philofophy of the fchools, or fome bold chy- 
mift, that arrogates to thofe of his fect the 
title of philoféphérs, and pretends to build 
wholly upon experience, to which he would 
have all other naturalifts thought ftrangers. 
That therefore you may not be fo tempted to 
defpond, by the ¢onfidence or reputation of 
thofe writers, that do fome of them applaud, 
and others cenfure, what, I fear, they do not 
underftand, (as when the Peripateticks cry up 
fiibftantial forms, and the chemifts, mechani- 
cal explications) of nature’s phenomena, IJ will 
propofe fome confiderations, that, I hope, will 
not only keep you kind to the philofophy you 
have ¢mbraced, but perhaps, (by fome confider- 
ations, which you have not yet met with,) make 
you think it probable, that the new attempts 
you hear of from time to time, will not over- 
throw the corpufcularian ae but either 
be foiled by it, or found reconcilable to it. 

But when I fpeak of the’ corpufcular or 
mechanical philofophy, I am far from meaning 
with the Epicureans, that atoms, meeting to- 
gether by chance in an infinite vacuum, are 
able of themfelves to produce the world, and 
all its phenomena; nor with fome modern 
philofophers, that, fuppofing God to have put 
into the whole mafs of matter fuch an invariable 
quantity of motion, he needed do no miore to 
make the world, the material parts being able 
by their own unguided motions, to caft them- 
{elves into fuch a fyftem (as we call by that 
name :) but I plead only for fuch a philofo- 
phy, as reaches but to things purely corpo- 


real, and diftinguifhing between the firft ori- 
ginal of things, and the fubfequent courfe of 
nature, teatlies, concérning the former, not 
only that God gave motion to matter, but 
that in the beginning he fo guided the various 
motions of the parts of it, as to contrive them 
into the world he defigned they fhould com- 
pofe, (furnifhed with the feminal principles 
and ftracturés, or models of livirig créatures, ) 
and eftablifhed thoft rulés of motion, and that 
order amongft things corporeal, which we are 
wont to call the laws of nature. And having 
told this as to the former, it may be allowed 
as to the latter to teach, that the univerfe be- 
ing once framed by God, and the laws of 
motion being fettled and al] upheld by his in- 
ceffant concourfe and seneral providence, the 
phznomena of the world thus conftituted are 
phyfically produced by the mechanical affec- 
tions of the parts of matter, and what they ope- 
rate upon one another according. to mechanical 
Jaws. And now having fhewn what kind of 
corpufcular philofophy it is, that I fpeak of, I 
proceed to the particulars, that I thought the 
moft proper to recommend it. 

I. Tue firft thing, that J fhall mention to 
this purpofe, is the intelligiblenefs or clearnefs 
of mechanical principles and explications. I 
need not tell you, that among the Peripate- 
ticks, the difputes are many and intricate about 
matter, privation, fubftantial forms, and their 
eduction, &c, And the chemifts are fufficiently 
puzzled, (as I have elfewhere fhewn,) to give 
fuch definitions and accounts of their hypofta- 
tical principles, as are reconcileable to one ano- 
ther, and even to fome obvious phenomena. 
And much more dark and intricate are their 
do¢trines about the Archeus, Aftral Beings, 
Gas, Blafs, and other odd notions, which per- 
haps have in part occafioned the darknefg and 
ambiguity of their expreffions, that could not 
be very clear, when their conceptions were far 
from being fo. And if the principles of the 
Ariftoteians and Spagyrifts are thus obfcure, 
it is not to be expected, the explications, that 
are made by the help only of fuch principles 
fhould be clear. And indeed many of them 
are either fo general and flight, or otherwife fo 
unfatisfaétory, that granting their principles, 
itis very hard to underftand or admit their 
applications of them to particular phenomena. 
And even in fome of the more ingenious and 
fubtle of the peripatetick difcourfés upon their 
fuperficial and narrow theories, methinks, the 
authors have better plaid the part of painters 
than philofophers, and have only had the 

fkill, 
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fkill, like drawers of landfkips, to make-men 
fancy they fee caftles and towns, and other 
ftructures, that appear folid and magnificent, 
and to reach to a large extent, when the whole 
piece is fuperficial, and made up of colours and 


art, and comprifed within a frame perhaps . 


{carce a yard long. But to come now to the 
corpufcular philofophy, men do fo eafily un- 
derftand one another’s meaning, when they 
talk of local motion, reft, bignefs, fhape, 
order, fituation, and contexture of material 
fubftances ; and thefe principles do afford fuch 
clear accounts of thofe things, that are rightly 
deduced from them only, that even thofe Pe- 
ripateticks or chymufts, that maintain other 
principles, acquiefce in the explications made 
by thefe, when they can be had, and feck 
not any further, though perhaps the effect be 
fo admirable, as would make it pafs for that: 
of a hidden form, or occult quality. Thofe 
very Ariftotelians, that believe the celeftial bo- 
dies to be moved by intelligences, have no 
recourfe to any peculiar agency of theirs to ac- 
count for eclipfes. And we laugh at thofe 
Eaft-Indians, that to this day go out in mul- 
titudes, with fome inftruments, that may re- 
lieve the diftreffed luminary, whofe lofs of 
light they fancy to proceed from fome fainting 
fit, out of which it muft be rouzed. For no 
intelligent man, whether chemift or Peripa- 
tetic, flies to his peculiar principles, after he 
is informed, that the moon 1s eclipfed by the 
interpofition of the earth betwixt her and it, 
and the fun by that of the moon betwixt him 
and the earth. And when we fee the image 
of a man caft into the air by a concave {pherical 
looking-glafs, though moft men are amazed 
atit, and fome fufpect it to be no lefs than 
an effect of witchcraft, yet’he, that is fkilled 
enough in catoptricks, will, without confulting 
Ariftotle, or Paracelfus, or flying to hypofta- 
tical principles and fubftantial forms, be fatif- 
fied, that the phenomenon 1s produced by 
the beams of light reflected, and thereby made 
convergent according to optical, and confe- 
quently mathematical laws. 

But I muft not now repeat what I elfe- 
where fay, to fhew, that the corpufcular prin- 
ciples have been declined by philofophers of 
different fects, not becaufe they think not our 
explications clear, if not much more fo, than 
their own; but becaufe they imagine, that 
the applications of them can be made but to 
few things, and confequently are infufficient. 

Il. In the next place I obferve, that there 
cannot be fewer principles than the two grand 
ones of mechanical philofophy, matter. and 
motion. For, matter alone, unlefs it be 
moved, is altogether unactive; and whilft all 
the parts of the body continue in one ftate 
without any motion at all, that body will not 
exercife any action, nor fuffer any alteration 
itfelf, though it may perhaps modify the action 
of other bodies, that move againtt it. 

if. Nor can we conceive any principles 
more primary, than matter and motion. For, 
either both of them were immediately created 
by God, or, (to add that for their fakes, that 
would have matter to be unproduced,) if mat- 


ter be eternal, motion mvtt. either be: pro- 
duced by. fome immaterial. fupernatural agent, 


45% 


or it muft immediately flow. by. way of ema- 


nation from the nature of the matter it apper- 
tains to. : 

IV. NeivuHer can there be any phyfical 
principles more fimple than matter and mio- 
tion; neither of them being refoluble into 
any things, whereof it may be truly, or fo 
much as tolerably faid to be compounded. 

V. Tue next thing I fhall name to recom- 
mend the corpufcular principle, is their great 
comprehenfivenelis. 


I confider then, that the. 


genuine and neceffary effect of the fufficiently. 


{trong motion of one part of matter againft 


another, 1s, either to drive it on in its intire- 


bull, or elfe to break or divide it into particles 


of determinate motion, figure, fize, pofture,. 


reft, order or texture. 
for inftance, are each of them capable of nu- 
merous varieties. For the figure of a por- 
tion of matter may either be one of the five 
regular figures treated of by geometricians, or 
fome determinate fpecies.of folid figures, as 


The two firft of thefe, 


that of acone, cylinder, &c. or irregular, though. 


not perhaps anonymous, as the grains of fand, 
hoops, feathers, branches, forks, files, &c. 
And as the figure, fo the motion of one of 
thefe particles may be exceedingly diverfified, 
not only by the determination to this or thar 
part of the world, but by feveral other things, 
as particularly by the almoft infinitely varying: 
degrees of celerity, by the manner of its pro- 
greffion with, or without rotation, and other 
modifying circumftances ; and more yet, by 
the line, wherein it moves, as (befides ftreight) 
circular, elliptical, parabolical, hyperbolical, 
{piral, and I know not how many others. F 
as later geometricians have fhewn, that thofe 
crooked lines may be compounded of feveral 
motions, (that is, traced by a body, whofe 
motion. is mixed of, and réfults from, two or 
more fimpler motions,) fo how many more 
curves may, or rather may not be made by 
new compofitions and decompofitions of mo- 
tion, is no eafy tafk to determiné. 

Now, fince a fingle particle of matter, by 
virtue of two only of the mechanical affections, 
that belong to it, be diverfifiable fo many 
ways ; how vaft a number of variations may 
we fuppofe capable of being produced by the 
compofitions and decompofitions of myriads of 
fingle invifible corpufcles, that may be contain, 
ed and contexed in one {mall body, and each 
of them be embued with more than two ox 
three of the fertile catholick ptinciples above- 


For : 


mentioned? Efpecially fince the aggregate of — 


thofe corpufcles may be farther diverfified by 
the texture refulting from their convention into 
a body, which, as fo made up, has its own 
bignefs, and fhape, and pores, (perhaps very 
many and various) and has alfo many capacities 
of acting and fuffering upon the {core of the 
place it holds among other bodies in a world 
conftituted as ours is: fo that, when I confi- 
der the almoft innumerable diverfifications, that 
compofitions and decompofitions may make of 


_a {mall number, not perhaps exceeding twenty 


ofdiftiné& things, 1 am apt to look upon thofe, 
} who 


4 
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who think the mechanical principles may ferve 
indeed to give an account of the phenomena 
of this or that particular part of natural philo- 
fophy, as ftaticks, hydroftaticks, the theory of 
the planetary motions, &c. but can never be 
applied to all the phzenomena of things corpo- 
real; Iam apt, I fay, to look upon thofe, o- 
therwife learned men, as I would do upon him, 
that fhould affirm, that by putting together 
the letters of the alphabet, one may indeed 
make up all the words to be found in one book, 
asin Euclid, or Virgil ; or in one language, as 
Latin, or Englifh; but that they can by no 
means fuffice to fupply words to all the books 
of a great library, much lefs to all the lan- 
guages in the world. 

AND whereas there is another fort of philo- 
fophers, that, obferving the great efficacy of 
the bignefs, and fhape, and fituation, and mo- 
tion, and connexion in engines, are willing to 
allow, that thofe mechanical principles may 
have a great ftroke in the operations of bodies 
of a fenfible bulk, and manifeft mechanifm, 
and therefore may be ufefully employed in ac- 
counting for the effects and phenomena of fuch 
bodies, who yet will not admit, that thefe 
principles can be applied- to the hidden tranf- 
actions, that pafsamong the minute particles of 
bodies ; and therefore think it neceffary to re- 
fer thefe to what they call nature, fubftantial 
forms, real qualities, and the like unmechanical 
principles and agents. 

But thisis not neceffary ; for both the me- 
chanical affections of matter are to be found, 
and the laws of motion take place, not only in 
the great maffes, and the middle fized lumps, 
but in the fmalleft fragments of matter; and a 
Jeffer portion of it being as well a body asa 
greater, muft, as neceflarily as it, have its de- 
terminate bulk and figure: and he, that looks 
upon fand in a good microfcope, will eafily 
perceive, that each minute grain of it has as 
well its own fize and fhape, as a rock or moun- 
tain. And when we let fall a great ftone and a 
pebble from the top of a high building, we 
find not, but that the latter as well as the former 
moves conformably to the laws of acceleration 
in heavy bodies defcending, And the rules of 
motion are obferved, not only in cannon bul- 
Jets, but in fmall fhot; and the one ftrikes 
down a bird according to the fame laws, that 
the other batters down a wall. And though 
nature (or rather its divine author) be wont to 
work with much finer materials, and employ 
more curious contrivances than art, (whence the 
{tructure even of the rareft watch 1s incompa- 
rably inferior to that of a human body ;) yet 
an artift himfelf, according to the quantity of 
the matter he employs, the exigency of the 
defign he undertakes, and the bignefs and 
fhape of the inftruments he makes ufe of, is 
able to make pieces of work of the fame na- 
ture or kind of extremely differing bulk, where 
yet the like, though not equal art and contri- 
vance, and oftentimes motion too, may be ob- 
ferved : asa fmith, who with a hammer, and 
other large inftruments, can, out of maffes of 
iron, forge great bars or wedges, and make 
thofe ftrong and heavy chains, that were em- 
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ployed to load malefaétors, and even to fecure 
{treets and gates, may, with leffer inftruments, - 
make fmaller nails and filings, almoft as minute 
as duft ; and may yet, with finer tools, make. 
links of a ftrange flendernefs and lightnefs, in- 
fo much, that good authors tell us of a chain of 
divers links, that was faftened toa flea, and could 
be moved by it ; and if I mifremember not, I 
faw fomething like this, befides other inftances, 
that I beheld with pleafure, of the littlenefs, 
that art can give to fuch pieces of work, as 
are ufually made of a confiderable bignefs. 
And therefore to fay, that though in natural 
bodies, whofe bulk is manifeft and their ftruc- 
ture vifible, the mechanical principles may be 
ufefully admitted, that are not to be extended 
to fuch portions of matter, whofe parts and 
texture are invifible; may perhaps look to 
fome, as if a man fhould allow, that the laws 
of mechanifm may take place in a town-clock, 
but cannot in a pocket-watch; or, (to give 
you an inftance, mixed of natural and artifi- 
cial,) as if, becaufe the terraqueous globe is a 
vaft magnetical body of feven or eight thou- 
fand miles in diameter, one fhould affirm, that 
magnetical laws are not to be expected to be of 
force in a fpherical piece of loadftone, that is 
not perhaps an inch long: and yet experience 
fhews us, that notwithftanding the inef{timable 
difproportion betwixt thefe two globes, the 
terrella, as well as the earth, hath its poles, 
gequator, and meridians, and in divers other 
magnetical properties, emulates the terreftrial 
clobe. 

THEY, that, to folve the phenomenaof na- 
ture, have recourfe to agents, which, though 
they involve no felf-repugnancy in their very 
notions, as many of the judicious think fubftan- 
tial forms and real qualities to do, yet are fuch, 
that we conceive not, how they operate to bring 
effects to pafs: thefe, I fay, when they tell us 
of fuch indeterminate agents, as the foul of the 
world, the univerfal fpirit, the plaftic power, 
and the like ; though they may in certain cafes 
tell us fome things, yet they tell us nothing, 
that will fatisfy the curiofity of an inquifitive 
perfon, who feeks not fo much to know, what 
is the general agent, that produces a phzenome- 
non, as, by what means, and after what man- 
ner, the phenomenon is produced. The fa- 
mous Se#nertus, and fome other learned phy- 
ficians, tell us of difeafes, which proceed from 
incantation ; but fure it is but a flight account, 
that a fober phyfician, that comes to vifit a pa- 
tient reported to be bewitched, receives of the 
{ftrange fymptoms he meets with, and would 
have an account of, if he be coldly anfwered, 
that it is ‘a witch, orthe devil, that produces 
them ; and he will never fit down with fo fhort 
an account, if he can by any means reduce thofe 
extravagant fymptoms to any more known and 
{tated difeafes, as epilepfies, convulfions, hyfte- 
rical fits, &c. and, if he cannot, he will confefs 
his knowledge of this diftemper to come far 
fhort of what might be expected and attained in 
other difeafes, wherein he thinks himfelf bound 
to fearch into the nature of the morbific mat- 
ter, and will not be fatisfied, till he can, pro- 
bably at leaft, deduce from that, and the ftruc- 
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ture of an human body, and other concurring 
phyfical caufes, the phzenomena of the malady. 
And it would be but little fatisfa¢tion to one, 
that defires to underftand the caufes of what 
occurs to obfervation in a watch, and how it 
comes to point at, and {trike the hours, to be 
told, that it was fuch a watch-maker that fo 
contrived it; or tohim, that would know the 
true caufe of an eccho, to be anfwered, that it 
is 2 man, a vault, or a wood, that makes it. 

Anp now at length I come to confider that, 
which I obferve the moft to alienate other fects 
from the mechanical philofophy ; namely, that 
they think it pretends to have principles fo uni- 
verfal and fo mathematical, that no other phy- 
fical hypothefis can comport with it, or be to- 
lerated by it. : 

BuT this I look upon as an eafy, indeed, 
but an important miftake ; becaufe by this 
very thing, that the mechanical principles are 
fo univerfal, and therefore applicable to fo many 
things, they are rather fitted to include, than 
neceffitated to exclude, any other hypothelis, 
that is founded in nature, as far as it is fo. And 
fuch hypothefes, if prudently confidered by a 
fkilful and moderate perfon, who is rather dil- 
pofed to unite fects than multiply them, will 
be found, as far as they have truth in them, to 
be either legitimately (though perhaps not 1m- 
mediately) deducible from the mechanical prin- 
ciples, or fairly reconcilable to them. For, 
fuch hypothefes will probably attempt to ac- 
count for the phenomena of nature, either by 
the help of a determinate number of material 
ingredients, fuch as the ¢ria prima of the che- 


mifts, by participation whereof other bodies ob-: 


tain their qualities ; or elfe by introducing fome 
general agents, as the Platonic foul of the world, 
or the univerfal fpirit, afferted by fome fpagy- 
rifts ; or by both thefe ways together. 

Now, to difpatch firft thofe, that I named 
in the fecond place ; I confider, that the chief 
thing, that inquifitive naturalifts fhould look 
after in the explicating of difficult phanomena, 
is not fo much what the agent ts or does, as, 
what changes are made in the patient, to bring 
it to exhibit the pheenomena, that are propofed ; 
and by what means, and after what manner, 
thofe changes are effected. So that the me- 
chanical philofopher being fatisfied, that one 
part of matter can act upon another but by 
virtue of local motion, or the effeéts and con- 
fequences of local motion, he confiders, that as 
if the propofed agent be not intelligible and 
phyfical, it can never phyfically explain the 
phznomena ; {o, if it be intelligible and phyfi- 
cal, it will be reducible to matter, and fome or 
other of thofe only catholick affections of mat- 
ter, already often mentioned, And the inde- 
finite divifibility of matter, the wonderful effi- 
cacy of motion, and the almoft infinite variety 
of coalitions and ftru¢ctures, that may be made 
of minute and infenfible corpufcles, being duly 
weighed, I fee not, why a philofopher fhould 
think it impoffible, to make out, by their help, 
the: mechanical poflibility of any corporeal a- 
gent, how fubtil, or diffufed, or active foever 
it be, that can be folidly proved to be really 
exiftent in nature, by what name foever it be 
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called or difguifed. And though the Cartefians 
be mechanical philofophers, yet, according -to 
them, their Materia Subtilis, which the very 


‘name declares to be a corporeal {ubftance, is, 


for aught I know, little (if it be at all) lefs 
diffufed through the univerfe, or lefs active in 
it than the univerfal fpirit of fome fpagyrifts, 
not to fay, the “ima Mundi of the Platonifts. 
But this upon the by ; after which I proceed, 
and fhall venture to add, that whatever be the 
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phyfical agent, whether it be inanimate or living, . 


purely corporeal, or united to an intellectual 
fub{tance, the above-mentioned changes, that 
are wrought in the body, that is made to ex- 
hibit the phenomena, may be effected by the 
fame or the like means, or after the fame or the 
like manner; as for inftance, if corn be reduced 


to meal, the -materials and fhape of the mil-- 


{tones, and their peculiar motion and adapta- 
tion, will be much of the fame kind; and 
(though they fhould not, yet) to be fure the 
grains of corn will fuffer a various contrition 
and comminution in their paffage to the form 
of meal; whether the corn be ground by a 
water-mill, or a wind-mill, or a horfe-mill, or 
a hand-mill; that 1s, by a mill, whofe ftones 
are turned by inanimate, by brute, or by ra- 
tional agents. And, if an angel himfelf fhould 
work a real change in the nature of a body, it 
is {carce conceivable to us men, how he could 
do it without the afliftance of local motion ; 


fince, if nothing were difplaced, or otherwife. 


moved than before, (the like happening alfo to 
all external bodies to which it related,) it is 
hardly conceivable, how it fhould be in itfelf 
other, than juft what it was before. 

BuT to come now to the other fort of hy- 
pothefis formerly mentioned ; if the chemitts, 
or others, that would deduce a compleat natu- 
ral philofophy from falt, fulphur, and mercury, 
or any other fet number of ingredients of 
things, would well confider, what they un- 
dertake, they might eafily difcover, that the 
material parts of bodies, as fuch, can reach but 
to a {mall part of the phznomena of nature, 
whilft thefe ingredients are confidered but as 
quiefcent things, and therefore they would 
find themfelves neceffitated.to fuppofe them to. 
be active ; and that things purely corporeal 
cannot be but by means of local motion, and. 
the effects, that may refult from that, accompa-. 
nying varioufly fhaped, fized, and aggregated 
parts of matter: fo that the chemift and other 
materialifts, if I may fo call them, muft (as 
indeed they are wont to do) leave the greateft 
part of the phenomena of the univerfe unex- 
plicated by the help of the ingredients (be they. 
fewer or more than three) of bodies, without 
taking in the mechanical, and’ more compre- 
henfive affections of matter, efpecially local 
motion. I willingly grant, that falt, fulphur, 
and mercury, or fome fubftances analogous to 
them, are to be obtained by the action of the 
fire, from a very great many diffipable bodies 
here below ; nor would I deny, that in expli- 
cating divers of the phenomena of fuch bodies, 
it may be of ufe to a fkilful naturalift to know 
and confider, that this or that ingredient, 
as fulphur, for inftance, does abound in the 
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body propofed, whence it may be probably ar- 
sued, that the qualities, that ufually accom- 
pany that principle, when predominant, may be 
alfo, upon its fcore, found in the body, that 
fo plentifully partakes of it. But not to men- 
tion, what I have elfewhere fhewn, that there 
are many phenomena, to whofe explication 
this knowledge will contribute very little or 
nothing at all; I fhall only here obferve, that, 
though chemical explications be fometimes the 
moit obvious and ready, yet they are not the 
moft fundamental and fatisfactory: for, the 
chemical ingredient itfelf, whether fulphur or 
any other, muft owe its nature and other qua- 
lities to the union of infenfible particles in a 
convenient fize, fhape, motion or reft, and 
contexture; all which are but mechanical af- 
fe€tions of convening corpufcles. And this 
may be illuftrated by what happens in artificial 
fire-works. For, though in moft of thofe ma- 


ny differing forts that are made, either for the 


ufe of war, or for recreation, gunpowder be a 
main ingredient, and divers of the pheenomena 
may be derived from the greater or leffer 
meafure, wherein the compofitions partake of 
it; yet, befides that there may be fire-works 
made without gun-powder, (as appears by thofe 
made of old by the Greeks and Romans,) gun- 
powder itfelf owes its aptnefs to be fired and 
exploded to the mechanical contexture of more 
fimple portions of matter, nitre, charcoal, and 
fulphur ; and fulphur itfelf, though it be by 
many chemifts miftaken for an hypoftatical 
principle, owes its inflammability to the con- 
vention of yet’more fimple and primary cor- 
pufcles; fince chemifts confefs, that it hasan 
inflammable ingredient, and experience fhews, 
that it very much abounds with an acid and 
uninflammable falt, and is not quite devoid of 


terreftreity. I know it may be here alledged, 


that the productions of chemical analyfes are 
{imple bodies, and upon that account irrefolu- 
ble. But, that divers fubftances, which che- 
mifts are pleafed to call the falts, or fulphurs, 
or mercuries of the bodies, that afforded them, 
are not fimple and homogeneous, has elfe- 
where been fufficiently proved; nor is their 
not being eafily diffipable, or refoluble, a clear 
proof of their not. being made up of more pri- 
mitive portions of matter. For, compounded, 
and even decompounded bodies, may be as 
difficultly refoluble, as moft of thofe, that che- 
mifts obtain by what they call their analyfis by 
the fire ; witnefs common green glafs, which 
is far more durable and irrefoluble than many 
of thofe, that pafs for hypoftatical fubftances. 
And we fee, that fome amels will be feveral 
times even vitrified in the fire, without lofing 
their nature, or oftentimes fo much as their 


colour ; and yet amel is manifeftly, not only a. 


compounded, but a decompounded body, con- 
~ fifting of falt and powder of pebbles or fand, 
and calcined tin, and, if the amel be not white, 
ufually of fame tinging metal or mineral. 
But how indeftructible foever the chemical 
principles be fuppofed, divers of the operations 
afcribed to them will never be well made out, 
without the help of local motion, (and that di- 
verfifed toa;) without which, we can little 
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better give an account of the phznomena of 
many bodies, by knowing what ingredients 
compofe them, than we can explain the 
operations of a watch, by knowing of how 
many, and of what metals the _ balance, 
the wheels, the chain, and other parts 
are made ; or than we can derive the ope- 
rations of a wind-mill from the bare know- 
ledge, that it is made up of wood, and ftone, 
and canvas, andiron. And here Jet me add, 
that it would not atall overthrow the Cor- 
pufcularian hypothefis, though either by more 
exquilite purifications, or by fome other ope- 
rations, than the ufual analyfis of the fire, it 
fhould be made appear, that the material prin- 
ciples, or elements of mixed bodies, fhould 
not be the ¢ria prima of the vulgar chemitts, 
but either fubftances of another nature, or 
elfe fewer, or more in number ;_ as would be, . 
if that were true, which fome fpagyrifts af- 
firm, (but I could never find,) that fromm all 
forts of mixed bodies, five, and but five, dif- 
fering fimilar fubftances can be feparated : or, 
as if it were true, that the Helmontians had 
fuch a refolving menftruum as the Alkaheft of 
their mafter; by which he affirms, that he 
could reduce ftones into falt of the fame 
weight with the mineral, and bring both that 
falt, and all other kind of mixed and tangible 
bodies, into infipid water. For, whatever be 
the number or qualities of the chemical prin- 
ciples, if they be really exiftent in nature, it 
may very poffibly be fhewn, that they may 
be made up of infenfible corpufcles of deter- 
minate bulks and fhapes ; and by the various 
coalitions and contextures of fuch corpufcles, 
not only three or five, but many more mate- 
rial ingredients, may be compofed or made to 
refult. But, though the Alkaheftical reductions 
newly mentioned fhould be admitted, yet the 
mechanical principles might well be accommo- 
dated even tothem. For the folidity, tafte, ° 
8c. of falt, may be fairly accounted for, by the 
{tiftnefs, fharpnefs, and other mechanical af- 
fections of the minute particles, whereof falts 
confift; and if, by a farther aétion of the 
alkaheft, the falt, or any other folid bady, 
be reduced into infipid water, this alfo may 
be explicated by the fame principles, fuppofing 
a farther comminution of the parts, and fuch 
an attrition, as wears off the edges and points, 
that enabled them to {trike brifkly the organ’ 
of tafte: for, as to fluidity and firmnefs, 
thofe mainly depend upon two of our grand 
principles, motion and reft. And J have elfe- 
where fhewn, by feveral proofs, that the agi- 
tation of reft, and the loofer contact, or clofer 
cohzefion, of the particles, is able to make the 
fame portion of matter, at one time a firm, 
and at another time a fluid body. So thar, 
though the further fagacity and induftry of 
chemifts (which I would by no means difcou- 
rage) fhould be able to obtain from mixed 
bodies homogeneous fubftances, differing in 
number, or nature, or both, from their vulgar 
falt, {ulphur, and mercury ; yet the corpufcu- 
Jar philofophy is fo general and fertile, as to 
be fairly reconcilable to fuch a difcovery ; and. 
alfo fo ufeful, that thefe new material prifici- 
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ples will, as well as the old triad prima, ftand 
in need of the more catholick principles of the 
Corpufcularians, efpeciaily local motion. And 
indeed, whatever elements cr ingredients men 
have (that I know of) pitched upon, yet if 
they take not in the mechanical affections of 
matter, their principles have been fo deficient, 
that I have ufually obferved, that the mate- 
rialifts, without at all excepting the chemuitts, 
do not only, as I was faying, leave rhany things 
unexplained, to which their narrow principles 
will not extend; but, even in the particulars, 
_they prefume to give an account of, they ei- 
ther content themfelves to affign fuch common 
and indefinite caufes, as are too general to fig- 
nify much towards an inquifitive man’s fatif- 


faction ; ot if they venture to give particular 


caufes, they affign precarious or falfe ones, 
and liable to be eafily difproved by circum- 
ftances, or inf{tances, whereto their do¢trine 
will not agree, as 1 have often elfewhere had 
occafion to fhew. And yet the chemifts need 
not be frighted from acknowledging the prero- 
gative of the mechanical philofophy, fince 
that may be reconcileable with the truth of 
their own principles, as far as thefe agree with 
the phenomena they are applied to. For 
thefe more confined hypothefes may be fub- 
ordinated to thofe more general and fertile 
principles, and there can be no incredient af- 
figned, that has a real exiftence in nature, 
that may not be derived either immediately, or 
by a row of decompofitions, from the uni- 
verfal matter, modified by its mechanical af- 
fections. . For if, with the fame bricks, di- 
verfly put together and ranged, feveral walls, 
houfes, furnaces, and other ftructures, as vaults, 
bridges, pyramids, &c. may be built, merely 
by a various coritrivement of parts of the fame 
kind ; how much more may great variety of 
ingredients be produced by, or, according to 
the inftitutioh of nature, refult from the va- 
rious coalitions and contextures of corputcles, 
that need not be fuppofed, like bricks, all 
of the famé, or near the fame fize and fhape, 
but may have amongft them, both of the one 
and the other, as great a variety as need be 
wifhed for, and indeed a greater than can 
eafily be fo-much as imagined ? And the pri- 
mary ahd minute concretions, that belong to 
thefe ingredients, may, without oppofition 
from the mechanical phildfophy, be fuppofed 
to have their particles fo minute and ftrongly 
coherent, that nature of herfelf does fcarce 
ever tear them afunder ; as we fee, that ‘nier- 
cury and gold may be fucceffively made to put 
on a multitude of difguifes, and yet fo retain 
their natute, as to be reducible to their pri- 
{tine forms, And you know, I lately told 
you, that common glafs and. good atmels, 
though both of them but faétitious bodies, and 
not only mixed, but deeompounded conére- 
tions, Have yer their camponént parts fo 
ftridtly united by the fkill of illiterate tradef- 
men, as to maintain their union in the vitri- 
fying violence of the fire. Nor do we find, 
that common glafs will be wrought upon by 
aqua fortis, or aquia regis, though the former 
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of them will diffolve merctiry, and the latter 
gold. . 

From the foregoing difcourfe it may (pro- 
bably at leaft) refult, that if, befides rational 
fouls, there are any immaterial fubftances (fuch 
as the heavenly intelligences, and the fabftan- 
tial forms of the Ariftotelians,) that regularly 
are to be numbered among natural agents, 
their way of working being unknown to us, 
they can but help to conftitute and effect 
things, but will very little help us to conceive 
how things are effected; fo that by what- 
ever principles natural things be conitituted, it 
is by the mechanical principles, that their phe- 
nomena muft be clearly explicated. As for 
inftance, though we fhould grant the Arifto- 
telians, that the planets are made of a quintef- 
fentia] matter, and moved by angels, or imma- 
terial intelligences 3 yet, to explain the ftations, 


-progreffions, and retrogradations, and other 


phaenomena of the planets, we muft have re- 
courfe either to eccentricks, epicycles, &c. or 
to motions made in elliptical or other peculiar 
lines; and, in a word, to theories, wherein 
the motion and figure, fituation, and other 
mathematical or mechanical affections of bodies 
are mainly employed. But if the principles 
propofed be corporeal things, they will be then 
fairly reducible, or reconcilable, to the mecha- 
nical principles; thefe being fo general and 
pregnant, that among things corporeal, there 
is nothing real, (and I meddle not with chi- 
merical beings, fuch as fome of Paracel/us’s,) 


that may not be derived from, or be brought 


to, a fubordination to fuch comprehenfive prin- 
ciples. And when the chemifts fhall fhew, 
that mixed bodies owe their qualities to the 
predominancy of this or that of their three 
grand ingrediénts, the Corpufcularians will 
fhew, that the very qualities of this, or that 
ingredient, flow from its peculiar texture, and 
the mechanical affections of the corputcles it is 
made up of. And to affirm, that, becaufe the 
furnaces of cliemifts afford a great number of 
uncommon productions and phenomena, there 
are bodies or operations amongft things purely 
corporeal, that cannot be derived from, or re- 
conciled to, the comprehenfive and pregnant 
principles of the mechanical philofophy, is, as 
if, becaufe there are a great number and va- 
riety of anthems, hymns, pavins, threnodies, 


courants, gavots, branles, farabands, jigs, and. 


other (grave and fprightly) tunes to be met 
with in the bodks and practifes of muficians, 
one fhould maintain, that there are in them a 
great many tunes, or at leaft, notes, that have 
no dependence on the fcale of mufick ; or, 48 
if, becaufe, befides rhombuffes, rhomboids, 
trapeziurfis, f{quares, pentagons, chiliagons, 
myriagons, and innumerable other polygons, 
regular, afid irregular, one fhould prefume to 
affirm, that there are among them fome re¢ti- 
linear figures, that are not reducible to trian- 
gles, or have affections, that will overthrow 
what Euclid. has taught of triangles and ‘poly- 
gons. 
__ To what has been faid I fhall add but one 
thing more; that as, according to what I 
formerly 
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formerly intimated, mechanical principles and 
cxplications are for their clearneds preferred, 
even by materialifts themfelves, to others, in 
the cafes where they can be had; fo, the fa- 
gacity and induftry of modern naturalifts and 
mathematicians having happily applied them 
to feveral of thofe difficult pheenomena, (in 
hydoftaticks, the practical part of opticks, 
gunnery, &c.) that before were, or might be 
referred to occult qualities; it is probable, 
that when this philofophy is deeplier fearched 
into, and farther improved, it will be found 
applicable to the folution of more and more 
of the phznomena of nature. 
occafion let me obferve, that it is not always 
neceflary, though it be always defirable, that 
he, that propounds an hypothefis in aftronomy, 
chemiftry, anatomy, or other part of phyficks, 
be able @ priori, to prove his hypothefis to he 
true, or demonftratively to fhew, that the other 
hypothefes propofed about the fame fubyect 
muit be falfe. Foras, if I miftake not, Plato 
jaid, that the world was God’s epiftle written 
to mankind, and might have added, confo- 
nantly to another-faying of his, it was written 
in mathematical letters: fo, in the phyfical 
explications of the parts and fyftem of the 
world, methinks, there is fomewhat like what 
happens, when men conjecturally frame feve- 
ral keys to. enable us to underftand a letter 


And on this 
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written in cyphers. For though one man, by 
his fagacity have found out the right key, it 
will be very difficult for him, either to prove 
otherwife than by trial, that this or that word 
is not fuch, as it is gueffed to be by others, 
according to their keys; orto evince, @ priori, 
that their’s are to be rejected, and his to be 
preferred ; yet, if due trial being made, the 
key he propofes, fhall be found fo agreeable 
to the characters of the letter, as to enable 
one to underftand them, and make a coherent 
fenfe of them, its fuitablenefs to what ir 
fhould decypher, 1s, without either confuta- 
tions, or extraneous pofitive proofs, fufficient | 
to make it be accepted as the right key of that 
cypher. And fo, in phyfical hypothefes, there 
are fome, that, without noife, or falling foul 
upon others, peaceably obtain difcerning men’s 
approbation only by their fitnefs to folve the 
phenomena, for which they were devifed, 
without croffing any known obfervation or law 
of nature. And therefore, it the mechanical 
philofophy go on to explicate things corporeal 
at the rate it has of late years proceeded at, it 
is {carce to be doubted, but that, in time, un- 
prejudiced perfons will think it fufficiently re- 
commended by its confiftency with itfelf, and 
its applicablenefs to fo many phenomena of 
nature. 


A RECAPITULATION. 


PERCEIVING, upon a review of the fore- 
going paper, that the difficulty and im- 
portance of the fubyect, has feduced me to 


{pend many more words about it, than J at firft 


defigned ; it will not now be amifs to give 
you this fhort fummary of. what came into my 
mind, to recommend to you the mechanical 
philofophy, and obviate your fears of feeing 
it fupplanted ; having firft premifed once for 
all, that prefuppofing the creation and general 
providence of God, I pretend to treat but of 
things corporeal, and do abftract in this pa- 
per from immaterial Beings, (which otherwife 
I very willingly admit,) and all agents and ope- 
rations miraculous or fupernatural. 


I. Or the principles of things corporeal, 
none can be more few, without being infuf- 
ficient, or more primary, than matter and 
miotion, 


I]. THe natural and genuine effect of va- 
rioufly determined motion in portions of mat- 
ter is, to divide it into parts of -differing 
fizes, and fhapes, and to put them into diffe- 
rent motions; and the confequences, that flow 
from thefe, in a world framed as ours is, 
are, as to the feparate ‘fragments, pofture, 
order, and fituation, and, as to the conven; 
tions of many of them, peculiar compofitions 
and contextures. 3 | 


t 

III. ‘FBS. parts of matter endowed with 
thefe catholitk affections are, by various affo- 
ciations, reduced to natural bodies of feveral 
kinds, according to the plenty of the matter, 
and the various compofitions and decompofi- 
tions of the principles ; which all fuppofe the 
common inatter they diverfify: and thefe fe- 
veral kinds of bodies, by virtue of their mo- 
tion, reft, and other mechanical affections, 
which fit them to act on, and fuffer from 
one another, become endowed with {feveral 
kinds of qualities, (whereof fome are called 
maniteft, and fome occult,) and thofe, that 
act upon the peculiarly framed organs of fenfe, 
whofe perceptions, by the animadverfive fa- 
culty of the foul, are fenfations, 


IV. THESE principles, matter, motion, (to 
which reft is related) bignefs, fhape, pofture, 
order, texture, being fo fimple, clear, and 
comprehenfive, are applicable to all the real 
phenomena of nature, which feem not ex- 
plicable by any other not confiftent with ours. 
For, if recourfe be had to an immaterial prin- 
ciple or agent, it may be fuch an one, as is 
not intelligible ; and however it will not en- 
able us to explain the phenomena, becaufe its 
way of working upon things material, would 
probably be more difficult to be phyfically 
made out, than a mechanical account of the 
phenomena, _ And, notwithftandine the im- 

. materiality 
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materiality of a created agent, we cannot 
conceive, how it fhould produce changes in 
a. body, without the help of mechanical prin- 
ciples, efpecially local motion ; and according- 
ly we find not, that the reafonable foul in 
man is able to produce what; changes it 
pleafes in the body, but is confined to fuch, 
us it may preduce by determining, or guiding 
the motions of the fpirits, and other parts 
of the bedy, fubfervient to yoluntary mo- 
tion. . 


V. Anp if the agents, or active princi- 
ples reforted to, be not immaterial, but of 
a corporeal nature, they muft either in effect 
be the fame with the corporeal principles 
above-named ; or, becaufe of the great uni- 
verfality and fimplicity of ours, the new ones 
propofed, muft be leds general than they, and 


confequently capable of being fubordinate, or 
reduced to ours, which by various compofi- 
tions may afford matter to feveral hypothefes, 
and ky feveral coalitions afford minute concre- 
tions exceedingly numerous and dur&bla anid 
confequently fit to secome the elemeftary 
ingredients of more corffpounded bodies? bes 
ing in moft trials fimilar, and as it were the 
radical parts, which may, after feveral man- 
ners, be diverfified; as in Latin, the themes 
-ate-by prepofitions, terminations, 8cc. and in 
Hebrew, the roots by the hzemantic letters, 
So that the fear, that fo much of a new phy- 
fical hypethefis, as is true, will y ehtone Be 
make ufelefs the mechanical principles, is, as 
if one ‘fhould: fear, that thete, will be a 
language propofed, that is difcordant from, 
ot not feflucible (to, the letters of the als 
phabet. a 
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TRACT S 


CONTAINING 


I. SUSPICIONS about fome HIDDEN QUALITIES 
of the AIR; with an APPENDIx touching CE- 
LESTIAL MAGNETS, and fome other 


PARTICULARS. 


UW. ANIMADVERSIONS upon Mr. HopspseEs’s 
PROBLEMATA DE VACUO. 


Ill. A DISCOURSE of the Cause of ArT- 
TRACTION by SUCTION. 


P R E 


MONG other papers, that I defigned 
A to contribute towards the natural hifto- 
ry of the air, I began fome years ago 

to fet down a colleétion of fome new or lefs 
heeded obfervations and experiments relating 
to the caufes and effects of changes in the air, 
which I referred to feveral heads, as to the 
air’s heat, coldnefs, moifture, drynefs, diapha- 
neity, opacity, confiftence, feveral faltnefles 
and other titles; the laft of which was of the 
occult qualities of the air, fuppofing there be 
any fuch, And though afterwards I was, by 
ficknefs and other impediments, diverted from 
proceeding in that collection, and induced to 
lay afide fome of the obfervations I had pro- 
vided, and employ in other treatifes, fuch as 
were proper to them ; yet as to the title, that 
contained fufpicions about fome hidden qua- 


lities of the air, the poffibility, if not likeli- 
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hood, that either the matters of fact, or the 
intimations delivered in them, might afford 
hints not wfelefs to the fagacious and inquifi- 
tive, perfuaded me to let it efcape the fate of 
its companions, though poffibly, if I had 
more confulted my own reputation, I fhould 
leaft of all have fuffered this title to appear, 
there being none of the reft, that was not lets 
conjectural. But it being thought unfit, that 
any thing fhould perifh, that related to fo 
confiderable and uncommon a fubjeét, as that 
of this title, I was content to caft the col- 
Jeéted experiments into the following effay, 
for the reafons expreffed at the beginning and 
clofe of the enfuing paper. Which, it was 
hoped, may be the better underftood, and lefs 
liable to have its defign miftaken, by being 
ufhered in by this advertifement about the oc- 
cafion of it, 
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METALS in ther ORE, 


Expofed to 


T is altogether unneceffary to my prefent 
purpofe, to examine, whether metals and 
minerals, as if they were a kind of fubter- 

raneal plants, do properly, grow as vegetables 
do. For this enquiry belongs to another place, 
but not to this; where the reference made in 
the 468th page of the following paper does 
not oblige me to fpeak of the growth of metals 
in any other, than a lax and popular fenfe, in 
which a metal may be faid to grow, if a por- 
tion of matter being affigned, wherein as yet 
men can find either no metal, as gold or tin, 
or but fuch a quantity of it; thisbeing expofed 
to the air, will after a time ejtherafford fome 
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metal, where there appeared none before, or 4 
greater proportion of metal than it had be- 
fore. 

OsseERvaTions of this kind requiring 
length of time, as well as refidence near places 
abounding with, minerals, I have little or no 
opportunity to make any of them myfelf, at 
Jeaft with the warinefs, that to me feems due 
to abfervations, that I think not eafy to be well 
made. And therefore J muft content myfelf 
to fet down what I have been able to learn by 
converfing with mineralifts and travellers, and 
to add fome particulars, that I met with in 
authors of good. credit. 
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OBSERVATIONS about the GrowTyu of TIN. 


‘* ® N ancient owner of mines, being afked 
f by me, whether he could, otherwife 
than upon the conjectures of vulgar tradition, 
prove, that minerals grow, even after the veins 
have been dug? anfwered affirmatively ; and 
being defired to let me know his proofs, he 
gave me thefe that follow. 

He told me, that not’ far from his houfeé 
there was atin-mine, which the old diggers 
affirmed to have been left off, fome faid eighty, 
fome an hundred and twenty years ago, be- 
caufe they. had by their wafhing and vanning 
feparated all the ore from the reft of the earth, 
and yet of late years they found it fo richly 
impregnated with metalline particles, that it 
was wrought over again with very good pro- 
‘fit, and preferred to fome othér mines, that 
were actually wrought, and had never been fo 
robbed. And when I objected, that probably 
this might proceed from the lazinefs and un- 
{kilfulnefs of workmen in thofe times, who 
leftin the earth the tin, that -was lately fepa- 
rated, and might then have been fo; I was 
anfwered, that it was a known thing in the 
‘country, that in thofe times the mine-mén 


were more careful and laborious, to feparate 
the metalline part from the reft of the ore, than. 
now they are. — 

He alfo affirmed to me, that in his own 
time fome tenants and neighbours of his (em- 
ployed by him) having got all the ore they 
could out of a great quantity of ftuff, dug 
out of a tin-mine, they laid the remains in 
breat heaps, expofed to the air, and within 
twenty and thirty years after, found them fo. 
richly impreghated, that they wrought them 
over again with good benefit. 

Awnp laftly, he affured me, that ina work 
of his own, wherein he had exercifed his fkill 
and experience,.{which is faid to be very great) 
to feparate all the particles of the tin from the 
terreftrial fubftances, that were dug up with it 
out of the vein, he caufed dams to be made to 
ftop the earthy, fubftance, whith the ftream 
wafhed away from the ore, giving paflage to 
the water}; after it had let fall this fubftance, 
which lying in heaps expofed to the arr, 
within ten or twelve years, and fometimes 
much lefs, he examined this, or that heap, 
and found it to contain fach ftore of metalline 

particles, 
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particles, as invited him to work if again, and 
do it with profit. And yet this gentleman 
was fo dextrous at feparatine the metalline 
from the other parts of tin-ore, that 1 could 
(not without wonder) fee, what {mall corpufcles 
he would, to fatisfy my curiofity, fever from 
vaft quantities (in proportion) of earthy and 
other mineral ftuff. 

RELATIONS agreeable to thefe I received 


from another very ingenious gentleman, that 
was converfang with tin-mines, and’ Jived not » 
far from more than one-of them. 

I was the more folicitous to procure an in- 
formation about the growth of this metal, be- 
caufe the bulk of that, which is ufedin Europe, 
being found in England, I have met with. lit- 
tle or no mention of the growth of it in out- 
landifh writers. 


hen I 


OBSERVATION S about the GrowTrn of LEAD. 


S for the growth of lead in the ore ex- 

pofed fo the air, I remember, I en- 
quired about it of a pgerfon of quality, who had 
a patent for divers leaden mines, that were fup- 
pofed to contain filver, and wrought fome of 
them himfelf at no {mall charge, pe not with- 
out profit; and, as J cuties he anfwered 
me, that the lead-ore, that had been wrought 
and laid in heaps, did, 1n tract of time, grow 
impregnated with metal again, and, as expe- 
rience manifefted, became worth working a 
fecond time. And indeed fome mineralifts 
deliver it as a general gbfervation, that the 
srowth and rena{cence of metals js more ma- 
nifeft in lead than ip any other of them. £effu- 
larum mons in Hetruria, fays Boccatins Cer- 
tardus, who delivers it as a moft approved 
truth, florentie Civitati immingns, lapides 
plumbarios haket, qui, fi excidantur, brevi tem- 
poris {patio novis incrementis inftaurantur. J. 
Gerhard. in decade queftionum, pag. m. 22. 
_ Tu fubtilius ne queras (fays Agricola, {peak- 
ing of the growth of mines in general) /ed tan- 
tummodo vefer animum ad cuniculos, &F comf- 
dera; eos adex interdum memoria hominum in 
anguftum venifje, ut aliqua fai parte nullum aut 
admedum dificilem prakeant trayfitum, cium eqs 
fatis laté agere foleant foffores, ne tranfturos 
impediant. In tales autem anguftias funt adduéti 
peapter accretiquem materia, ex qua lapis eft 
factus. 

But whether this increment of lead is ob- 
fervable in all mines of that metal, I was in- 
duced to doubt by the anfwer given me by a 
gentleman, whofe houfe was feated near feve- 
ral lead-mines, and who was himfelf owner of 
one or two, which he yet caufes to be wraught: 
for this gentleman, though a chemift, affured 
me, that in the country,, where he lives, which 
is divided by thé fea from that of the perfon 
above-mentioned, he never abferved the lead- 
Ore to encreafe, either out of the veins or in 
them; but that in fome places, whence ore 
had been dug thirty or forty, if not fifty 
years before, he perceived not on the fides of 
the paffages, whence the ore had been dug, 
that any other had grown in its place, or that 
the paflages, though narrow.before, were fen- 
fibly ftraightened, much lefs blocked up. 

Awp jndeed, if there were no other argu- 
ments in the cafe, the ftraightning of the an- 
cient paflages in procefs of time would not 
convince me. For, when I confider, that the 


foils, that abound with metals, do ufually alfo 


abound with waters, which are commonly im- 
bibed, by the qeighheuring earth ; and when - 
I a tog, that- water is fomewhat ex: 
panded by beihg turtied into ice, dnd thde™ 
this expanfion is made, (as I have often tried) 
though flowly, yet with an exceeding great 
force, by whieh it often ftretches or breaks the 
vefiels that contain it: when I confider thefe 
things, I fay, Iam apt to fupect, that fometimes 
the encreafine narrownefs of the fubterraneali 
paffages in mines may proceed from this, that 
thie foil, that invirons them, if they lie not 
deep, may have the water, imbibed by them, 
frozen in fharp winters. By which glaciation, 
the moiftened portion of the foil muft forcibly 
endeavour to expand itfelf, and actually do fo 
in the parts contiguous to the pafiage, fince 
there it finds no refiftance: and though the 
expanfion made in one yéak or two be but 
{mall, and therefore not obferved; yet, in a 
fucceffion of many winters, it may by degrees 
grow to be very confiderable. But this fufpi- 
cion I fuggeft not, that I would deny the 
growth of minerals, but to recommend this 
argument for it to further confideration. And 
yet I take this to be a better proof, than 
what is much relied on by fome writers of 
metals, who ufge, that in churches, and other 
magnificent buildings, that are leaded over, 
the metalling roofs, in a long tract of years, 
grow far more ponderous, infomuch, that 
oftentimes there 1s a neceffity to remove them, 
and exchange them for braf§ ones. For though 
this plaufible argument be urged by feveral 
writers, and among them by the learned Fa, 
Gerbardus, pag. m. 223 yet I fear they pro- 
ceed upon a miftake. For having had fome 
accafion to obferve and enquire after this kind 
of lead, I foon fufpected, that the increment 
of weight, (which fometimes may indeed be 
very great) was no clear proof of the real 

rowth of the metal itfelf. For in that, which 

had occafion to confider, the additional 
weight, as well as bulk, feemed to proceed from 
acetous or other faline corpufcles of the timber 
of thofe buildings, which by degrees exhaling 
and corroding, that fide of the lead which 
they faftened on, turned it with themf¢lves 
into a kind of Ceruffe : which fufpicion I fhall 
briefly make probably by noting, 1. That I 
have found by trial purpofely made, that 


_ woods afford an acid, though not merely acid, 


liquor, capable of corroding lead: 2. That it is 
known, that lead turned into Ceruffe increafes 
: ay notably 


the GROWTH of METALS. 


notably in weight, fome fay, (for I had not 
opportunity to try it) above fix or feven in the 
hundred. 3. That from the fheets of lead, 
that have very long covered churches, and the 
like buildings, there is often obtained by fcrap- 
ing a good proportion of white lead, which I 
have known much preferred, by an eminent ar- 
tift, to common ceruffe, when a white pigment 
was to be employed. And, by the way, 
men’s finding this ceruffe not on that fide of 
the lead, that is expofed to the outward air, 
(where I fcarce ever obferved any) but on the 
infide, that regards the timber and other 
wooden work, may difabufe thofe, that fancied 
this ceruffe to be a part of the lead calcined by 
the beams of the fun, that ftrike immediately 


upon the metal. And if to this it be added, 
that by diftillation and otherwife I have found 
caufe to fufpect, that alabafter and white mar- 
ble may emit {pirituous parts, that will invade 
lead, it may be doubted, whether what Galex 
relates of the great intumefcence of leaden 
bands or faftenings, wherewith the feet of 
itatues were faftened to their pedeftals, be a 
fure argument of the real growth of that metal 
in the air. 

But I begin to digrefs, and feemingly to 
the prejudice of the particular {cope of this 
paper; but yet not to that of one of the main 
{copes of all my phyfical writings, the difquifi- 
tion and advancement of truth. 


OBSERVATIONS about the Growtry of IRON. 


Did not find in one of our chief mines of 
iron, that there was any notice taken of the 
growth of that metal; but in another place or 
two, fome, that deal in iron-ore, informed 
me, that they believe it grows, and may be 
regenerated ; and upon that account one of 
them fet up a work, contiguous to fome land 
of mine, to melt over again the remainder of 
ore, that had been already wrought (at a great 
diftance from that place) and had for fome ages 
lain in heaps expofed to the free air ; but with 
what fuccefs this chargeable attempt has been 
made, I am not yet informed. 
But of the growth of iron in the ifland of 
Ilva or Elva, in the Tyrrhene fea, not far 


nens: nam terra, que eruitur, dum vena effodi- 
tur, tota procedente tempore in venam conver- 
titur. 

Awp the experienced Agricola gives us the 
like account of a place in his country, Germa- 
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ny, In Lygiis, fays he, ad Sagam oppidum in = Sa de 
pratis eruitur ferrum, foffis ad altitudinem bi- 7. Met: 


pedaneam aétts, 
ditur, non aliter ac Ilve ferrum. 

Tue learned Foban. Gerbardus, out of a 
book, which he calls Conciones Metallice ; 1 
fuppofe he means the High Dutch Sermons of 
Mathefius, (whofe language I underftand not) 
has this notable paflage to our prefent purpofe: 


Id decennio renatum denuo fo- iib. U. 
cap. 19. 


KRelatum mibi eft a metallico foffore, ad ferra-¥. Gers 


from the coaft of Tufcany, not only ancient 
authors, as Pliny and Strabo, take fpecial no- 
tice, but modern mineralifts of very good cre- 


rias, que non longé Amberga diftant, terram tard. 
inanem cum ferri minera erutam, quam vocant Profffir 


. Tubingen- 
den Gummer, mixtam cum recrementis ferri, fis, Decad. 


+ TL teft the fame thing ; of whom the latter {peaks inffar magni cujufdam valli, folibus pluviifque fie 
0.6. thus: Vena ferri copiofifima eft in Italia, ob exponi, (P decimo quinto anno denud excoqui,~? pou 
eam nobilitata, Ilva, Tyrrent maris infula, in- eltquarique ferrum tante tenacitatis, ut fole la-m. 18. 


dit, as Falopius and Czfalpinus, particularly at- 


credibili copid etiam noftris temporibus eam gig- 


que appellatur der Sinder, congeftam in cumulos, Queft. 


mine inde procudantur. 
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F the growth, as is fuppofed, of filver 
©) in the form of trees or grafs or other ve- 
getables, I have met with fome inftances a- 
mong mineralifts, and I have elfewhere men- 
tioned, that an acquaintance of mine fhewed 
me a ftone, wherein he affirmed the filver, I 
{aw in it, to have increafed fince he had it. 
But for certain reafons, none of thefe relations 
feem to me very proper to my prefent purpofe ; 
in order to which, I fhall therefore fet down on- 
ly one inftance, which | lately met with ina 
French collection of voyages, publifhed by a 
perfon of great curiofity and induftry, from 
whofe civility I received the book. For 
there, in an account given bya gentleman of 
his country of alate voyage he made to Peru, 
wherein he vifited the famous filver- mines of 

Vou. Ill. : 
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Potof, I found a paffage, which {peaks to this 
fenfe: Le meilleur argent, &Sc. i. e. The beft 


filver in all the Indies, and the pureft, is that of “orage du 
the mines of Poteff; the chief have been found 94" 4# 


in the mountain of Aranzaffe: and (fome lines ae 


being interpofed) it is added, that they draw 
this metal even from the mineral earths, that 
were in times paft thrown afide, when the 
ground was open, and the grooves and thafts, 
that are in the mountains, were made; it 
having been obferved, that in thefe recrements, 
metal had been formed afrefh fince thofe times, 
which fufficiently fhews the propenfity of the 
foil to the production of this metal; yet it is 
true, that thefe impregnated earths yield not 
fo much as the ordinary ore, which is found in 
veins betwixt the rocks. . 

O B- 
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OBSERVATIONS about the GRowTH of GOLD. 


S for the growth of gold, the enquiries 
A IT have yet made among travellers give 
me no great fatisfaction about it, and though 
I have fpoken with feveral, that have been at 
the coaf{t of Guinea, and in Congo, and other 
parts of Afric, where much gold 1s to be had; 


yet I could not learn by them, that they, or- 


any acquaintance of theirs among the natives, 
had feen any mines or veins of gold, (which 
yet divers authors affirm to be found in more 
than one kingdom of ¢thiopia, and in fome 
other African Countries.) And having after- 
wards met with a learned traveller, that had 
carefully vifited the famous gold-mines of 
Cremnitz in Hungary, he an{wered me, that he 
did not learn from the miners, whether or no 
the ores of gold, &c. did really grow or were 
regenerated in tract of time, by being expofed 
tothe air, or upon any other account ; but the 
grand overfeer, who was lord of part of the 
foil, told him; that he thought the whole 


mountain to abound with particles of gold, and. 


therefore was wont, when the diggers had al- 
moft exhaufted the vein, to caft in ftore of 
earth, and dig up other neighbouring places, 
which, being kept there as in a confervatory, 
would afterwards afford gold, as the mine did 
before. 
Awp, if alate German profeffor of phyfick 
do not mifinform us, his country affords an 
Feban. eminent inftance of the growth or regeneration 
maeken of gold. Nam Corbachi, fays he, que eft ct- 
~ viltas Weftpbalie, fub ditione comitis de Lfenborg 
Quafie- §2 Waldeck, aurum excoquitur ex cumulis con- 


NUM pag. 
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geftis, ita ut fingulis quadrienniis iterum elaba- 
retur cumulus unus, femper fe reftaurante na- 
turd, €Pe. 


POSTSCRIPT. 


INCE the fetting down of the foregoing 
obfervations, I cafually met with a curious 
book of travels, lately made by the very inge- 
nious Dr. Edward Brown, and finding in page 
100, a couple of relations, that feem pertinent 
ly referable, the one to a paffage above-cited 
out of Agricola, in the notes about the growth 
of lead, and the otherto the prefent title about 
the growth of gold; I thought fit to annex 
them in the learned author’s own words, viz. 
‘© y, SoME paflages in this mine cut throuch 
‘the rock, and long difufed, have grown up 
‘‘ again: and I obferved the fides of fome, 
‘‘ which had been formerly wide enough to 
‘“¢ carry their ore through, to approach each o- 
‘© ther, fo as we pafled with difficulty. This 
‘¢ happens moft in moift places ; the paflages 
‘¢ unite not from the top to the bottom, but 
‘¢ from one to another. 
‘© 9, THE common yellow earth of the 
‘© country near Cremnitz, efpecially of the hills 
<< towards the weft, although not efteemed ore, 
‘< affords fome gold : and in one place, I faw 
‘ca great part of an hill digged away, which 


_ hath been caft into the works, wafhed and 


‘¢ wrought in the fame manner as pounded ore, 
‘«¢ with confiderable profit. 


. fore-going obfervations about the 
growth of gold and other metals are not 
all, that might, perhaps without being blamed 
or it, have referred to that title. But all my 
papers, wherein other obfervations of this kind 
were fet down, are not now at hand, and di- 
vers other inftances, that I have met with a- 
mong writers, of the growth of metals, (taking 
that expreffion in the fenfe I formerly declared) 
do not feem to me fo pertinent in this place, be- 
caufe the improving ores were not expofed, nor 
perchance acceffible to the air. And even as to 
the inftances, that I have now mentioned, till 
{feverer obfervations have been made, to deter- 
mine, whether it be partly the contact or the o- 
peration of the air, or fome internal difpo- 
fition, analogous to a metalline feed or ferment, 
that caufes this metalline increment, I dare not 
be pofitive ; though I thought the intereft of 
the air in this effect might make it pardonable, 
to add on this occafion to the hiftory of nature 
fome particulars, of which the caufe conjectu- 
rally propofed may be probable enough to 
countenance a fufpicion, till further experience 
have more clearly inftructed us. 


To what has been faid of the growth of me- 
tals in the air, I add fome inftances of the 
growth of foffile falts, and of fome other mi- 
nerals: but, befides that thefe belong to the pa- 
per about the faltnefs of the air; what has been 
already faid may fuffice for the prefent occafion, 
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F TER what I writ in the 446 page of 
A the following difcourfe, having an op- 
portunity to look again upon the marchafite 
there mentioned to have been hermetically 
fealed up after its furface had been fteed from 
the grains of vitriolate falt, that adhered to it, 
I perceived, that notwithftanding the clafs had 
been fo clofely ftopped, yet there plainly ap- 
peared from the outfide of the mafs fome grains 
of an efforefcence, whofe colour between blue 
and green, argued it to be of a vitriolate nature, 
If this be feconded with other trials made with 
the like fuccefs, it may fuggeft new thoughts 
about the growth of metals and minerals, ef- 
pecially with reference to the air, 


sus. 
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ABOUT 


Some Hidden Quatities in the AIR. 


ESIDES the four Arft qualities of the 

air, (heat, cold, drynefs and moifture) 
that are known even to the vulgar; and 
thofe more unobvious, that philofophers and 
chemifts have difcovered, fuch as gravity, 
fpringinefs, the power of refracting the beams of 
light, 8c. I have often fufpected, that there 
may be in the air fome yet more latent quali- 
ties or powers differing enough from all thefe, 
and principally due to the fubftantial parts or 
ingredients,whereof it confifts. And to this con- 
jecture I have been led, partly (though not 
only, or perhaps chiefly) by confidering the 
conftitution of that air we live and breathe in, 
which, to avoid ambiguities, I elfewhere call 
Atmofpherical air. For this is not, as many 
imagine, a fimple and elementary body, but a 
confufed aggregate of effluviums from fuch dif- 
fering bodies, that, though they all agree in 
conftituting, by their minutenefs and various 
motions, one great mafs of fluid matter, yet 
perhaps there is fcarce a more heterogeneous 
body in the world. 

Awp as by air I underftand not, (as the Pe- 
ripateticks are wont to do) a mere elementary 
body ; fo, when I fpeak of the qualities of the 
air, I would not be thought to mean fuch naked 
and abftraéted beings (as the {chools often tell 
us of,) but fuch as they call qualities 2 concreto, 
namely, corpufcles endued with qualities, or 
capable of producing them in the fubjects they 
invade and abound in. 

I have elfewhere fhewn it to be highly pro- 
bable, that, befides thofe vapours and exhala- 
tions, which by the heat of the fun are elevated 
into the air, and there afford matter to fome 
meteors, as clouds, rain, parhelions and rain- 
bows, there are, at leaft at fome times, and in 
fome places, ftore of effluviums emitted from 
the fubterraneal parts of the terreftrial globe ; 
and it is no leis probable, (from what I have 
there and elfewhere delivered) that in the fub- 
terraneal regions there are many bodies, fome 
fluid and fome confiftent, which, though of an 
operative nature, and like, upon occafion, to 
emit fteams, feldom or never appear upon the 
furface of the earth, fo that many of them have 
not fo much as names affigned them even by 
the mineralifts. Now, among this multitude 
and variety of bodies, that lie buried out of our 
fight, who can tell, but that there may be fome, 
if not many, of a nature very differing from 
thofe we are hitherto familiarly acquainted 
with ; and that, as divers wondertul and pecu- 
liar operations of the loadftone, ‘though a mi- 


neral many ages ago famous among philofo- 
phers and phyficians) were not difcovered tiil 
of later ages, wherein its nobler virtues have 
been difclofed ; fo there may be other fubtur- 
raneous bodies, that are endowed with confi- 
derable powers, which, if they were known, be 
found very differing from thofe of the foffiles 
we are wont to deal with ? 

I alfo further confider, that (as I have elfe- 
where endeavoured to make it probable) the 
fun and planets (to fay nothing of the fixed 
{tars) may have influences here below diftinét 
from their heat and light. On which fuppofi- 
tion it feems not abfurd to me to fufpect, that 
the fubtil, but corporeal, emanations even of 
thefe bodies may ({ometimes at lea{t) reach to 
our air, and mingle with thofe of our globe in 
that great receptacle or rendefvous of ccleftial 
and terreftrial effluviums, the atmofphere. 
And if this fufpicion be not groundlefs, the ve- 
ry {mall knowledge we have of the ftructure 
and conftitution of globes, fo many thoufands 
or hundreds of thoufands of miles remote from 
us, and the great ignorance we muft be in of 
the nature of the particular bodies, that may 
be prefumed to be contained in thofe globes, 
(as minerals and other bodies are in the earth) 
which in many things appear of kin to thofe 
that we inhabit, (as with excellent tclefcopes I 
have often with attention and pleafure obferved, 
particularly in the moon) this great imperfec- 
tion, I fay, of our knowledge may keep it from 
being unreafonable to imagine, that fome, if 
not many, of thofe bodies and their effuxions, 
may be of a nature quite differing from thofe 
we take notice of here about us, and confe- 
quently may operate after a very differing and 
peculiar manner. 

And though the chief of the hetcroclite efflu- 
viums, that endow the air with hidden quali- 
ties, may probably proceed from beneath the 
jurface of the earth, and from the ccleftial bo- 
dies ; yet I would not deny, but that, efpecially 
at fome times, and in fome places, the air may 
derive multitudes of efficacious particics from 
its own operations, acting as a fluid fubftance 
upon that vaft number and varicty of bodics, 
that are immediately expofed to it. Fer, 
though, by reafon of its great tainnefs, and 
of its being in its ufual {tate devoid both cf 
tafte and f{mell, it feems wholly unfit to be a 
menftruum ; yet Iam not {ure bur it may have 
a diffolving, or at leaft a confuming, power on 
many bodies, elpecially fuch as are pecuiarly 
difpofed to admit its operations. 
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For J confider, thatthe air has a great advan- 
tage by the vaft quantity of it, that may come 
10 work in proportion to the bodies that are ex- 
pofed to it :and I have long thought, that, in di- 
vers cafes, the quantity of a menftruum may 
much more confiderably compenfate its want of 
ftrength, than chemifts are commonly aware of, 
(as there may beoccafion elfewhere toexemplify.) 
And there are liquors,which pafs for infipid, (and 
are therefore thought to be altogether unfit to be 
folvents,) which, though they have their active 
parts too thinly difperfed to be able prefently 
to make fenfible impreffions upon our organs 
of tafting, yet are not quite deftitute of cor- 
pufcles fit to a&t as a folvent ; efpecially if they 
have time enough to make with the other parts 
of the fluid fuch numerous and various motions, 
as muft bring, now fome of them, and then o- 
thers, to hit again{ft the body expofed to them. 
Which may be illuftrated by the ruft like to 
verdigreafe, which we have obferved in copper, 
that has been long expofed tothe air, whofe fa- 
line particles, little by little, do, in tract of 
time, faften themfelves in fuch numbers to the 
furface of the metal as to corrode it, and pro- 
duce that efflorefcence coloured like verdigreafe 
which you know is a factitious body, wont to be 
made of the famemetal, corroded by the fharp 
corpufcles of vinegar, or of the hufks of 
erapes: befides, that by the power, which 
mercury has to diffolve gold and filver, it ap- 
pears, that it is not always neceffary for the 
making a fluid fit to be a diffolvent, that it 
it fhould affect the tafte. And as to thofe bo- 
dies, on which the aerial menftruum can, 
though but flowly, work, the greateft quantity 
of it may bring it this advantage, that, whereas 
even the ftrongeft menftruums, if they bear no 
great proportion in bulk to the bodies they are 
to work on, are eafily glutted, and being un- 
able to take up any more, are fain to leave the 
re{t of the body undiffolved, our aerial men- 
{ftruum bears fo vaft a proportion to the bodies 
expofed to it, that when one portion of it has 
impregnated itfelf as much as it is able, there 
may {til come frefh and frefh to work further 
on the remaining part of the expofed body. 

Besipes the faline and fulphureous parti- 
cles, that, at leaft in fome places, may (as I 
have elfewhere fhewn) impregnate the air, and 
give ita greater afhinity to chemical menftruums 
more ftrictly fo called; J am not averfe from 
thinking, that the air, merely as a fluid body, 
that confifts of corpufcles of differing fizes and 
folidities reftlefly and very varioufly moved, 
may upon the account of thefe corpufcles be 
full refolving, or preying upon the particles 
of the bodies, that are expofed to their action. 
For many of thofe aerial corpufcles, fome hit- 
ting and fome rubbing themfelves every mi- 
nute again{t thofe particles of expofed bodies, 
that chance to lie in their way, may well, by 
thofe numerous occurfions and affrictions, {trike 
off and carry along with them now fome, and 
then others of thofe particles ; as you fee it hap- 
pens in water, which, as foft and fluid as it is, 
wears out fuch hard and folid bodies as ftones 
themfelves, if it often enough meet them in 
its pafiage, according to the known faying, 
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And though the aerial corpufcles be very mi- 
nute, and the bodies expofed to them often- 
times large and fcemingly folid ; yet this needs 
not make you reject our fuppofition, becaufe jc 
is not upon the whole body at once, that, ac- 
cording to us, the aerial corpufcles endeavour 
to work, but upon the fuperficial particles, 
which may often be more minute than thofe 
corpuicles ; as you will the more eafily believe, 
if you firft obferve with a good microfcope, . 
how many extant particles may be met with on 
the furface of bodies, that to the naked eye 
feem very {mooth, and even of thofe, that are 
polifhed by art with tripoli or puttee; and 
then confider, that one of thefe protuberances, 
being yet manifeftly vifible, may well be pre- 
fumed to confift of a multitude of leffer parti- 
cles, divers of which may very well be as mi- 
nute as thofe aerial corpuicles, that fucceffively 
hit againft them, and endeavour to carry them 
along with themfelves. And this may be il- 
luftrated bya familiar inflance. For if you 
take a lump of loaf fugar, or even of a much 
folider and harder body, fal gemmez, and caft 
it into common water, though this liquor is in- 
fipid, and the motions of its corpufcles but ve- 
ry languid ; yet thefe corpufcles are capable to 
loofen and carry off the fuperficial particles of 
fugar or falt, that chance to lye in their way, 
and frefh corpufcles of water {til fucceeding 
to work upon the remaining particles of the 
expofed body, that ftands in their way, the 
whole lump is, by and little, diffolved, and 
ceafesto appear to the eyea thing diftin@ from 
the liquor. 

Some things, that have occurred me, to have 
made me fufpect, that it is not impoffible, bur 
that fome bodies may receive a difpofition to 
volatility, and confequently to pafs into the air 
by the actioneither of the fun-beams, in theform 
of fun-beams, or of fome fubftance, that once 
iffued out of the fun, and reached unto the air. 
For there may be certain bodies for the moft 
part in the form of liquors, which though they 
pais off from fome peculiarly difpofed bodies, 
may during their ftay or contaé produce in 
them a great and ftrange aptnefs to be vola- 
tized. In favour of which conje¢ture, ] might 
here alledge both the effects, which the Para- 
celfians and Helmontians afcribe to the Alka- 
heft, of volatizing even fixed and ponderous bo- 
dies barely by being often abftra€ted from 
them, and fome other things, which I thall 
now leave unmentioned, becaufe you may 
find them in my notes about Volatility and 
Fixity. 

Burt whatever becomeof this conjecture, it 
is confonant to experience, that, either upon 
the above recited accounts, or alfo fome others, 
thofe parts of the atmofphere, which, in a 
{tricter fenfe, may be called the air, are, at 
leaft, in fome places, fo intermixed with parti- 
cles of differing kinds, that among chat great 
number of various forts of them, it is very 
likely that there fhould be fome of an uncom- 
mon and unobferved nature. And I could 
countenance what has been faid by the waiting 
of odorous bodies, and efpecially camphire, 
and by reprefenting, that I have obferved fome 
folid bodies attually cold, when their fuperficial 
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parts were newly taken off, to emit, though 
invifibly, fuch copious fteams into the air, as 
to grow continually and manifeftly lighter upon 
the balance, fo as to fuffer a notable decrement 
of weight in a minute of an hour. But the 
mention I make of fuch things in another pa- 
per, diffuades me from infifting on them here, 
where it will be feafonable to refume the dif- 
courfe, which the mention of the diffolving 
power, that may be gueffed to be in the air, 
, has for fome pages interrupted, and to tell you, 
that thofe propounded, before I entered upon 
the digreffion, are the two main confiderations 
@ priort (as they fpeak) whereon I have 
grounded my furmife, which being propofed 
but as a fufpicion, I prefume it will not be ex- 
pected, that the argument @ pofferior?, which 
I fhall bring to countenance it, fhould be more 
than conjectures, much lefs, that they fhould 
be demonftrations. And therefore I fhall ven- 
ture to lay before you fome.few phznomena, 
which feem to be at leaft as probably referable 
to fome latent quality in the air, as to any 
other caufe I yet know. Upon which fcore 
fuch phenomena may be allowed to be pleaded 
in favour of our fufpicion, until fome other 
certain caufe of them fhall be fatisfactorily 
affigned. 

Havine premifed thus much to keep you 
from looking for ftronger proofs than J think 
my tafk obliges me to give; the firft phzeno- 
menon, I fhall propofe, fhall be the appearing 
or growth of fome falts in certain bodies, 
which we obferved to afford them either not at 
all, or at leaft nothing near in fuch plenty, or 
fo foon, unlefs they be expofed to the air. Of 
fuch a phaznomenon as this, that is not fo 
much as mentioned by vulgar philofophers, and 
very rarely, if at all, to be met with in the la- 
boratories of chymifts, you will not, I fuppofe, 
wonder, that I do not prefent you many ex- 
amples, and fome few I am able to name. For 
Jremember, that fufpecting a folid marchafite, 
hard as ftone, to be fit to be made an inftance 
for my purpofe, I caufed it to be broken, that 
the internal more fhining parts might be ex- 
pofed to the air; but, though this were done 
in a room, where a good fire was ufually kept, 
fo that the marchafite was not only fheltered 
from the rain, but kept in a dry air, yet after 
a while I difcovered upon the gliftering parts 
an efflorefcence of a vitriolate nature. 

AnbD afterwards meeting with a ponderous 
and dark coloured mineral, and which, at the 
firft breaking, difcovered to the eye no appear- 
ance of any falt, nor fo much as any fhining 
marchafitical particles, we found neverthelefs, 
that a good quantity of thefe hard and heavy 
bodies, being kept expofed to the air, even in 
a room, that preferved them from the rain, 
though probably they had lain many ages entire 
in the hill, wherein they were found under 
sround ; yet in not many months, by the 
operation of the air upon them, they were, 
In great part, crumbled to powder exceeding 
rich in copperas. Nay, I remember, that 
having for curiofity fake, laid up fome of 
thefe {tones in a room, where I conftantly kept 
fire, and in the drawer of a cabinet, which I 
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did not often take out to give them frefh air, 
fome, if not moft of them, were notwithftand- 
ing covered with a copious efHlore {cence,which 
by its confpicuous colour between blue and 
green, by its tafte, and by its fitnefs to make 
in a trice an inky mixture with infufion of galls, 
fufficiently manifefted itfelf to be vitriol ; whofe 
growth by the help of the contact of the air is 
the more confiderable, becaufe it is not a meer 
acid falt, but abounds in fulphureous and com- 
buftible parts, which I have divers times been 
able, by methods elfewhere mentioned, actu- 
ally to feparate or obtain from common vi- 
triol without the addition of any combuttible 
body, and fometimes without any additament 
at all. It was alfo uncommon, that our blackifh 
minerals required no longer time, nor no rain, 
to make them afford their vitriolate effore- 
{cences: for I remember, I kept many of thofe 
marchafites, both glittering ones and others, 
of which they make and fell great quantities 
of vitriol at Deptford, without perceiving in 
them a change, that came any thing near to 
what I have recited. And I obferved thofe, 
whole trade it is to make vitriol, to be often 
obliged to let their vitriol-{tones, as they call 
them, lie half a year, or even eighteen months, 
or two years expofed, not only to the open air, 
but to the rain and fun, to be able to obtain 
from them their vitriolate parts. 

Tuart alfo the earth or ore of allum, being 
robbed of its falt, will in tract of time recover 
it by being expofed to the air, we are affured 
by the experienced Agricola, where, having 
delivered the way of making allum, he fubjoins 
this advertifement: Zerra aluminofa, que in 
caftellis diluta, poftquam effluxit, fuperfuit egefta 
&S coacervata quotidie, rurfus magis {PF magis 
jit aluminofa, non aliter atque terra, ex qua ba- 
Linitrum fuit confectum, fuo fucco plenior fit ; 
quare denuo in caftella conjiccttur, 8 aque affufe 
ea percolantur. ; 

J have likewife obferved, as you alfo per- 
chance have done, that fome kind of lime in 
old walls and moift places has gained in length 
of time a copious efHorefcence, very much 
of nitrous nature; as 1 was convinced by having: 
obtained falt-petre from it by barely diffolving 
it in Common water, and evaporating the fil- 
trated folution: and, that in calcined vitriol, 
whofe faline parts have been driven away by 
the violence of the fire, particles of frefh fale 
may be found, after it has lain a competent time 
in the air, I fhall before long have occafion to 
inform you. 

BuT in the mean time, (to deal ingenuoufly 
with you,) I fhall confefs to you, that though 
thefe and the like obfervations have fatisfied 
learned men, without having been called in quef- 
tion, and confequently have, at leaft, probability 
enough to ground our fufpicion upon; yet I, 
that am more concerned for the difcovery of a 
truth than the reputation of a paradox, propofe 
the argument drawn from the-foregoing obfer- 
vations, but as a probationer. For it yet feems 
to me fomewhat doubtful, whether the falts, 
that appear in the forementioned cafes, are 
really produced by the operation of the air 
working as an agent, or alfo concurring as an 
- 6 ingre 
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ingredient ; or whether thete faline jubftances 
be not the production of fome internal thing, 
that is analagous to a feminal principle, which 
makes in thefe bodies a kind of maturation of 
fome farts, which being once ripened, and 
perhaps affilted by the moifture of the air, dif- 
clofe themfelves in the form of faline concre- 
tions 3 as inthe feculent or tartareous parts of 
many wines, there will in tract of time be ge- 
nerated or produced ftore of corpufcles of a faline 
nature, that produce the acid tafte we find in 


tartar, efpecially, that of rhenifh wine. It may 


alfo be fufpected, that the formerly mentioned 


dalts found in marchafites, in nitrous and alumi- 


nous earths, é&c. are made by the faline particles 
of the like nature, that among multitudes of 
other kinds fwim in the air, and are attracted 
by the congenerous particles, that yet remain 
in the terreftrial bodies, that are, as it were, 
the wombs of fuch minerals, (as I have elfe- 
where fhewn, that the fpirit of nitre will, with 
fixed nitre and fome other alkaltes, conrpofe 
falt-petre ;) or elfe, that thefe aerial falts, if I 
may fo call them, affifted by the moifture of 
the air, do foften and-open, and almoft cor- 
rode or diffolve the more terreftrial fubftance 
of thefe wombs, and thereby follicit out and 
fomewhat extricate the latent faline particles, 
and, by their union with them, compofe 
thofe emerging bodies, that refemble vitriol, 
allum, &c. 

But not only to fuggeft thefe {cruples, as 
if I had a mind they fhould but trouble you, 
and keep you irrefolute, I fhall propound fome- 
thing towards the removal of them; namely, 
that a convenient quantity of nitrous earth, or 
that other of thofe fubftances, which you would 
examine, be kept.in a clofe veffel to which 
the air has not accefs, for at leaft as long time 
as has been obferved to be fufficient to impreg- 
nate the like fubftance, or rather a portion of 
the fame parcel, that was chofen to be in- 
cluded: for if the body, that was kept clofe, 
have either gained no falt all, or very much 
lefs in proportion to its bulk than that, which 
was kept expofed, we may thence eftimate, 
what is to be afcribed to the air m the pro- 
duction of nitre or other faline concretions. 
And, becaufe 1 have obferved none of thefe 
bodies, that would fo foon, and fo manifeftly 
even to the eye, difclofe a faline fubftance, as 
the blackifh vitriol-ore, I lately told you I 
kept in a drawer of my cabinet; I judged, that 
a very fit fubject, wherewith to try, what ma- 
turation, or time, when the air, was fecluded, 
would perform towards the deciding of our 
difficulty ; and accordingly having taken fome 
fragments of it, which we had carefully freed 
from the adhering vitriolate efflorefcence, by. 
whofe plenty we are affured, that it was very 
well difpofed to be wrought on by the air, we 
put of thefe fragments of differing fizes into. 
two conveniently: fhaped glaffes, which being” 
hermetically fealed were ordered to be carried 
away, and kept in fixed places; by which 
means it was expected, that, even without 
opening the glaffes, we fhould be able eafily to: 
fee by the changed colour of the fuperficial 
parts,. whether any vitnolate effore{cence were 


produced; but, through the negligence or 
miftake of thofe, to whom the care was 
recommended, the experiment was never 
brought to an iffue; and though I afterwards 
got more.of the mineral, and made a fecond 
trial of the fame, I have not yet been in- 
formed of the event. 

But, Sir, though, until the fuccefs of fome 
trial be known, 1 dare not too confidently 
pronounce about the production or regene- 
ration of falts in bodies, that have been robbed 
of them, and afcribe it wholly to the air ; yet, 
when I confider the feveral and great effects of 
the air upon divers other bodies, I think it not, 
rafh to conjecture, in the mean time, that the 
operations of the air may have a confiderable 
fhare in thefe phenomena, and fo that there 
may be latent qualities in the air, in the fenfe 
I declared above, where I told you, that when 
I fpeak of thefe qualities, I look upon them iz 
concreto, (as they phrafe it,) together with 
the fubftances or corporeal effluvia they refide 
in: and of thefe aerial qualities, taken in this 
fenfe, I -fhall now proceed to mention fome 
other inftances. 

THE difficulty we find of keeping flame and 
fire alive, though but for a little time, without 
air, makes me fometimes prone to: fufpect, 
that there may be difperfed through the reft of 
the atmofphere fome odd fubftance, either of 
a folar, or aftral, or fome other exotic nature, 
on whofe account the air is fo neceffary to the 
fubfiftence of flame; which neceffity I have 
found to be greater, and lefs dependent upon 
the manifeft attributes of the air, than natu- 
ralifts feem to have obferved. For I have 
found by trials purpofely made, that a {mall 
flame of a lamp, though fed perhaps with a 
fubtil thin oyl, would in a large capacious 
glafs-receiver expire, for want of air, in a far 
lefs time than one would believe. And it will 
not much leffen the difficulty to alledge, that 
either the grofs fuliginous {moak did in a clofe 
veffel {tile the flame, or, that the preffure of 
the air is requifite to impel up the aliment into 
the wieck : for, to obviate thefe objections, I 
have in a larger receiver imployed a very {mall 
wieck with fuch rectified fpirit of wine, as 
would in the free air burn totally away; and 
yet, when a very-{mall lamp, furnifhed (as I 
was faying) with a very flender wieck, was 
made to burn, and, filled with this liquor, was 
put lighted into a large receiver, that little 
flame, though it emitted no vilible fmoalk at 
all, would ufually expire within about one mi- 
nute of an hour, and, not feldom, in a lefs 
time.; and this, though the wieck was not fo 
much as finged by the flame: nor indeed is a 
wieck neceffary for the experiment, fince 
highly: rectified f{pirit of wine will in the free 
air flame away well without it. And indeed 
it feems to deferve our wonder, what that 
fhould be in the air, which enabling it to keep 
flame alive, does yet, by being confumed or 
depraved, fo fuddenly render the air unfit to 
make flame fubfift. And it feems by the fud- 
den wafting or fpoiling of this fine fubject, 
whatever it be, that the bulk of it is but very 
fiaall in proportion to the air it ee 
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with its virtue. For after the extinGion of 
the flame, the air in the receiver was not vifj- 
bly altered, and, for aught I coyld perceive 
by the ways of judging I had then at hand, 
the air retained either all, or at Jeaft far the 
oreatelt part of its elalticity, which I take 
_to be its moft genuine and diitinguifhing pro- 
erty. 

‘Aw D this uadeffroyed {pringinefs of the air 
feerris to male the neceffity of frefh air to the 
life-of hot animals, (few of which, as far as I 
can guefs after many trials, would be able to 
lve two minutes of an hour, rf they were to- 
tally and all at once deprived of air,) fuggeft a 
great fufpicion of fome vital fubftance, if 1 may 
fo call it, diffufed through the air, whether it 
be a volatile nitre, or (rather) fome yet anoni- 
mous fubftance, fydereal or fubterraneal, but 
not improbable of kin to that, which I lately 
noted to be fo neceffary to the maintenance of 
other flames. 

I know not, whether you -will think it per- 
tinent to our prefent difcourfe, that I obferve 
to you, that by keeping pytrifying bodies an 
slaffes, which by Hegmes his feal were fecured 
from the contact of the external air, I have not 
been able to produce any infect, or other diving: 
creature, though fometimes I have kept anj- 
mal fubftances, and even blood fo included, for 
many months, and one or two gf them fora 
donger time; and though all thefe fubftances 
had a manifeft change made in their -confiftence 
whilft they remained fealed up. 

On this oceafion I fhall add an odd obfer- 
vation, that I met with in a little differtatign 
de adinirandis Hlungarze aquis, written by an 
' anonymous, but ,ingenious nobleman of that 
“country, where, {peaking of the native falt, 
that abounds in their regions, he fays, that in 
the chief mine (by them called -Deffenfis.) of 
‘Tranfylvania, there was, a few years before he 
writ, a great oak, like a huge beam, dug ont 
of the middle of the falt; byt, thoygh it was 
fo hard, that it would not eafily be wrought 
upon by iron tools, yet being expofed to the 
air out of the mine, it became fo rotten, as he 
expreffes it, that in four days it was eafy to be 
broken, and crumbled between one’s fingers. 
And of that corruptive. or diffolutive power of 
air near thofe mines, the fame author mentions 
other inftances. 

FTavine found an antimonial preparation 
to procure vomits, ina cafe where J did not.at 
all expect it, 1 was afterwards curious to en- 
quire of fome -phyficians, and chymifts, that 
were of my acquaintance, whether they had 
not taken notice, that Antimonium Diaphoreti- 
cum, which, as its name imports, is wont to 
work by {weat.or tranfpiration, would not be- 


come vomitive, if it were not kept from the.., 


air? To which one phyfician, that was a learn- 
ed man, affured me, it would, as he had found 


by particular trials: and the like anfwer has 


been given me by more than one. And I find, 
that the experienced Zwelfer himfelf does fome- 


where give a caution againft letting the air- 


_ have accefs to, thefe antimonjal medicines, left 
‘it fhould render them, as he fays it will, in 
tract of time, not only emetic, but difpofed to 


produce heart-burning’s, (as they call them,) 
faintings, and other bad fymptoms. And I 
learned by enquiry, from a veryingenious door 
of phyfic, that, having carefully prepared An- 
timonium Diaphoreticum, he gave many dofes 
whulft it was frefh and kept ftgpped ia a glals, 
(without finding, that in any patient it procured 
fo much as one -vomit,) but haying kepr a 
parcel af the felffame remedy fer a pretty 
while in a glafs only covered Joofely with a pa- 
per, the medicine, vitiated py the air, proved 
emetic (ftrongly enough) to thoft, who neither 
by conftitution, or foulnefs of ftomach, or on 
any .other difcernible accoynt, were more than 
others, that had taken it difpofed to vomit. By 
which obfervations, and from what I formerly 
tald you of the falt-petre obtainable from 
quick-lime, a man partial to the air would be 
made. forward to tell -you, that this looks, as 
if either there were in the air a fubftance dif 
pofed to be affimilated by all kinds of bodies, 
or that the air is {9 vaft.and sich a rendezvouz 
of innumerable femjinal cospuicles, and other 
analogows particles, that almoft any body Jong 


expofed to it may there meet with particles of 


kin to jt, and fit to sepair its wrongs and loffés, 
and xeftore it to its natural candition. But 
without taking any further notice of this odd 
furmize, I -will proceed to mention two or 
three other phaanomena of -natyre, that feem 
to favour the fufpicion, that there may be (e- 
Cret qualities in the air, in reference to fame 
hedies. 

THE ingenious Monfieur de Recheford, in 
the handfome accqunt he gives of the apple, 
or fruit af the tree junipa, whofe juice is em- 
ployed by the [ndigns to-black their fins, that 
they may logk the more terrible to their ene- 
nues, obferves, that, though the ftajn, or, as 
he fpeaks, the tincture of this frpit cannot be 
wathed out with doap, -yet, within nine or ten 
days, it will vanifh of itfelf; which would 
make one {yfpeét, that there may be in the 
air fome fecret powerful {ubftance, that makes 
ita menftryum of more efficacy than foap it- 
felf to obliterate ftains JI remember, I have 
feen this fruit, byt not whilft it was fucculent 
enongh to, have a trial made with it; which 4 
was:therefore troubled at, becaufe the author 
does not clearly exprefs, whether this difap- 
pearing of the tincture happens indifferently 
to the bodies it chances to ftain, or only is 
obferved on the fkins ef men. For, as in the 
former cafe, it will afford an, inftance pertinent 
to our prefent purpofe ; fo in the latter I fhould 
fufpect, that the vyanifhing of the tin¢éture may 
be due, not fo much to the operation pf the 
air upon it, as to the fweat and exhalations of 
a human body, which abounding with volatile 
falt, may. either deftroy or carry off with them, 
the coloured parti¢les they meet with in their 
paffages. 

I have fometimes, not altogether without 
wonder, obferved the excellency of the bet- 
ter fort of Damafco-fteel, (for I fpealx not of 
all that goes under that name,) in comparifon 
of ordinary fteel. And, belides what I have 
elfewhere taken notice of concerning it, there 
is one phenomenon, which though I am ae 
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fure it belongs to the latent qualities of the 
air, yet, becaufe it may well do fo, and I 
am unwilling it fhould be loft, I will here 
tell you, that having enquired of an eminent 
and experienced artificer, (whom I long fince 
employed in fome difficult experiments,) about 
the properties of Damafco-fteel, this honeft 
and fober man averred to me, that when he 
made inftruments of it, and gave them the 


‘true temper, which is fomewhat differing from 


that of other fteel, he generally obferved, that 


‘though, when rafors or other inftruments made 


of it were newly forged, they would be fome- 
times no whit better, and fometimes lefs good, 
than thofe made of other fteel; yet when they 
had been kept a year or two or three in the air, 
though nothing elfe were done to improve 
them, they would be found much to furpafs o- 
ther inftruments of the fame kind, and what 
themfelves were before ; in fo much, that fome 
of them have been laid afide at firft, as no way 
anfwering the great expectation conceived of 


‘them, which after two or three years were 
‘found to furpafs it; of which alfo I am now 


makinga trial. J have feveral times made a 
fubftance, that confifts chiefly of a metalline 
body, and is of a texture clofe enough to lie for 
many hours undiffolved in a corrofive men- 
ftruum ; and yet this fubftance, that was fixed 
enough to endure the being melted by the fire 
without lofing its colour, would, when I had 
purpofely expofed it to the air, be difcoloured 
In a very fhort time, and have its fuperficial 
parts turned almoft black. 

An this brings into my mind that very pret- 


‘ty obfervation, that has been newly made in 


Italy by an ingenious man, who took notice, 
that, if after the opening of a vein, the blood 
be kept till it be concreted, and have excluded 
the fuperficial ferum, though the lower part 
be ufually of a dark and blackifh colour, in 
comparifon of the fuperficial parts, and there- 
fore be counted far more feculent; yet, if the 
lump, or clot of blood be broken, and the in- 
ternal, and dark coloured parts of the blood 
be expofed to the air, it will after a time (for 
it is not faid how long) be wrought on by the 
contact of the air, that the fuperficial part of 
the blood will appear as florid, as the lately 


‘mentioned upper part (fuppofed to be, as it 


were, the flower of the blood,) did feem be- 
fore. And this obfervation I found to hold 
in the blood of fome beafts, whereon I tried 


at, in which I found it to fucceed in much 


fewer minutes, than the Italian virtuofo’s ex- 
periment on human blood would make me 
expect. 

Ow the other fide I have often prepared a 


‘fubftance, whofe effect appears quite contrary 


to this. For, though this faétitious concrete, 


“whilft kept to the fire, or very carefully pre- 


ferved from the air, be of ared colour, almoft 


‘hike the common opacous bloodftoné of the 


fhops ; yet, if I broke it, and left the lumps, 
or fragments of it, a little while in the air, it 
would in a ‘fhort time (fometimes perhaps, 


‘not amounting to a quarter of an hour) it 


would, I fay, have its fuperficial part turned 


of adark colour, very little, and fometimes 
{carce at all, fhort of blacknefs. 

A very inquifitive pérfon of my acquain- 
tance, having occafion to make, by duttilla- 
tion, a medicine of his own devifing, chanced 
to obferve this odd property in it, that, at that 
time of the year, if it were kept ftopped, it 
would be coagulated almoft like oil of anni- 
feeds in cold weather ; yet, if the {topple were 
taken out, and fo accefs were for a while given 
to the air, it would turn to a liquor, and the 
veffel being again ftopped, it would, though 
more flowly, recoagulate. The hints, that I 
gueffed, might be given by fuch a phenome- 
non, making me defirous to know fomething 
of it more than barely by relation, I expreffed 
rather a curiofity than diffidence about it; and 
the maker of it telling me, he thought, he 
had in a {mall vial about a fpoonful of this me- 
dicine left in a neighbouring chamber, J de- 
fired his leave to confider it myfelf, which re- 
queft being prefently complied with, I found 
it, when he brought it into the room which 
I ftayed in, not liquid but confiftent, though 
of but a flight and foft contexture. And 
having taken out the cork, and fet the vial in 
a window, which (if I well remember) was 
open, though the feafon, which was winter, 
was cold, yet in a little time, that I ftayed 
talking with the chemift, I found, that the 
fo lately coagulated fubftance was almoft all 
become fluid. And another time, when the 
feafon was lefs cold, having occafion to be 
where the vial was kept well ftopped, and caft- 
ing my eyes on it, I perceived the included fub- 
{tance to be coagulated much Jike oil of anni- 
feeds. And this fubftance having, as the ma- 
ker affured me, nothing at al! of mineral in it, 
nor any chemical falt, it confifting only of two 
fimple bodies, the one of a vegetable, and the 
other of an animal fubftance, diftilled together, 
I fcarce doubt but you will think with me, that 
thefe contrary operations of the air, which 
feems to have a power in fome circumftances 
to coagulate fuch a body, and yet to diffolve 
and make it fluid, when frefh and frefh parts 
are allowed accefs to it, may deferve to be fur- 
ther reflected on, in reference (among other 
things) to the opportune operations, the in- 
{pired air may have on the confiftence and mo- 
tion of the circulating blood, and to the dif- 
charge of the fuliginous recrements to be fe- 
parated from the blood in its paffage through 
the lungs. 

THERE are two other phenomena, that 
feémed favourable to our fufpicion, that there 
are anonymous fubftances and qualities in the 
air, which ought not to be altogether preeter- 
mitted on this occafion ; though, becaufe to 
fpeak fully of them would require far more 
time than I can now fpare, I fhall fpeak of 
them but fuccinétly. 

THe latter of thefe two phenomena is the 
growth or appearing production of metals or 


minerals dug out of the earth, and expofed 


to the air. And this, though it be the 
Jaft of the two, I mention firft, becaufe it 
feems expedient, left it fhould prove too long 
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an interruption to our difcourfe, to poftponeé 
the obfervations, and annex them to the end 
of this paper; only intimating to you now, 
that the caution I formerly -interpofed about 
the regeneration of falts im nitrous, and other 
earths, may, for greater fecurity, be applied, 
mutatis mutandis, to that produétion of mefal- 
line and mineral bodies we are {peaking of. 
Tre other of the two phenomena, I lately 
promifed to mention, is afforded me by thofe 
various and odd difeafes, that at forhe times, 
and in fome places, happen to invade, and de- 
ftroy numbers of beafts, fometimes of one 
particular kind, and fometimes of another. 
Of this we have many inftances in the books 
of approved authors, both phyficians and 
others ; and I have myfelf obferved tome no« 
table exarnples of it. But yet I fhould not 
menhtioti it as a ground of fufpicion, that there 
ttiay be, in fome times and places, unknown 
effluvia and powers in the air, but, that I dif- 
tineuifh thefe from thofe difeafes of animals, 
_ that proceed, as the rot in fheep often does, 
from the exorbitaticy of the feafons, the im- 
moderatenefs of cold, heat, or ariy other ma- 
nifeft quality in the air. And you will eafily 
perceive, that fome of thefe examples proba- 
bly argue, that the fubterraneal parts do fome- 
times (efpecidlly after earthquakes, or unufual 
cleavines of the ground) fend up into the air 
peculiar kinds of venomous exhalations, that 
produce new and mortal difeafes in animals of 
fuch a {pecies, and not in thofe of another, 
and in this or that particular place, ahd not 
elfewhere: of which wé lave an eminént in= 
ftance in that odd plapue or murtaih of the 
year 1514, which, Feruéliss tells us, irivaded 
fone but cats. And even in animals of the 
fame fpecies, fometimes one fort have been 
incomparably more obnoxious td the plague 
than another; as Diomyflus Halicarnaffeus 
inentions a plague, that attacked none but 
inaids ; whereas, the peftilence, that raged tiv 
the time of Gentilis a famed phyfician, killed 
few worheh, and fcarce any but lufty mén- 
And fo Boterus mentions 4 great plague, that 
affualted alrnoft only the yotinget fort of per 
fons, few paft thirty years of age being at- 
tacked by it: which laft obfervation has been 
alfo made by feveral latet phyficiahs. To 
which may be ddded, what learhed men of that 
faculty Have noted at fevéral ttmes concetnirig 
plagues, that particularly invaded thofe of this 
ér that tration; though confufedly mingled 
with other pedple; as Carddn, fpéaks of 2 
plague ar Bafl, with which only the Switzers, 
and not: the Italians, Frénch,- or Gertnatis, 
were infectdd. And Y¥obanmes Utenbovius 
takes notice of a cruel plague at Copenhagen, 


which, though it ragéd among the Daries,. 


fpared both the Englifh, Dutch, and Germans, 
though they freely entered infected houfes, 
and were not careful to fhun the fick. In re- 
citing of which inftances I would not be un- 
derftood, as if I imputed thefe effects merely 
to noxious fubterraneal fumes; for I am far 
ffom denying, that the peculiar conftitutions 
of men’s bodies are likely to have a great in- 
tereft in them: but yet it feems lefs probable, 
Vor. Il. | 


that the peftilent venom diffufed through the 
air fhould owe its énormous ahd fatal efficacy 


to the excefs of the manifeft qualities of the 


air, than to the peculiar nature of the peftilen- 
tial poifon fent up- into the air from under- 
ground, which when it is by dilution or difi- 
pation enervated, or by its ptogrefs paft be- 
yond the air we breathe in, or rendered inef- 
fectual by fubterraneal, or other corpuftles, of 
a contrary quality, the plague, which it, as a 
con-caufe, produced, either quite ceafes, or de- 
generates into fomewhat elfe. But I have not 
time to countenance this conjecture, much lef 
to confider, whether fome of thofe difeafes, 
that are wont to be called new, which either 
did begin to appear, or at leaft to be rife, with- 
in thefe two or three centuries, as the Sudor 
Anglicus in the fifteenth century, the fcurvy, 
and the Morbus Hungaricus, the Lues Moraviez, 
Novus Morbus Luneburgenjis, and fome others, 
in the laft century of all, may be in part 
caufed by the exotic {teams this difcourfe treats 
of. But this confideration I willingly refign to 
phyficians. 

Awp how, if the two forementioned fufpi 
tions, the one about fubterraneal, the othet 
about fidereal, effluviums, fhall prove to bé 
well grounded, they may lead us to other fufpi- 
cions and further thoughts about things of no 
miéan confequence ; three of which I fhall ven- 
ttire to make mention of in this place. 

' J, For wé may hence be awakened to con- 
fider, whether divers changes of temperatuté 
and conftitution in the air, not only ds to ma- 
nifeft qualities, but as to the more laterit ones, 
thay fot fometimes im part, if not chiefly, bed 
derived from the paticity Or plenty, and pecu: 
liar nattire of one or both of thefe forts of efflu- 
Viums. And in particular, we fird in the moft 
approved writers fuch ftrdnge phenomena td 
have fevetal tines happened in great plagues 
and contagious difeafes, fomented atid com: 
municated, nay (as many éminent phyficians 
bélieved) bégun, by fomie latérit peftiferous, or 
other malignant, diathefis or conftitution of 
thé air,. as have obliged many of the learnedeft 
of thétfi té have tecoitfe to the inimiediace 
Operation of the angels, of of the powet 
and wtath of God himfelf, ot at leaft td 
fome undccountable influence of the ftars; 
noné of the folutions of which difficulties {eer 
preferable to what may be gathetéd froitt 
our conjecture ; fince of phyfical agents, of 
which we Know nothing fo niuch, as that 
they are to us invifible and probably of a2 hete= 
roelite fature, it nédd bé no gréat wonder, 
that the Gpetation fhould dlfo be abftrufe, and 
the effeéts uhcomrhon. And ort this occafion it 
fnay be confidered, that theré are cledter inducé- 


“ments to perfwade us, that aifother quality of 


the atmofphere, its gravity, may be altered 
by unfeen effuviums, afcending from the fub- 
terraneous regions of our globe ; and we have 
often perceived by the mercurial barofcope the 
weight of the air to be notably encreafed, when 
we could not perceive in the air, nor furface of 
earth, any caufe, to which we could afcribe fo 
notable a change. And this gives me a rife to 
add, that I have fometimes allowed myfelf to 

D doubt, 


469 


47° 


SUSPICIONS, Sr. 


doubt, whether even the fun itfelf may not now 
and then alter the gravity of the atmofphere 
otherwife than by its beams of heat.. And I 
remember, I defired fome virtuofi of my ac- 
quaintance to affift me in the enquiry, whether 
any of the fpots, that appear about the fun, 
may not, upon their fudden diffolution, have 
fome of their difcuffed and difperfed matter 
thrown off, as far as to our atmofphere, and, 
that copioufly enough to produce fome {fenfibly 
alterations init, at leaft as to gravity. 

IJ. Anoruer thing, that our two fore- 
mentioned fufpicions, if allowed of, will fug- 
geft, is, that it may not feem altogether im- 
probable, that fome bodies, we are converfant 
with, may have a peculiar difpofition and fit- 
nefs to be wrought on by, or to be affociated 
with, fome of thofe exotic effluvia, that are 
emitted by unknown bodies lodged under 
ground, or that proceed from this or that 
planet. For what we call fympathies and anti- 
pathies depending indeed on the peculiar tex- 
tures and other modifications of the bodies, 
between whom thefe friendfhips and _holftilities 
are faid to be exercifed, I fee not, why it fhould 
be impoffible, that there be a cognation be- 
twixt a body of a congrnous or convenient 
texture, (efpecially as to the fhape and fize of 
its pores,) and the efHuviums of any other 
body, whether fubterraneal, or fidereal. We 
fee, that convex burning -glaffes, by virtue of 
their figure and the difpofition of their pores, 
are fitted to be pervaded by the beams of light 
and to refract them, and thereby to kindle 
combuftible matter; and the fame beams of 
the fun will impart a lucidnefs to the Bolonian 
{tone. And as for fubterraneal bodies, I elfe- 
where * mention two minerals, which being 
prepared, (as I there intimate,) the fteams of 
the one, afcending without adventitious heat, 
and wandering through the air, will not fenfi- 
bly work on other bodies; but if they meet 
with that, which we prepared, they will im- 
mediately have an operation on it, whofe effect 
will be both manifeft and lafting. 

III. I now pafs on to the other thing, that 
the two formerly mentioned fufpicions may 
fuggeft, which is, that if they be granted to 
be well founded, we may be allowed to con- 
fider, whether among the bodies we are ac- 
quainted with here below, there may not be 
found fome, that may be receptacles, if not 
alfo attraétrves, of the fidereal, and other 
exotic effuviums, that rove up and down in 
our air. 

Some of the myfterious writers about the 
philofophers-ftone fpeak great things of the 
excellency of what they call their philofophical 
magnet, which, they feem to fay, attracts 


and (in their phrafe) corporifies the univerfal 
{pirit, or (as fome fpeak) the fpint of the 
world. But thefe things being abftrufities, 
which the writers of them profeffed to be writ- 
ten for, and to be underftood only by the 
fons of art; I, who freely acknowledged I 
cannot clearly apprehend them, fhall leave 
them in their own worth as I found them, and 
only, for brevity fake, make ufe of the re- 
ceived word of a magnet, which I may do in 
my own fenfe, without avowing the received 
doctrine of attraction, For by fuch a magnet 
as I here propofe to {peak of, I mean not a 
body, that can properly attract our foreign 
effuviums ; but fuch an one, as is fitted to 
detain and join with them, when by virtue of 
the various motions, that belong to the air as 
a fluid, they happened to accoft the magnet. 
Which may be illaftrated by the known way 
of making oil of tartar (as the chemitts call it) 
per deliquum. For, though the fpagyrifts 
and others fuppofe, that the fiery falts draw to 
it the aqueous vapours, yet indeed it does but 
arreft, and embody with fuch of thofe, that 
wander through the air, as chance in their 
paffage to accoft it. 

AnD, without receding from the Corpuf- 
cularian principles, we may allow fome of the: 
bodies, we fpeak of, a greater refemblance to 
magnets, than what I have been mentioning, 
For not only fuch a magnet may upon the bare 
account of adhefion by juxta-pofition, or con- 
tact, detain the effuviums, that would glide 
along it, but thefe may be the more firmly 
arrefted by a kind of precipitating faculty, 
that the magnet may have in reference to fuch 
effuviums ; which, if I had time, I could il- 
luftrate by fome inftances; nay, I dare not 
deny it to be poffible, but, that in fome cjr- 
cumftances of time, or place, one of our 
magnets may, as it were, fetch in fuch fteams, 
as would indeed pafs near it, but would not 
otherwife come to touch it. On which occa- 
fion | remember, I have in certain cafes been 
able to make fome bodies, not all of them 
electrical, attraét (as they fpeak) without be- 
ing excited by rubbing, &c. far lefs light 
bodies, than the effluviums we are fpeak- 
ing of. il} 

But this it may fuffice to have glanced at, 
it not being here my purpofe to meddle with 
the myftical theories of the chemufts ; but ra- 
ther to intimate, that, without adopting, or 
rejecting them, one may difcourfe like a na- 
turalift about magnets of celeftial, and other 
emanations, that appear not to have been con- 
fidered, not to fay thought of, either by 
the fcholaftick, or even the mechanical phi- 
lofophers. 


* See the Experiment in the difcourfe of the Determinate Nature of Effuviums. 
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F now, upon what I have granted in the 
| clofe of the paft difcourfe, you fhould urge 
the queftion further, and prefs me to de- 
clare, whether, as I think it no impoffible 
thing, that nature fhould make, fo I think it 
no unpracticable or hopelefs thing, that men 
fhould find, or art fhould prepare, ufeful mag- 
nets of the exotic effuviums of the lower re- 
gion of the earth, or the upper of the world : 
it would much diftrefs me to give any other 
anfwer, than that I think it extremely difficult, 
and not abfolutely impoffible; and therefore I 
would not difcourage any curious or induftri- 
ous man from attempting to fatisfy himfelf by 
experiments, becaufe even a feemingly flight 
difcovery in a thing of this nature may be of 
no fmall ufe in the inveftigation of the nature 
of the air, efpecially in fome particular places, 
and of the correfpondency, which, by the in- 
tervention of the air, the fuperficial part of the 
terreftrial globe may have both with the fub- 
terraneal regions of the earth, and the celeftial 
ones of the univerfe. Some of the things I 
have tried or feen relating to this difcovery, I 
muft, for certain reafons, leave here unmen- 
tioned ; and only advertife you, that feveral bo- 
dies, which experience has affured us do 1m- 
bibe or retain fomething from the air, as fome 
calcined minerals, fome marchafites, fome falts, 
as well factitious as natural, &c. may be fit to 
be often expofed to it, and then weighed again, 
and further diligently examined, whether that, 
which makes the increment of weight, be a 
mere imbibed moifture, or alfo fomewhat elfe ; 
and likewife, whether it be feparable from the 
body or not, or however have endowed it with 
any confiderably quality; and if you chance to 
meet with a good magnet, you may then vary 
experiments with it, by expofing it long to the 
air in regions differing much in climate, or foil, 
or both, by expofing it by day only, or by 
night, at feveral feafons of the year, in feveral 
temperatures of the air, at feveral confiderable 
afpects of the ftars and pianets, by making it 
more or lefs frequently part with what it has 
gained from the air; and in fhort, by having 
regard to variety of circumftances, which your 
curiofity and fagacity may fuggeft. For, by 
thus diverfifying the experiment many ways, 
you may perhaps, by one or other of them, 
make fome unexpected and yet important dif- 
covery of what effluviums the air, in particular 
places and times, abounds with, or wants, and 
‘perchance too, of fome correfpondency be- 
tween the terreftrial and etherial globes of the 
world. 


N E T S. 


I fhall neither be furprized, nor quarrel with 
you, if you tell me, that thefe are extravagant 
thoughts; but if I had been fortunate in pre- 
ferving all, that trial, obfervation, or other 
productions of fome curiofity, I once had for 
fuch enquiries, procured me, you would not, 
perhaps, think me fo very extravagant. But 
though I muft not here make any further men- 
tion of them, and fhall only take notice of one 
body, namely vitriol, whether crude, or un- 
ripe, and (as chemifts fpeak) embrionated, or 
{pagyrically prepared; yet fome phznomena 
of thefe vitriolate fubftances may for the pre- 
fent, I hope, fomewhat moderate your cenfure 
for my putting you upon obfervations, that I 
fear you yourfelf will judge unpromifing, and 
lefs favourable perfons, than you would chink 
pnantaftical. And to let you fee by a preg- 
nant inftance, that the air may not only have a 
notable operation upon vitriol, and that, after 
a {trong fire could work no farther on it, but 
that this operation was confiderably diverfified 
by circumftances; I fhall begin what I have to 
alledge, with what the experienced Zwelfer oc- 
cafionally obferved, and relates to ufher in a 
caution about a chemical preparation of vitriol: 
For, having informed his reader, that the col- 
cothar, that is made by a ftrong diftillation, is 
not corrofive, he denies, that (to ufe his own 
words) /tatim 4 diftillatione fal ex eodem, af- 
fusd aqud, elici queat, fed tum prius, (con- 
tinues he,) #57 aliquandiu aeri expofitum fuerit ; 
tunc enim fal praebet quandoque candidum, quan- 
doque purpureum, afpetiu pulcherrimum, quod 
aliquando in copia acquifivi, (F penes me affervo, 
quandoque eliam nitrofum. 

Wuicu teftimony of this candid {pagyrift 
has much the more weight with me, becaufe J 
find, what he affirms of the faltlefnefs of new- 
ly and ftrongly calcined vitriol to be very agree- 
able to fome of my experiments about colcothat 
of blue (venereal) vitriol ; which falt or mine- 
ral (I mean vitriol) is fo odd a concrete, that 
I have thought fit more than once to recom- 
mend the making experiments about it to f{e- 
veral curious perfons, that had better oppor- 
tunity to continue them than I, whofe refi- 
dence was not fo fixed. AndI remember, that 
one of thefe, a perfon induftrious and verfed in 
chemical opérations, gave me this account, that 
not only he had differing kinds of falts from 
colcothar expofed to the air for many months, 
and robbed at convenient times of what it had 


acquired, but that in tract of time he found it. 


fo altered, that he obtained from it a pretty 
quantity of true running mercury. 
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ANnp now, to refume and conclude what I 
was faying about colcothar, there are two or 
three things I would propofe to be obferved by 
you, or any virtuofo, that would affift me in 
thefe trials about this odd calcinatum, (for to 
call it terra damnate were to injure it.) 

Tue firft is, to take notice of fome circum- 
ftances, that moft obfervers would overlook; 
fuch as (befides thenature of the foil) the tem- 
perature of the air, the month of the year, and 
the winds, the weight of the atmofphere, the 
fpots of the fun, if any be, the moon’s age, 
and her place in the Zodiac, and the principal 
afpects of thé planets, and the other chief ftars. 
For, though it .be a boldnefs to affirm, that 
any, or perhaps all of thefe together, will have 


‘any intéreft in the produétion of the falt or- 


other fubftance, to be made or difclofed in the 
colcothar; yet in things new and exorbitant, it 
may be fometimes rafh and peremptory to de- 
ny, even fuch things as cannot, without rafh- 
nefs, be pofitively afferted; and in our cafe, 
the fmall trouble of taking notice of citcum- 
ftances will be richly paid by the leaft difcovery 
made in things fo abftrufe and confiderable. 
‘And as we cannot yet knowingly pronounce, 
fo much as negatively, whether the libration 
of the moon, and the motion of the fun (and 
perhaps of fome of the other planets) about 
their own centers, and confequertly their- ob- 
verting feveral parts of their bodies to us, may 
have an operation upon our atmhofphere; fo, 
for aught I kriow, there may be in thofe vaft 
internal parts of the earth, whofe thin cruft 
only has beer here and there dug into by men, 
confiderable maffes of matter, that may have pe- 
riodical revolutions, or accenfions, or euftations, 
or fermentations, or, infhort, fome other notable 
commotions, whofe effluvia and effects may 
have operations, yet unobferved, on the at- 
mofphere, and on fome particular bodies ex- 
pofed to it; though thefe periods may be per- 
haps either altogether. irregular, or have fome 


kind of régularity differing from what one 


would expect. As we fee, that the fea has 
thofe grand intumeftenciés, we call {pring tides, 
not evety day, nor at any conftant day of the 
month of wéek, but about the full and new 
moon ; and thefe {pring tides are moft notably 
heightened, not evéry month, buf twice a year, 
at or about the vernal and autumnal equinoxes ; 
which obfervations have not been near fo an- 
cient'and Known, as the daily ebbing and flow- 
ing of the fea. The Etefians of the ancients I 
fhall not nowinfift on, nor the obfervations, that 
¥ think I elfewhere mentioned of the elder inha- 
bitants of the Caribbee-iflands, who, when the 


Europeans firftreforted thither, were wont tohave. 


hurricanes butonce in feven years ; afterwards 
they were rolefted with them but once in three 
years; and of late they dre troubled with them 
almoft every year. And aphyfician, that lived 
there, told me, that he had fearce ever obferved 
them to come but within the compafs of two 
months joining to one another. In which inftan- 


ces, and divers others, that may be noted of what 


changes happened to great quantities of matter, 
-< 7 e e 7. 
nature feems to affect fomething of periodical, 
but not in a way, that appears too regular. ~ 


Of CELESTIAL and AERIAL MacGnerts. 


One may add on this occafion, that memo- 
rable paffage related by the learned Varenius* of 
thofe hot fprings in Germany, that he calls 
Therme Piperine, of which he affirms in more 
than one place, that they have this pecu- 


- arity, that they annually begin and ¢eafe to 


flow at certain times; the former about 
the third of May, and the latter near the 
middle of September, at which time they are 
wont to reft till the following fpring. But 
though, for aught I know, our geographer’s 
obfervation will hold in hot fpring ; yet it muft 
not be extended to all, at leaft, if we admit 


that, which is related by the accurate Fobaunes Amer, lid. 
de Laet, (1 fuppofe out of Ximenes, or the V-cap. 7. 
famous conqueror of Adexico, Cortes,) who 


tells us, that in the Mexican province, Xilote- 
pec fons celebratur, qui quatuor continuis annis 
fcaturit, deinde quatuor fequentibus deficit, & 
rurfus ad priorem modum erumpit, &9, quod mi- 
rabile, pluviis diebus, parciis, quum fudum eft 
tempus ES ariduin, copiofins, exuberat. 

But this is not a place to enlarge upon the 
grounds of my fufpecting, there may be. fome 
periodical motions and commotions within the 
terreftrial globe ; what has been mentioned be- 
ing only to invite you to take notice of circum- 
{tances in your obfervations of. colcothar, fome 
of which may, with the more fhew of proba- 
bility, be kept expofed for a long time, be- 
caufe that bars of windows, and other ereéted 
irons, I have found to acquire, in tract of time, 
from the effluvia of the earth, a fettled mag- 
netifm. | 

Tue other main thing I would recommend, 
is, that notice-be taken not only of the kind of 
vitriol, the colcothar is made of ; (for I gene- 
rally ufed blue Dantzick vitriol) -as martial vi- 
triol, Hungarian vitriol, Roman vitriol, &c. 
to which I have, for curiofity, added vitriol 
made by ourfelves of the folution of the more 
faline parts of marchafites in water, without 
the uftial additament of iron, or copper; but 
alfo, to what degree the calcination is made, 
and how far the calcined matter is freed from 
the falt by water. For thefe circumftances, at 
leaft in fome places, may be of moment, and 
perhaps may afford us good hints of the con- 
ftitution of the atmofphere in particular parts, 
as well as of the beft preparation of colcethar 
for detaining the exotic effyviums. And I 
would the rather have experiments tried again 
m other places with colcothar not calcined to 
the utmioft, nor yet fo exquifitely edulcorated, 
but that fome faline particles. fhould be left in it 
for future encreafé ; becaufe I have more than 
once alors tried in vain, that the Caput 
Mortuum of blue vitriol, whereof the oil and 
other parts had been driven off with a violent 
and lafting fire, would’ not, when frefh, im- 
part any faltnefs to the water ; nor do I think, 
that out of fome ounces purpofely edulcorated 
F obtained one grain of falt. And this falelefs 
colcothar being expofed, fome by me, and 
fome by a friend, that had conveniency in ane- 
ther place not far off, to the air, fome for ma- 
ny weeks and fome for divers mionths, we did 
not find it: to have manifeftly encreafed in 
weight, or to have acquired any fenfible falt- 

nefs, 


* Pavenius, lib. 1, Geograph, Univer{.Thermea omnes feré quas novimus fine ceffatione fluunt, exceptis Piperinis Germanie,<Se. 


the HIDDEN QUALITIES of the AIR. 


nefs, which, fuppofing the vitriol to have no- 
thing extraordinary, gave me the ftronger fuf- 
picion of fome peculianty in the air of that 
part of London, where the trials had been made, 
at leaft, during thofe times, wherein we made 
them; becaufe not only tormer experience, 
made here in England, had afiured me, that 
fome colcothars will gain no defpicable acceffion 
of weight by being expofed to the air ; but 
accidentally complaining of my lately mention- 
ed difappointment to an ingenious traveller, 
that had, in divers countries, been curious to 
examine their vitriols, he affured me, thar, 
though he ufually dulcified his colcothar very 
well, yet within four or five weeks he found it 
confiderably impregnated by the air it was ex- 
‘pofed to. 

Ir remains, that 1 add one intimation 
more about vitriol, whichis, that [have found 
it to have fo great a correfpondency with the 
air, that it would not be amifs to try, not only 
colcothar of differing vitriols (whether barely 
made the common way, or without any metal- 
line addition to the vitriol {tones or ore,) but 
other preparations of vitriol too, fuch as expo- 
fing vitriol, only calcined to whitenefs by the 
fun-beams, or further to an higher colour by a 
gentle heat, or throughly calcined, and then 
impregnated with a little of its own oil, For 
fuch vitriolate fubftances as thefe the air may 
work upon, nay even liquid preparations of vi- 
triol may be peculiarly affected by the air, and 
thereby perhaps be ufeful to difcover the prefent 
conftitution, or foretel fome approaching 
changes of it. Of the ufe of which con- 
jecture, namely the peculiar action of the air 
on fome vitriolate liquors, I remember I fhew- 
ed fome virtuofi a new inftance in an experi- 
ment, whereof this was the fum : 

{I elfewhere mention a compofition, that 1 
devifed, to make with fublimate, copper, and 
{pirit of falt, a liquor of a green exceeding 
lovely. But in the defcription of it I mention- 
ed not (having no need to do it there) a cir- 
cumftance as odd, as the liquor it felf was grate- 
ful. For the air has fo much intereft in the 
production of this green, that when you have 
made the folution of the copper and mercury 
with the fpirit of falt, that folution will not be 
green, nor fo much as greenifh, as long as you 
keep it ftopped in the bolt-head, or fuch like 
glafs, wherein it is made. But if you pour it 
Out into a vial, which, by not being ftopped, 
leaves it expofed to the air, it will after a while 
{ooner or later attain that delightful green, that 
fo much endears it to the beholder’s eye. This 
appeared fo odd an experiment to the virtuofi, 
to whom I frft related it, that thofe, that could 
not guefs by what means I attained it, could 
{carce believe it. But that troubled not me, 
who, to fatisfy myfelf not only of the truth of 
the experiment, but that it was not {9 contin- 


Vou, LI. 


gent as many others, repeated it feveral times, 
and found the folution, till the air made it florith, 
to be of a muday reddifh colour, quite differ- 
ing from green. So that I remember, that 
having once kept fome of the liquor in the 
fame glafs egg, wherein the fulution had been 
made, it looked lke very dirty water, whilft 
the other part of the fame folution, having 
been expofed to the air, emulated the colour of 
anemerald. In which change it is remarkable, 
that to clarify this liquor and give it a tranfpa- 
rent greenefs, I perceived not, that any preci- 
pitation of foul matter was made, to which the 
alteration could be afcribed ; and yet to make it 
the more probable, that this change proceeded 
not from a fubfidence made of fome opacating 
matter effected by fome days reft, I kept fome 
of the folution fealed up ina fine vial feveral 
months, without finding it at the end of that 
time other than a dark or muddy liquor, which 
in fhort time it ceafed to be, when, the her- 
metic feal being broken off, the air was per- 
mitted to work upon it. And this I further 
obferved in our various experiments on this 
liquor, that, according to the quality of the 
matter and other circumftances, the ereennefs 
was not attained to but at certain periods of 
time, now and then difclofing itlelf within 
two or three days, and fometimes not before 
nine or ten. ] 

W1TH how little confidence of fuccefs trials, 
that have the aims of thefe I have been fpeak- 
ing of, are to be attempted, not only confide- 
ration but experience have made me fenfible. 


But-yet I would not difcourage men’s curiofity- 


from venturing even upon flight probabilities, 
where the noblenefs of the fubjects and fcope 
may make even {mall attainments very defira- 
ble. And till trial have been made on occa- 
fions of great moment, it is not eafy to be fa- 
tisfied, that men have not been wanting to 
themfelves ; which I fhall only iluftrate by 
propofing what, I prefume, will not need, 
that I fhould make an application of it. Thofe 
adventurous navigators, that have made voyages 
for difcovery in unknown feas, when they firft 
difcerned fomething obfcure near the horizon, 
at a great diftance off, have often doubred, 
whether what they had fo imperfect a fight of, 
were a cloud, or an ifland, or a mountain: 
but though fometimes it were more likely to be 
the former, as that, which more frequently oc- 
curred, than the latter; yet they judged it ad- 
vifable to fteer towards it, till they had a clearer 
profpect of it: for if it were a deluding me- 
teor, they would not however fuftain fo great 
a lofs in that of a little labour, as, in cafe it 
were a country, they would in the lofs of what 
might prove arich difcovery: andif they de- 
fifted too foon from their curiofity, they could 
not rationally fatisfy themfelves, whether they 
flighted a cloud, or neglected a country. 
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SOME ADDITIONAL 


EXPERIMENTS 


RELATING TO THE 


SUSPICIONS about the HIDDEN QUALITIES 


of the 


Te effay about Sufpicions of fome 
Hidden Qualities of the Air having 
been detained fomewhat long at the 
prefs, that it might come abroad accompanied 
with the other tracts defigned to attend it, 


whilft I was rumaging among feveral papers to 


ATR. 


into falt far more white than vitriol, and very 
differing from it in its figure and way of con- 
cretion. 


EXPERIMENT I. 


E. toak colcothar of venereal vitriol This was 
carefully dulcified, and leaving it inmedeat 
my ftudy in the months of Fanuary and Feby-0*"*- 


look for fome other things, I met now and then 
with an experiment or obfervation, that feemed 


to relate to fome of the things delivered in 
that tract ; and though they be in themfelves of 
no great moment, I am content to annex them 
to the reft, becaufe, as in that company they 
may fignify fomewhat, fo I am unwilling, that 
any matter of fact, relating to fuch a fubjedt, 
fhould perifh to fave the labour of tran- 
{cribing. 


EXPERIMENT I. 


AVING occafion to dulcifyfome calx of 

Dantzick vitriol, from which the oil had 
been a good while before diftilled ; water was 
put upon two large portions of it, that the li- 
quor might be impregnated with the vitriolate 
particles remaining in the calx ; the water put 
upon one of thefe portions was, foon after it 
was fufficiently impregnated, filrrated and gently 
abftraéted, by which means it afforded ma- 
ny drachms of a kind of falt of vitriol, that 
feemed to differ very little from the vitriol, that 
had been calcined : but the water, that was put 
‘upon the other portion of calcined vitriol, was 
in a wide-mouthed veffel left in the air for a 
month or fix weeks ; after which time, when it 
came to be abftracted after the manner former- 
ly recited, it afforded many drachms of a falr, 
that did not then, nor long after, look at all 
like common vitriol, or like the other, but 
fhot white almoft like falt-petre, or fome other 
untinéted falt. Whether this experiment will 
conftantly fucceed, and at other feafons of the 
year than that it was madein, which wasfummer, 
1 had not the opportunity to make a full trial, 
though I endeavoured it. But that the air 
may have a great ftroke in varying the falts ob- 
tainable from calcined vitriol, feemed the more 
probable, becaufe we had fome colcothar, that 
had lain many months, if not fome years, in 
the air, but in a place fheltered from the rain ; 
and having caufed a lixivium to be made of it, 
to try what fort or plenty of faline particles it 
would yield, we found, when the fuperfluous 
moifture was exhaled, that they began to fhoot 


ary, by weighing it carefully before an ounce of 
it was expofed to the air, and after it had con- 
tinued there fome weeks, we found it to have 
encreafed in weight four grains and about a 
quarter, befides fome little duft, that ftuck to 
the glafs, | 

Tuts flight experiment is here mentioned, 
that, being compared with the next enfuing 
trial, it may appear, that the difference of airs, 
feafons, calces of vitriol, or other circumftances, 
may produce a notable difparity in the incre- 
pe of weight, the expofed bodies gain in 
the air. 


EXPERIMENT II. 
\ \ FE put eight ounces of outlancifh vitriol, 


calcined to a deep rednefs, into a fomc- 
what broad and flat metalline veffel, and fet it by 
upon a fhelf, in a ftudy, that was feldom fre- 
quented ; and at the fame time, that we might 
obferve what increment would be gained by 
expofing to the air a larger fuperficies of the 
powder, in reference to the bulk, we put into 
another metalline veffel, fmaller than the other, 
only two ounces of colcothar, and fet it on the 
fame fhelf with the other, this was done at the 
vernal equinox, (the twelfth of March;) on 
the twenty-fifth of Fune we weighed thefe pow- 
ders again, and found the eight ounces to have 
gained one drachm and feventeen grains ; but the 
two ounces had acquired the fame weight with- 
in a grain: then putting them back into their 
former veffels, we left them in the fame place 
as formerly, till the twenty-fourth of Augu/f, 
when we found caufe to -fuppofe, that the 
greater parcel of colcothar had met with fome 
mifchance, either by mice or otherwife; but 
the leffer parcel weighed twenty-fix grains hea- 
vier than it did in fuze, amounting now to two 
ounces, one dram, forty-two grains, having in- 
creafed, in lefs than fix months, above an hun- 
dred grains, and confequently above a tenth 
part of its firft weight. 
No 
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No trial was made to difcover, what this ac- 
quired fubftance may be, that we might not 
difturb the intended profecution of the experi- 
ment. 


EXPERIMENT IV. 


BE CAUSE in moft of the experiments of 
fubftances expofed to be impregnated by 
the air, or detain its faline or other exotic par- 
ticles, we employed bodies prepared’ and much 
altered by the previous operation of the fire ; 
we thought fit to make fome trials with bodies 
unchanged by the fire; and to this purpofe we 
took a marchafite, which was partly of a fhin- 
ing and partly of a darkifh colour, and which 
feemed well-difpofed to afford vitrio] : of this 
we took feveral fmaller lumps, that amounted 
to two ounces; thefe were kept in a room, 
where they were freely acceffible to the air, 
which, by reafon that the houfe, that was feat- 
ed in the country, ftood high, was efteemed to 
be very pure. After the marchafites had been 
kept in this room fomewhat lefs than feven 
weeks, we weighed them again in the fame 
balance, and found the two ounces to have 
gained above twelve grains in weight. 


EXPERIMENT VV. 
‘7 experiment ufed at the latter end of 


our paper, about celeftial and aerial mag- 
nets, feeming to fome virtuofi very itrange, 
and the way, that I employed in making that 
Jiquor, that turns green in the air, being fome- 
what troublefome, I remember I thought fit 
to try, upon the fame ground, a way of produ- 
cing the fame phanomenon more eafy and 
more expeditious. And though perhaps this 
way will not fucceed fo conftantly, nor always 
fo well as the other, yet, for its eafinefs and 
cheapnefs, it will not probably be unwelcome 
to thofe, that are defirous to fee the odd phz- 
nomenon. 

We took then, more than once, filings of 
clean crude copper, and having put on them a 
convenient quantity of good fpirit of falt, we 
fuffered the menftruum in heat (which need 
not be very great) to work upon the metal, 
which it ufually does lowly, and not like aqua 
fortis. When the liquor had by this operation 
acquired a thick and muddy colour, we decant- 
ed it into a clean glafs with a wide mouth, 
which being left for a competent time in the 
open air, the expofed liquor came to be of a 
fair green, though it did not appear, that any 
thing was precipitated at the bottom, to make 
it clear. : 


EXPERIMENT VL 


ERHAPS it may not be impertinent to 
add, that I once or twice obferved the 


fumes of a fharp liquor to work more quickly 
or manifeftly on a certain metal fuftained in the 
air, than did the menftruum itfelf, that emit- 
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ted thofe fumes on thofe parts of the metal, that ° 


it covered. And this brings into my mind, that, 
afking divers queftions of a chemift, that had 
been in Hungary, and other parts, purpofely to 
fee the mines; he anfwered me, among other 
things, that, as to the ladders and other wooden 
work employed in one or more of the deep 
Hungarian mines, thofe, that were in the upper 
part of the grooves, any thing near the exter- 
nal air, would, by the fretting exhalations, be 
rendered unferviceable, in not many months ; 
whereas thofe ladders, and pieces of timber, &c. 
that were employed in the lower part of the 


mine, would hold good for two or three times 


as long. 


EXPERIMENT VIL 


W 


that we had caufed to be chemically prepared, 
and which, in the free air, would continualiy 
emit a thick {moke : this being put into a vial, 
and placed in a middle-fized receiver in our en- 
gine, continued for fome time to afford mani- 
feft fumes, whilft the exhauftion was making ; 
till at length, the air having been more and 
more pumped out, the vifible afcenfion of 
fumes out of the vial quite ceafed; and the 
matter having remained fome time in this ftate, 
the fmoking fubftance was fo altered, that it 
would not emit fumes, not only when the air 
was let into the receiver, but not in a pretty 
while after the vial was taken out of it, till it 
had been removed to the window, where the 
wind blowing in frefh and frefh air, it began to 
{moke as formerly. 

Tue other phenomena of this experiment 
belong not to this place; but there are two, 
which will not be impertinent here, and the 
Jatter of them may deferve a ferious refleétion. 

Tue firft of them was, that the fubftance 
hitherto mentioned had been kept in a large 
glafs, wherein it had been diftilled at leaft five 
or fix weeks, and yet would fmoke very plen- 
tifully upon the contact of the air, and be kept 
from {moking, though the chemical receiver 
were {topped but with a piece of paper. 

Tue fecond was, that, when the vial was 
put unf{topped in the receiver, and the receiver 
cloie luted on, though no exhauftion were made, 
yet the white fumes did very quickly ceafe to 
a{cend into the receiver, as if this fmioke parti- 
cipated of the nature of flame, and prefently 
glutted the air, or otherwife made it unfit (and 
yet without diminution of its gravity) to raife 
the body, that fhould afcend. 


E, took, about the bignefs of a nutmeg, 


of a certain foft but confiftent body, - 
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ANIMADVERSIONS 


UPON 


Mr. 


HOBSBE S’s 


PROBLEMATA DE VACUO. 


P R E F A C E. 


[ ez the coming abroad of Mr. 
Hobbes’s Problemata Phyfica, finding 
them in the hands of an ingenious per- 

fon, that intended to write a cenfure of them, 

which feveral employments, private and pub- 

lick, have, it feems, hindered him to do, I 

began, as is ufual on fuch occafions, to turn 

over the leaves of the book, to fee what par- 
ticular things it treated of. This I had not 
long done, before I found, by obvious paflages 
in the third chapter, or dialogue, as well as 
by the title, which was Problemata de Vacuo, 
that I was particularly concerned in it; upon 
which I defired the poffeffor of the book, who 
readily confented, to leave me to examine that 
dialogue, on which condition I would leave 
him to deal with all the reft of the book. 
Nor did I look upon the reflections I meant 
to make, as repugnant to the refolutions I had 
taken againft writing books of controverfy, 
fince the explications, Mr. Hobbes gave of his 
problems, feemed to contain but fome varia- 
tions of, or an appendix to, his traét De Na- 
tura Aeris, which, being one of the two firft 
pieces. that were publifhed againft what I had 
written, was one of thofe, that I had exprefly 
referved myfelf the liberty to anfwer. But 
the animadverfions I firft made upon Mr. 

Hobbes’s Problems de Vacuo, having been ca- 

fually miflaid ere they were finifhed ; before I 

had occafion to refume my tafk, there paffed 

time enough to let me perceive, that his doc- 
trine, which it will eafily be thought, that the 
vacuifts difapproved, was not much relifhed 
by moft of the Plenifts themfelves, the mo- 
derneft Peripateticks, and the Cartefians; each 
of them maintaining the fullnefs of the world, 
upon their own grounds, which are differing 
enough from thofe of our author, the natural 
indifpofition I have to polemical difcourfes, 
eafily perfuaded me to let alone a controverfy, 
that did appear needful. And I had ftill per- 
fitted in my filence, if Mr. Hobbes had not, 
as it were, fummoned me to break it by pub- 
lifhing again -his explications, which in my 

Examen of his dialogue De Natura Aeris, I 

had fhewn to be erroneous, 


Anpb I did not grow at all more fatisfied, 
to find him fo conftant, as well as {tiff an ad- 
verfary to interfperfed vacuities, by comparing, 
what he maintains in his dialogue De Vacuo, 
with fome things, that he teaches, efpecially 
concerning God, the caufe of motion, and the 
impervioufnefs of glafs, in fome other of his 
writings, that are publifhed in the fame volume 
with it. For fince he afferts, that there is a 
God, and owns Him to be the Creator of the 
World; and fince, on the other fide, the 
penetration of dimenfions is confeffed to be 
impoffible, and he denies, that there is any 
vacuum in the univerfe; it feems difficult to 
conceive, how in a world, that is already per- 
fectly full of body, a corporeal Deity, fuch 
as he maintains in his Append. ad Leviath. 
cap. 3. can have that accefs, even to the mi- 
nute parts of the mundane matter, that feems 
requifite to the attributes and operations, that 
belong to the Deity, in reference to the world. 
But I leave divines to confider, what infiuence 
the conjunction of Mr. Hobées’s two opinions, 
the corporeity of the Deity, and the perfect 
plenitude of the world, may have on theology. 
And perhaps, I fhouldnot in a phyfical difcourfe 
have taken any notice of the propofed diffi- 
culty, but that, to prevent an mmputation on 
the ftudy of nature’s works, (as if it taught 
us rather to degrade, than admire their author, ) 
it feemed not amifs to hint (i tranfitu) that 
Mr. Hobbes’s grofs conception of a corporeal 
God is not only unwarranted by found philo- 
fophy, but ill-befriended even by his own. 

My adverfary having propofed his pro- 
blems by way of dialogue between 4. and B; 
it will not, I prefume, be wondered at, that 
I have given the fame form to my animad- 
verfions ; which come forth no earlier, becaufe 
I had divers other treatifes, that I was more 
concerned for, to publifh before them. 

But, becaufe it will probably be demanded, 
why, in a tract, that is but fhort, my ani- 
madverfions fhould take up fo much room? 
it will be requifite, that I here give an account 
of the bulk of this treatife. 


AND 


ANIMADVERSIONS, &«. 


Anp firft, having found, that there was 
hot any one problem, in whofe explication, as 
propofed by Mr. Hobbes, 1 faw caufe to ac- 
quiefce, I was induced, for the reader’s eafe, and 
that I might be fure to do my adverfary no 
wrong, to tranicribe his whole dialogue, ba- 
ting fome few tranfitions, and other claufes not 
needful to be transferred hither. 

Next, I was not willing to imitate Mr. 
Hobbes, who recites in the dialogue we are 
confidering the fame experiments, that he had 
already mentioned in his traét De Natura Aeris, 
without adding as his own (that I remember) 
any new one to them, But my unwillingnefs 
to tire the reader with bare repetitions of the 
arguments I employed in my Examen of that 
tract, invited me to endeavour to make him 
fome amends for the exercife of his patience by 
inferting, as occafion was offered, five or fix 
hew experiments, that will not perhaps be fo 
eafily made by every reader, that will be able 
(now that I have perfpicuoufly propofed them) 
to underftand them. 

Awp laftly, fince Mr. Hobbes has not been 
content to manage himfelf and his way of treat- 
ing of phyfical matters, but has been pleafed 
to {peak very flightingly of experimentarian 
philofophers (as he ftiles them) in general, 
and, which is worfe, to difparage the making 
of elaborate experiments ; I judged the thing, 
he feemed to aim at, fo prejudicial to true and 


ufeful philofophy, that I thought it might do 
fome fervice to the lefs knowing, and lefs 
wary fort of readers, if I tried to make his 
own explications enervate his authority, and by 
a fomewhat particular Examen of the folutions 
he has given of the problems I am concerned 
in, fhew, that it is much more eafy to under- 
value a frequent recourfe to experiments, than 
truly to explicate the phenomena of naturé 
without them. And fince our author, fpeak- 
ing of his Problemata Phyfica, (which is but a 
{mall book) fcruples not to tell his majefty, to 
whom he dedicates them, that he has therein 
comprifed (to fpeak in his own terms) the 
greateit and moft probable part of his phy- 
fical meditations ; and fince by the alterations, 
he has made in what he formerly writ about the 
phznomena of my engine, he feems to have 
defigned to give it a more advantageous form ; 
I conceive, that by thefe feleéted folutions of 
his, one may, without doing him the leaft in- 
juftice, make an eftimate of his way of dif- 
courfing about natural things. And though 
I would not intereft the credit of experimen- 
tarian philofophers in no confiderabler a paper 
than this; yet if Mr. Hobdes’s explication and 
mine be attentively compared, it will not, I 
hope, by them be found, that the way of phi- 
lofophifing he employs is much to be preferred 
before that, which he undervalues. 


* Credo, (fays Mr. Hobbes in his Dialogus Phyficus:) Nam motus hic Reftitutionis Hobbit eff, €9 ab illo primo €8 folo 
explicatus in Lib. de Corpore, cap. 21. Art 1: Sine qua Hypothefi, quantufeungue labor, ars, fumptus, ad rerum Na- 
turalium sly labled caufas invenitndus adbibeatur, fruftra erit. And {peaking of the Gentlemen (to whom it were not 

0 


here proper 


rme to give Epithets) that ufed to meet at Greoam-College, and are known by the Name of the Roya/- 


Society, he thus treats them and their way of inquiring into Nature: Conveniant, fludia conferant, Experimenta faciant 
quantum Vvolunt, nift(S Principiis utantur meis, nihil proficient. 

A. Fateris ergo nihil hadenus @ Collegis tuis promotam eff fcientium Caufarum Naturalium, nifi quod unus eorum 
Machinam invenerit, qua motus excitari Aeris poffit talis, ut partes Sphera@ fimul undiquaque tendant ad Centrum, &F ut 
Hypothefes Hobbiane, anté quidem fatis probabiles, bine reddantur probabiliores, 

B. Nec fateri pudet, nam eft aliquid prodire tenus, fi non datur altra. 

A. Quid tenus? quorfum autem tantus apparatus & fiumptus Machinarum fa&u dificilium, ut eatenus tantum prodi- 
retis, quantum ante prodirat Hobbius ? Cur non inde potius incepifiis, ubi ille defiit? Cur principiis ab illo pofitis non eftis 
uft? Cumque Ariftoteles reGe dixit, ignorato motu ignorari Naturam, &e. 

—— Ad Caufas autem, propter quas proficere ne paululum quidem potuiftis, mec poteritis, accedunt etium alia, ut 


odium Hobbii, &8c. 


ANIMADVERSIONS &. 


A. AY, one, without too bold an 
inquifitivenefs, afk, what book 


you are reading fo attentively ? 

8B. You will eafily believe you may, when 
I fhall have anfwered you, that it was Mr. 
Hobbes’s lately publifhed tract of phyfical pro- 
blems, which I was perufing. | 

4. Wat progrefs have you made in it? 

B. I was finifhing the third dialogue or 
chapter, when you came in, and finding myfelf, 
though mot named, yet particularly concerned, 
I was perufing it with that attention, which it 
feems you take notice of. 

A, Divers of your experiments are fo ex- 
prefsly mentioned there, that one need not be 
filled in decyphering to perceive, that you are 
interefted in that chapter; and therefore feeing 
you have heedfully read it over, pray give me 
leave to afk your judgment, both of Mr. 

Vou. UL 


Hobbes’s opinion, and his reafonings about 4 
vacuum. 
B. Concernine his opinion, I am forry 
I cannot now fatisfy your curiofity, having long 
fince taken, and ever fince kept a refolution to 
decline, at leaft, until a time, that 1s not yet 
come, the declaring myfelf either for or againft 
the Plenifts. But as to the other part of your 
queftion, which is about Mr. Hodbes’s argu- 
ments for the abfolute plenitude of the world, 
I fhall not feruple readily to anfwer, that his 
ratiocindtions feem to me far fhort of that co- 
gency, which the noife he would make in the 
world, and the way, wherein he treats both an- 
cient and modern philofophers, that diffent 
from him, may warrant us to expect. 
~ A. You will allow me the freedom to tell 
you, that, to convince me, that your refent- 
ment of his explicating divers of the phzeno- 
mena 


yas 
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mena of your pneumatick engine otherwife 
than you have been wont to do, (and perhaps 
in terms, that might well have been more civil) 
has had no fhare in dictating this judgment of 
yours; the beft way will be, that entering for 
a while into the party of the vacuifts, you an- 
fwer the arguments he alledges in his chapter 
to confute them. | 

B. Havince always, as you know, forborn 
to declare myfelf either way in this controverfy, 
I fhall not tye myfelf ftri€tly to the principles 
and notions of the vacuifts, nor, though but 
for a while, oppofe myfelf to thofe of the 
Plenifts : but fo far J fhall comply with your 
commands, as either upon the doctrine of the 
vacuifts, or upon other grounds, to confider, 
whether this dialogue of Mr, Hobdes have co- 
gently proved his, and the fchools affertion, 
Nou dari vacuums, and whether he has right- 
ly explained fome phznomena of nature, 
which he undertakes to give an account of, 
and efpecially fome produced in our engine, 
whereof he takes upon him to render the ge- 
nuine caufes. And this laft inquiry is that, 
which I chiefly defign. 

A. By this I perceive, that if you can make 
out your own explications of your adverfary’s 
problems de vacuo, and fhew them to be pre- 
ferable to his, you will think you have done 
your work; and that it is but your fecondary 
cope to fhew, that in Mr. Fiobdes’s way of 
folving them, he gives the vacuifts an advan- 
tage againit him, though not againft the Ple- 
nifts in general. 

B. You do not miftake my meaning, and 
therefore without any further preamble, let us 
now proceeed to the particular phaznomena 
confidered by Mr. Hoddes; the farft of which 
is an experiment propofed by me in the one 
and thirtieth of the phyfico-mechanical expe- 
riments concerning the adhefion of two flat 
and polifhed marbles, which I endeavoured to 
folve by the preflure of the air. And this ex- 
periment Mr. Fobdes thinks fo convincing an 
one to prove the plenitude of the world, that, 
though he tells us he has many cogent argu- 
ments to make it out, yet he mentions but 
this one, becaufe that, he fays, fuffices. 

4A. THe confidence he thereby expreffes of 
the great force of the argument does the lefs 
move me, becaufe I remember, that former- 
ly in his elements of philofophy he thought it 
fufficient to employ one argument to evince the 
plenitude of the world, and for that one he 
pitched upon the vulgar experiment of a gar- 
dener’s watering-pot:. but whether he were 
wrought upon by the objections made to his 
inference from that phenomenon in your exa- 
men of his dialogue De Natura Aeris, or by 
fome other confiderations, I will not pretend 
to divine. But I plainly perceive, he now pre- 
{ers the experiment of the cohering marbles. 

B. Or which it will not be amis, though 
the paffage be fomewhat long, to read you his 
whole difcourfe out of the book I have in my 
hand. | 
4, I is fit, that you, who for my fake are 
content to take the pains of anfwering what he 
fays, fhould be cafed of the trouble of reading 


it, which I will therefore, with your teave, 
take upon me. His difcourfe then about the 
marbles is this : 

A. Ad probandam univerfi plenitudinem, nut- 
lum notin’ argumentum cogens ? 

B. Imo multa: unum autem fufficit ex eo 
fumptum, quod duo corpora plana, fi fe matud 
fecundum amborum planitiem communem tangant, 
non facile in inflante divelli poffunt, fuccefivé 
vero facillimé. Non dico, impoffibile effe duo 
duriffima marmora ita coberentia divellere, fed 
difficile; &S vim poftulare tantam, quanta fuf-. 
jicit ad duritiem lapidis fuperandam.  Siquidem 
verd majore vi ad feparationem opus fit quam 
illz, quad moventur feparata, id fignum eft, non 
dari vacuum, 

A, ASSERTIONES tlle demonftratione indi- 
gent. Priwo autem oftende, quomodo ex dusrum 
duriffunoruim corporum, conjunttorum ad fuper- 
Jicies exquifile leves, diremptione difficili, fequa- 
tur plenitudo mundi ? 

A. Si duo plana, dura, polita corpora (ut 
marmora) collocentur unum fupra alterum, ita 
ut corum fuperhcies fe mutud per omnia punta 
exadlé, quantum fieri poteft, contingant, illa fine 
magna dificultateita aivelli non poffunt, ut eodens 
inftante per omnia puntta divimantur. Verun- 
tamen marmora eadem, ft communis eorum fuper- 
jicies ad horizontem erigatur, aut non valde in- 
clinetur, alterum ab altero facillimé (ut fcis) 
etiam folo pondere dilabentur, Nonne caufa bu- 
jus rei bec eft, quod labenti marmeri fuccedit 
aer, &F reliétcns locum femper implet ? 

A, CERTISSIME. Quid ergo? 

B. QuanDo veré eadem uno inftante divel- 
lere conaris, nonne multo major vis adbibenda 
eff; guam ob caufam ? 

A. Eco, & mecum (puto) omnes caufam fta- 
tuunt, quod fpatium totum inter duo illa marmora 
divulfa fimut uno inflante implere aer non poteff, 
quantacunque céleritate fiat divulfo. 

B. Aw quit fpatia in aere dari vacua conten: 
dunt, in tllo aere folo dari negant, qui marmora 
tlla conjuncta circumdat ? 

A. MInIME, fed ubique inter fperfa. 

B. Dum ergo tlli, qui marmor unum ab al- 
tero revellentes aerein comprimunt, &F per confe- 
quens valium exprimunt, vacuum faciunt locum 
per revulfioncm relicium , nulla ergo feparationis 
erit dificultas, faltemnon major, quam eff diff- 

ultas corpora eadem movendiin aerey poftquam 
feparata fuerint. TItaque quoniam, conceffo va- 
cuo, dificultas marmora illa dirimendi nulla eff, 
Sequitur per dificultatis experientiam, nullum effe 
vacuum. 

A. Recre quidem illud infers. Mundi au- 
tem plenitudine fuppofita, quomodo demonftrabis 
poffibile omnino effe, ut divellantur ? 

8. Cocita primo corpus aliquod duétile, 
nec nimis durum, ut ceram, in duas partes di- 
firabi, que tamen partes non minus exacle in 
communi plano fe mutuo tangunt quam Leviffima 


marmora, Fam quo patto diftrabatur cera, con- 
fideremus. Nonne perpetuo attenuatur, donee in 


jilum evadat tenuiffinum, £8 omni dato craffo 
tenuius, (FP fic tandem divellitur ? Eodem modo 
etiam duriffima columna in duas partes diftrabe- 
tur, fi vim tantam adbibeas, quanta fufficit ad 
refiftentiam durities fuperandam,  Sicut enim in 

Cera 
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cera partes primo extime diftrabuntur, in qua- 
rum locum fuccedit aer; ita etiam in corpore 
guantumlibet duro aer locum fubit partium exti- 
marum, que prime vulfionis viribus dirumpun- 
tur. Vis autem, que fuperat refiftentiam partium 
extimarum duri, facile fuperabit refiftentiam re- 
liquarum. Nam refiftentia prima eft @ toto duro, 
reliquaruim verd femper a refiduo. 

4. ITA quidem videtur confideranti, quam 
corpora quedam, prefertim vero duriffima, fra- 
gilia fint. 

Dogs this ratiocination feem to you as co- 
gent, as it did to the propofer of it ? 

.  B. You will quickly think it does not; and 
perhaps you would think it fhould not, if you 

pleafe to confider with me fome of the reflec- 

tions, that the reading of it fuggefted to me. 

Awp firft, without declaring for the va- 
cuift’s opinion, I mult profefs myfelf unfatif- 
fied with Mr. Hodvdes’s way of arguing againft 
them: for, where he fays, Dum ergo illi, qui 
marmor unum ab altero revellentes aerem com- 
primunt,€S per confequens vacuum exprimunt, va- 
cuum faciunt locum per revulfonem relifium ; 
nulla ergo feparationis erit diffeultas, faltem non 
major, quam eft difficultas corpora eadem movendi 
in aere, pofiquam feparata fuerint. LItaque quo- 
niam, conceffo vacuo, difficultas marmora illa di- 
vimendi nulla eft, fequitur per difficultatis expe- 
rientiam, nullum effe vacuum. Methinks he ex- 
preffes himifelf but obfcurely, and leaves his 
readers to guefs, what the word dum refers to. 
But that, which feems to be his drift inthis paf- 
fage, is, that, fince the vacuifts allow inter- 
{perfed vacuities, not only in the air, that fur- 
rounds the conjoined marbles, but in the reft 
of the ambient air, there is no reafon, why 
there fhould be any difficulty in feparating the 
marbles, or at leaft any greater difficulty than 
in moving the marbles in that air after their 
{eparation. But, not to confider, whether his 
adverfaries will not accufe his phrafe of fqueez- 
ing out a vacuum, as if it were a body, they 
will eafily anfwer, that notwithftanding the va- 
culties they admit in the ambient air, a mani- 
feft reafon may be given in their hypothefis of 
our finding a difficulty in the divulfion of the 
marbles. For, the vacuities they admit, being 
but interfperfed, and very {mall, and the cor- 
puicies of the atmofphere being, according to 
them, endowed with gravity, there lean fo 
many upon the upper furface of the uppermoft 
marble, that that {tone cannot be at once per- 
pendicularly drawn up trom the lower marble 
_ contiguous to it, without a force capable to 
furmount the weight of the aerial corpufcles, 
that lean upon it. And this weight has already 
fo conftipated the neighbouring parts of the 
ambient air, that he, that would perpendicu- 
larly raife the upper marble from the lower, 
fhall need a confiderable force to make the re- 
vulfion, and compel the already contiguous 
parts of the incumbent air to a fubingreffion 
into the pores or intervals, intercepted between 
them. For the conatus of him, that endea- 
vours to remove the upper marble, whilft the 
Jower furface of it is fenced from the preffure 
of the atmofphere, by the contact of the lower 
marble, which fuffers no air to come in between 
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them, is not affifted ky the weight or prefure 
of the atmofphere, which, when the marbles 
are once feparated, preffing as ftrongly againtt 
the undermoft furface of the upper marble, as 
the incumbent atmofpherical pillar does againft 
the upper furface of the fame marble, the hance, 
that endeavours to raife it in the free air, hes no 
other refiftance, than that finall one of the 
marble’s own weight to furmount. 

4. But what fay you to the reafon, that 


Mr. Hobbes, and, as he thinks, all others give 


of the difficulty of the often-mentioned divul- 
fion? namely, Qudd fpatium totum inter dud 
ila marmora divulfa fimul uno inftante implere 


aer non poteft, quantacunque celeritate flat di- 
vulfio. 


B. I fay, that, for aught I know, the ple- 


nifts may give a more plaufible account of this 
experiment, than Mr. Hobbes has here done; 
and therefore, abftratting from the two oppo- 
fite hypothefes, I fhall further fay, that the 
genuine caufe of the phenomenon feems to be 
that, which I have already affigned ; and that 
difficulty of raifing the upper ftone, that accom- 
panies the air’s not being able to come in all 
at once, to poffefs thd {pace left between the 
furfaces of the two marbles upon their fepara- 
tion, proceeds from hence, that, till that {pace 
be filled with the atmofpherical air, the hand 
of him, that would lift up the fuperior marble, 
cannot be fully affifted by the preffure of the 
air againft the lower furface of that marble. 

4, Tuts is a paradox, and therefore I fhall 
defire to know on what you ground it. 

B. Toucs I mention it but as a conjec- 
ture propofed ex abundanti, yet 1 fhall on this 
occafion countenance it with two things; the 
firft, that, fince I declare not for the hypothefis 
of the Plenifts, as it is maintained by Mr. 
Hobbes, | am ‘not bound to allow, what the 
common explication; adopted by my adver- 
fary, fuppofes; namely, that either nature ab- 
hors a vacuum (as the {chools would have it,) 
or that there could be no divulfion of the 
marbles, unlefs, at the fame time, the air were 
admitted into the room, that divulfion makes 
for it. And a vacuift may tell you, that, pro- 
vided the ftrength employed to draw up the 
fuperior marble be great enough to furmount 
the weight of the aerial corpufcles accumulated 
upon it, the divulfion would enfue, though, by 
divine Omnipotence, no air, or other body, 
fhould be permitted to fill the room made for 
it by the divulfion; and that the air’s rufhing 
into that fpace does not neceflarily accompany, 
but in order of nature and time follow upon, 
a feparation of the marbles, the air, that fur- 
rounded their contiguous furfaces, being by 
the weight of the collaterally fuperior air, im- 
pelled into the room newly made by the divul- 
fion. But I fhall rather countenance what you 
call my paradox, by an experiment I purpofely 
made in our pneumatical receiver, where, ha- 
ving accommodated two flat and polifhed 
marbles, fo that the lower being fixed, the 
upper might be laid upon it, and drawn up 
again as there fhould be occafion, I found, that 
if, when the recetver was well exhaufted, the 


upper marble was, by a certain contrivance, 
laid 
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laid flat upon the lower, they would not then 
cohere as formerly, but be with great eafe 
feparated, though it did not, by any phe- 
nomenon appear, that any air could come to 
rufh in, to poffefs the place gtven it, by the 
reccels of the upper marble, whofe very eafy 
avulfion is as eafily explicable by our hypo- 
thefis; fince the preffure of that little air, that 
remained in the receiver, being too faint to 
make any at all confiderable refiftance to the 
avulfion cf the upper marble, the hand, that 
drew it up, had very little more than the fingle 
weight of the ftone to furmount. 

A. An Ant-plenift had expected, that 
vou would have obferved, that the difficult 
feparation of the marbles in the open air does 
rather prove, that there may be a vacuum, 
than that there can be none. For in cafe the 
air can fucceed as faft at the fides, as the divul- 
fion is made, a vacuift may demand, whence 
comes the difficulty of the feparation ? And if 
the air cannot fiil the whole room made for it 
by the feparated marbles, at the fame inftant 
they are forced afunder, how is a vacuum 
avoided for that time, how fmall foever, that 
is neceffary for the air to pafs from the edges 
to the middle of the room newly made? 

BR. Wuat the Plenifts will fay to your ar- 
gument, I leave them to confider; but I pre- 
fume, they will be able to give a more plaufi- 
ble account of the phzenomenon we are treating 
of, than is given by Mr. Hobbes, 

A. \WHaT induces you to diflike his ex- 
plication of it ? 

B. Two things; the one, that I think the 
caufe he affigns improbable ; and the other; 
that I think another, that is better, has been 
affioned already. 

AND firft, whereas Mr. Hobbes requires to 
the divulfion of the marbles a force great 
enough io furmount the hardnefs of the ftone, 
this is afferted gratis, which it fhould not be; 
{ince it feems very unlikely, that the weight 
of fo few pounds, as will fuffice to feparate two 
coherent marbles of about an inch, for inftance, 
in diameter, fhould be able to furmount the 
hardnefs of fuch folid ftcnes, as we ufually em- 
ploy in this experiment. And though it be 
generally judged more eafy to bend, if it may 
be, or break a broader piece of marble ceteris 
paribus, than a much narrower ; yet, whereas 
neither I, nor any elfe that I know, nor I 
believe Mr. Habbes, ever obferved any diffe- 
rence in the refaftance of marbles to feparation 
from the greater or leffer thicknefs of the 
{tones ; I find by conftant experience, that, 
caieris paribus, the broadnefs of the coherent 
marble does exceedingly encreafe the difficulty 
of disjoinmg them: infomuch, that, whereas 
not many pounds, as I was faying, would fe- 
parate marbles of aninch, or a leffer diameter ; 
when I encreafed their diameter to about four 
lnches, if I mif-remember not, there were {e- 


veral men, that fucceffively tried to pull them. 


afunder, without being able by their utmoft 
force to effect ir. 

A, But what fay you to the iluftration, 
that Mr, Hobbes, upon the-fuppofition of the 
world’s plenitude, gives of our phenomenon, 
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by drawing afunder the oppofite parts of a 
piece of wax? 

B. Tome it feems an inftance improper 
enough. For firlt, the parts, that are to be 
divided in the wax, are of a foft and yielding 
confiftence, and according to him, of a duétile, 
or, if you pleafe, of a tractile nature, and not, 
as the parts of the coherent marbles, very folid 
and hard. Next, the parts of the wax do not 
{tick together barely by a fuperficial contaét of 
two {mooth planes, as do the marbles we are 
{peaking of ; but have their parts implicated, 
and as it were intangled with one another. And 
therefore, they are far from a difpofition to flide 
off, like the marbles, from one another, in how 
commodious a pofture fo ever you place them. 
Befides, it is manifeft, that the air has oppor- 
tunity to-fucceed in the places fucceffively de- 
ferted by the receding parts of the attenuated 
wax; but it is neither manifeft, nor as yet 
well proved, by Mr. Hobbes, that the air does 
after the fame manner fucceed between the two 
marbles, which, as I lately noted, are not 
forced afunder after fuch a way, but are, as 
himfelf {peaks, fevered in all their points at 
the fame inftant. 

A. I know, you forget not what he fays, of 
the dividing of a hard column into two parts, 
by a force fufficient to overcome the refiftance 
of its hardnefs. 

B. He does not here either affirm, that he, 
or any he can truft, has feen the thing done ; 
nor does he give us any fuch account of the 
way wherein the pillar is to be broken, whe- 
ther in an erected, inclined, or horizontal pof- 
ture ; nor defcribe the particular circumftances, 
that were fit to be mentioned in order to the 
folution of the phznomenon. Wherefore, 
till I be better informed of the matter of 
fact, I can fcarce look upon what Mr. Hobbes 
fays of the pillar, as other than his conjecture, 
which now 1] fhall the rather pafs by, not only 
becaufe the cafe 1s differing from that of our 
polifhed marbles, which are actually diftiné 
bodies, and only contiguous in one commiffure ; 
but alfo, becaufe I would haften to the fecond 
reafon of my diflike of Mr. Hobbes’s explica- 
tion of our phenomenon, which is, that a 
better has been given already, from the pref- 
{ure of the atmofphere upon all the fuperficial 
parts of the upper marble, fave thofe, that 
touch the plane of the lower. 

A. You would have put fair for convincing 
Mr. Hobbes himfelf, at leaft would have put 
him to unufual fhifts, if you had fucceeded in 
the attempt you made, -among other of your 
phy fico-mechanical experiments, to disjoin two 
coherent marbles, by fufpending them horizon- 
tally in your pneumatical receiver, and pump- 
ing out the air, that invironed them ; for, from 
your failing in that attempt, though you ren- 
dered a not improbable reafon of it, Mr. Hobbes 
took occafion, in his dialogue De Natura 
Aeris, to {peak in fo high a ftrain as this: Né- 
bil ifthic erat,quad ageret pondus experimento 
hoc excogitari contra opinionem eorum, qui va- 
cuum afferunt, aliud argumentum fortius aut evi- 
dentius non potutt. Nam ft duorum coberen- 
tinm alterutrum fecundim eam viam, in qua Ja- 
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cent ipfe contigue fuperficies, propulfum effet, 
facile fepararentur, Aere proximo in locum re- 
liffum fuccefivée femper influente, fed illa ita 
divellere, ut fimul totam amitterent contattum, 
impoffibile eft, mundo pleno. Oporteret enim aut 
motum fieri ab uno termino ad alium in inftante, 
aut duo corpora eodem tempore in codem effe 
loca: quorum utrumvis dicere, eft abfurdum. 

B. You may remember, that where I re- 
late that experiment, I expreffed a hope, that, 
when I fhould be better accommodated than I 
then was, I might attempt the trial with prof- 
perous fuccefs; and accordingly afterwards, 
having got a leffer engine than that I ufed be- 
fore, wherewith the air might be better pump- 
ed out, and longer kept out, I cheerfully re- 
peated the trial. To fhew then, that when 
two coherent marbles are fuftained horizontally 
in the air, the caufe, why they are not to be 
forced afunder, if they have two or three 
inches in diameter, without the help of a con- 
fiderable weight, is the preffure I was lately 
mentioning of the ambient air ; I caufed two 
fich coherent marbles to be fufpended in a 
large receiver, with a weight at the lowermolt, 
that might help to keep them fteady, but was 
very inconfiderable to that, which their cohefion 
might have furmounted ;_ then caufing the air 
to be pumped by degrees out of the receiver, 
for a good while the marbles ftuck clofe toge- 
ther, becaufe, during that time, the air could 
not be fo far pumped out, but that there re- 
mained enough to fuftain the {mall weight, 
that endeavoured their divulfion: but when 
the air was further pumped out, at length the 
{pring of the little, but not a little expanded 
air, that remained, being grown too weak to 
fuftain the lower marble and its {mall clog, they 
did, as I expected, drop off. 

A, Tuis will not agree over-well with the 
confident and triumphant expreffions juft now 
recited. 

B. I never envied Mr. Hobdes’s forwardnefs 
to triumph, and am content, his conjectures 
be recommended by the confidence, that ac- 
companies them, if mine be by the fuccefs, that 
follows them. But to confirm the explication 
given by me of our phenomenon, I fhall add, 
that as the laft mentioned trial, which I had 
feveral times occafion to repeat, fhews, that 
the cohefion of our two contiguous marbles 
would ceafe upon the withdrawing of the 
preffure of the atmofphere; fo by another ex- 
periment I made, it appears, that the fuper- 
vening of that preffure fuficed to caufe that 
cohefion. For, in profecution of one of the 
lately mentioned trials, having found, that 
when the recetver was well exhaufted, two 
marbles, though confiderably broad, being 
laid upon one another after the requifite man- 
ner, their adhefion was, if any at all, fo weak, 
that the uppermoft would be eafily drawn up 
from off the other; we laid them again one 
upon the other, and then letting the external 
air flow into the receiver, we found, accord- 
ing to expectation, that the marbles now co- 
hered well, and we could not raife the upper- 
moft, but accompanied with the lowermotft, 
But I am fenfible, I have detained you too 
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long upon the fingJe experiment of the marbles : 
And though I hope the ftrefs Mr. Hoddes lays 
on it, will plead my excufe, yet, to make 
your patience fome amends, I fhall be the 
more brief in the other particulars, that remain 
to be confidered in his dialogue De Vacuo, 
And it will not be difficult for me to keep my 
promife without injuring my caufe, fince al- 
moft all thefe particulars being but the fame, 
which he has already alledged in his dialogue 
De Natura Aeris, and I foon after anfwered in 
my Examen of that dialogue, I fhall need but 
to refer you to the pafflages, where you may 
find thefe allegations examined, only fubjoin- 
ing here fome reflections upon thofe few and 
flight things, that he has added in his pro- 
blems De Vacuo. 

4. | may then, I fuppofe, read to you the 
next paflage to that long one, you have hitherto 
been confidering, and it is this: 4d vacuun 
nunc revertor: Quas caufas fine fuppofiticne 
vacui redditurus es illorum effectuum, qui offen- 
duntur per Machinam illam, que eft in Collegio 
Grefhamenfi ? 

B. Machina illa— 

A. Stop here, I befeech you a little, thar, 
before we go any further, 1 may take notice to 
you of a couple of things, that will concern 
our fubfequent difcourfe. 

WHEREOF the firft is, that it appears by 
Mr. Hobves’s Dialogue about the Air, that the 
explications he there gave of fome of the phe- 
nomena of the Machina Boyliana, were di- 
rected partly againft the virtuofi, that have 
fince been honoured with the title of the Royal 
Society, and partly againft the author of that 
engine, as if the main thing therein defigned 
were to prove a vacuum. And firce he now 
repeats the fame explications, I think it necef- 
fary to fay again, that if he either takes the 
Society or me for profeffed vacuitts, he mif- 
takes, and fhoots befides the mark ; for, nei- 
ther they nor I have ever yet declared either 
for or again{t a vacuum. | 

Aw op the other thing I would obferve to you, 
is, that Mr. Hobbes feems not to have rightly 
underftood, or at leaft not to have fufficiently 
heeded in what chiefly confilts the advantage, 
which the vacuifts may make of our engine 
againft him: for, whereas in divers places he 
is very folicitous to prove, that the cavity of a 
pneumatical receiver is not altogether empty, 
the vacuifts may tell him, that fince he afferts 
the abfolute plenitude of the world, he mut, 
as indeed he does, reyeét not only great va- 
cuities, but alfo thofe very {mall and interfper- 
fed ones, that they fuppofe to be intercepted 
between the folid corpufcles of other bodies, 
particularly of the air: fo that it would not 
confute them to prove, that in our receiver, 
when moft diligently exhaufted, there is not 
one great and abfolute vacuity, or, as they 
fpeak, a vacuum coacervatum, {ince {maller and 
diffeminated vacuities would ferve their turn. 
And therefore they may think their preten- 
fions highly favoured, as by feveral particular 
effeéts, fo by this general phanomenon of our 
engine, that it appears by feveral circum- 
{tances, that the common or atmofpherical air, 
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which, before the pump is fet to work, pof- 
{effed the whole cavity of our receiver, far the 
greateft part is by the intervention of the pump 
made to pafs out the cavity into the open air, 
without being able, at leaft for a little while, 
to get in again ; and yet it does not appear by 
any thing alledged by Mr. Hodées, that any 
other body fucceeds to fill adequately the 
places deferted by fuch a multitude of aerial 
corpufcles. 

A. VF I guefs aright, by thofe words, (viz. 
‘¢ it appears not by any thing alledged by Mr. 
<¢ Hobbes,”) you defign to intimate, that you 
would not in general prejudice the plenitts. 

B. Your conjecture was well founded: for 
T think divers of them, and particularly the 
Cartefians, who fuppofe a fubtile matter or 
zether fine enough to permeate glafs, though 
our comnion air cannot do it, have not near fo 
difficult a tafk to avoid the arguments the va- 
cuifts may draw from our engine, as Mr. 
Hobbes, who, without having recourfe to the 
porofity of glafs, which indeed is impervious 
to common air, ftrives to folve the phzno- 
mena, and prove our receiver to be always per- 
fectly full, and therefore as full at any one 
time as at any other of common or atmo{pheri- 
cal air, as far as we can judge of his opinion 
by the tendency or import of his explica- 
tions, | 

A, Yer, if I were rightly informed of an 
experiment of yours, Mr, Hobbes may be 
thereby reduced either to pafs over to the va- 
cuifts, or to acknowledge fome etherial or 
other matter more fubtil than air, and capable 
of paffing through the pores of glais; and 
therefore, to fhew yourfelf impartial between 
the vacuifts and their adverfaries in this con- 
troverfy, I hope you will not refufe to gratify 
the plenifts by giving your friends a more par- 
ticular account of the experiment. 

B. Tknow which you mean, and remember 
it very well. For, though I long fince de- 
vifed it, yet having but the other day had 
occafion to perufe the relation I writ down of 
one of the beft trials, I think I can repeat it, 
almoft in the very words, which if I muftake 
not, were thefe: 

THERE was taken a bubble of thin white 
glafs, about the bignefs of a nutmeg, with a 
very flender ftem, of about four or five inches 
long, and of the bignefs of a crow’s-quill. ‘The 
end of the quill being held in the flame of a 
Jamp blown with a pair of bellows, was readily 
and well fealed up, and prefently the globous 
part of the glafs, being held by the ftem, was 
kept turning in the flame, until 1t was red hot 
and ready to melt: then being a little removed 
from the flame, as the included air began to 
lofe of its agitation and fpring, the external 
air manifeftly and confiderably preffed in one 
of the fides of the bubble. But the glafs being 
again, before the cold could crack it, held as 
before in the flame, the rarified air diftended 
and plumped up the bubble; which being 
the fecond time removed from the fame, was 
the fecond time compreffed ; and, being the 
third time brought back to the flame, fwelled 
as before, and removed, was again comprefied, 


(either this time or the laft by two diftiné ca- 
vities;) until at length, having fatished our- 
felves, that the included air was capable of be- 
ing condenfed or dilated without the ingrefs or 
egrefs of air (properly fo called) we held the 
bubble fo long in the flame, ftrengthened by 
nimble blafts, that not only it had its fides 
plumped up, but a hole violently broken in it 
by the over-rarified air, which, together with 
the former watchfulnefs, we employed from 
time to time to difcern, if it were any where 
cracked or perforated, fatisfied us, that it was 
until then entire. 

A, I confefs, I did not readily conceive be- 
fore, how you could, (as I was told you had,) 
make a folid veffel, wherein there was no dan- 
ger of the air’s getting in or out, whofe cavity 
fhould be ftill poffeffed with the fame air, and 
yet the veffel be made by turns bigger and 
leffer. And, though I prefently thought upon 
a well {topped bladder, yet I well forefaw, that 
a diftrufttul adverfary might make fome ob- 
jections, which are by your way of proceeding 
obviated ; and the experiment agrees with your 
doctrine in fhewing, how impervious we may 
well think your thick pneumatick receivers are 
to common air, fince a thin glais bubble, when 
its pores werc opened or relaxed by flame, 
would not give paffage to the {pringy particles 
of the air, though violently agitated ; for if 
thofe particles could have got out of the pores, 
they never would have broke the bubble, as at 
length a more violent degree of heat made 
them do; nor probably would the compref- 
fion, that afterwards entued, of the bubble by 
the ambient air, be checked near fo foon, if 
thofe f{pringy corpufcles had not remained 
within to make the refiftance. Methinks, one 
may hence draw a new proof of what I remem- 
ber you elfewhere teach, that the {pring of the 
air may be much ftrengthened by heat. For, 
in our cafe, the fpring of the air was thereby 
inabled to expand the comprefled glafs, it was 
imprifoned in, in fpite of the refifting preffure 
of the external air ; and yet, that this preffure 
was confiderable, appears by this, that the 
weight of fo {mall a column of atmofpherical 
air, as could bear upon the bubble, was able 
to prefs in the heated giafs, in fpite of the re- 
fiftance of its tenacity and arched figure. 

B. Yet that, which I mamly defigned in 
this experiment, was, (if I were able) to fhew 
and prove at once, by an inftance not liable to 
the ordinary exceptions, the true nature of ra- 
refaction and condenfation, at leaft of the air. 
For to fay nothing of the Peripatetick rarefac- 
tion and condenfation, ftrictly fo called, which 
J fcruple not to declare, I think to be phyfically 
inconceptible or impoffible ; it is plain by our 
experiment, that, when the bubble, after the 
glafs had been firft thruft in towards the center, 
was expanded again by heat, the included air 

offefied more room than before, and yet it 
could perfectly fill no more room than formerly, 
each acrial particle taking up, both before and 
after the heating of the bubble, a portion of 
{pace adequate to its own bulk ; fo that in the 
cavity of the expanded bubble we muft admit 
either vacuities interfperfed between the corpuf- 
cles 
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cles of the air, or that fome fine particles of 
the flame, or other fubtil matter, came in to 
fill up to thofe intervals, which matter muft have 
entered the cavity of the glafs at its pores : and 
afterwards, when the red-hot bubble was re- 
moved from the flame, it is evident, that 
fince the groffer particles of the air could not 
get through the glafs, which they were not a- 
ble to do, even when vehemently agitated by 
an ambient flame, the compreffion of the bub- 
ble, and the condenfation of the air, which 
was neceffarily confequent upon it, could not, 
fuppofing the plenitude of the world, be per- 
formed without fqueezing out fome of the fub- 
tile matter contained in the cavity of the bub- 
ble, whence it could not iffue but at the pores 
of the glafs. But I will no longer detain you 
from Mr. Hobdes’s explications of the Machina 
Boyliana ; to the firft of which you may now, 
if you pleafe, advance. 

A. Tue paflage I was going to read, when 
you interrupted me, was this : 

B.Macuin a illacofdem effetius productt, quos 
produceret in loco non magno magnus inclufus 
VENUS. 

A. QuoMODO ingreditur iftuc ventus ? 
Machinam noftt cylindrum effe cavum, eneum, 
in quem protruditur cylindrus alius folidus lignets, 
corto tettus, (quem fuftorem dicunt) tla exquifi- 
té congruens, ut ne minimus quidem aer inter co- 
rium €F es intrare (ut putant) poffit. 

B. Scio, & qua futtor facilius intrudi pof- 
fit, foramen quoddam eft in fuperiori parte cy- 
lindri, per quod aer (qui fuctoris ingreffum alio- 
qui impedire pofft) emittatur. Quyod foramen 
aperire poffunt, €F claudere, quoties ufus poftulat. 
Eft etiam in cylindri cavi receffu fummo datus 
adttus aeri in globum concavum vitreum, quem 
etiam aditum claviculd obturare F aperire pof- 
funt, quoties volunt. Denique in globo vitreo 
fummo relinguitur foramen fatis amplum, (cla- 
vicula item claudendum &P recludendum) ut in 
illum, que volunt, immiltere pofint, experiendi 
causa. 

B. THe imaginary wind, to which Mr. 
Hobbes here abfcribes the effects of our engine, 
he formerly had recourfe to in the thirteenth 
page of his Dialogue ; and | have fufficiently 
anfwered that paflage of it in a part of my 
Examen, towhich I therefore refer you. 

A. I prefume, you did not overlook the 
comparifon Mr. Hobbes annexes to what I lait 
read out of the problems, fince he liked the 
conceit fo well, that we meet with it in his 
Dialogue De Natura Aeris. The words (as 
you fee) are thefe : Iota denique machina non 
multum differt, ft naturam ejus fpettes, a fclo- 
peto ex fambuco, quo pueri fe delettant, imitan- 
tes fclopetos militum, nifi quod major fit, 9 
majori arte fabricatus, &F pluris conftet. 

B. could fcarce, for the reafon you give, 
avoid taking notice of it. Andif Mr. Hobbes 
intended it for a piece of raillery, 1 willingly 
let it pafs, and could more eafily forgive him a 
more confiderable attempt than this, to be re- 
venged onan engine, thathas deftroyed feveral 
of his opinions : butif he ferioufly meant tomake 
a phyfical comparifon, I think he made a very 
improper one. For not to urge, that one 


may well doubt how he knows, that in the 
enclofed cavity of his pot-gun, there is a very 
vehement wind, fince that does not necctf- 
farily follow from the compreffion of the en- 
cluded air: in Mr. Hoddes’s inftrument, the 
air, being forcibly compreffed, has an endea- 
vour to expand itfelf, and when it is able to 
furmount the refiftance of its prifon, that part, 
that is firft disjoined, is forcibly thrown down- 
wards ; whereas in our engine it appears by the 
paffage lately cited of our Examen, that the air 
is not compreffed, but expanded, inour receiver, 
and if an intercourfe be opened, or the veffel 
be not ftrong enough, the outward air violent- 
ly rufhes in; and if the receiver chance to 
break, the fragments of the glafs are not 
thrown outwards, but forcibly inwards. 

A. So that, whether orno Mr. Hobbes could 
have pitched upon a comparifon more fuitable 
to his intentions, he might eafily have employ- 
ed one more fuitable to the phzenomena. 

B. I prefume, you will judge it the lefs a- 
greeable to the phenomena, if I here fubjoin 
anexperiment, that poffibly you will not dif 
like ; which I devifed to fhew, not only that 
in our exhaufted receivers there is no fuch 
{trong endeavour outwards, as moft of Mr. 
Flobbes’s explications of the things, that hap- 
pen in them are built upon, but that the weight of 
the atmofpherical air, when it is not refifted by 
the counterpreffure of any internal air, is able 
to perform what a weight of many pounds 
would not fuffice to do. 

A, \ fhall the more willingly learn an expe- 
riment to this purpofe, becaufe in your re- 
ceivers the rigidity of the glafs keeps us from 
feeing, by any manifeft change of its fioure, 
whether, if it could yield without breaking, 
it would not be preffed in, as your hypothefis 
requires. 

B. Tue defires to obviate that very diffi- 
culty, for their fatisfaction, that had not yet 
penetrated the grounds of our hypothefis, made 
me think of employing, inftead of a receiver, 
of glafs, one of a {tiff and tough, but yet fome- 
what flexible, metal. And accordingly, having 
provided a new pewter porringer, and whelm- 
ed it upfide down upon an tron plate, faftened 
to the upper end of our pnematical pump, 


we carefully faftened, by cement, the orifice to. 


the plate ; andthough the inverted veffel, by rea- 
fon of its ftiffnefs and thicknefs, and the con- 
vexity of its fuperficies, were {trong enough to 
have fupported a great weight without chang- 
ing its figure; yet, as foon as, by an exfuction 
or two, the remaining part of the included air 
was brought to fuch a degree of expanfion, 
that its weakened {pring was able to afford but 
little affiftance to the tenacity and firmnefs of 
the metal, the weight of the pillar of the in- 
cumbent atmofphere (which, by reafon of the 
breadth of the veffel, was confiderably wide al- 
fo) did prefently and notably deprefs the up- 


‘per part of the porringer, both lefiening its ca- 


pacity and changing its figure ; fo that, inftead 
of the convex furface, the receiver had before, 
it came to a concave one, which new figure 
was fomewhat, though not much, increafed 
by the further withdrawing of the included and 

already 
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already rarified air. The experiment fucceded 
alfo another common porringer of the fame 
metal. But in fuch kind of veffels, made pur- 
pofely of iron plates, it will fometimes fucceed 
and {ometimes not, according to the diameter 
of the veffcl, and the thicknefs of the plate, 
which was fometimes {trong enough, and fome- 
times too weak to refift the preffure of the in- 
cumbent air. And fometimes I found alfo, 
that the veffel would be thruft in, not at the 
top but fide-ways, in cafe that fide were the 
only part, that were made too thin to refift the 
prefiure of the ambient ; which phenomenon 
I therefore take notice of, that you may fee, 
that that powerful preffure may be exercifed la- 
terally as well as perpendicularly. , 

PeRH aps this experiment, and that I lately 
recited of an hermetically fealed bubble, by 
their fitnefs to difprove Mr, Hobdes’s doctrine, 
may do fomewhat towards the letting him fee, 
that he might have fpared that not over-modett 
and wary expreffion, where, {peaking of the 
gentlemen, that meet at Gre/ham-college, (of 
whom I pretend not to be one of the chief) he 
is pleafed to fay, Experimenta faciant quantum 
volunt, nif principtis utantur mets, nibil profi- 
cient, But let us, if you pleafe, pafs on to 
what he further alledges to prove, that the 
{pace in the exhaufted receiver, which the va- 
cuifts fuppofe to be partly empty, is full of 
alr. ideo, (fays A.) fi fuctor trudatur ufque 
ad fundum cylindri enet, obturenturque fora- 
mina, fecuturum effe, dum fudtor retrabitur, lo- 
cum in cylindro cavo relittum fore vacuum. 
Nam ut in locum eus fuccedat aer, eft impoffibile. 
To which B. anfwers, Credo equidem, fuétorem 
cum cylindri cavt fuperficie fatis ardé coberere 
ad excludendum ftramen & plumam, non autem ae- 
rem neque aquam. Cegita enim, quod non ita 
accuvaté congruerent, quin undiquaque interfti- 
ium relingueretur, quantum tenuiffimi capilli ca- 
pax effet. Retracio ergo fuctore, tantum im- 
pelleretur aeris, quantum viribus illis conveniret, 
quibus aer propter fudtoris retradtionem repri- 
guitur, idque fine omni difficultate fenfibili. 
Quanto autem interftitium illud minus effet, tan- 
tum ingrederetur aer velocius: vel fi contaétus 
fit, fed non per omnia puncla, etiam tunc intra- 
bit aer, modo fucior majore vi retrabatur. Po- 
firemo, etfi contatius ubique exactifimus fit, vi 
tamen fatis aucta per cochleam ferream, tum co- 
rium cedet, tum ipfum es; atque ita quoque in- 
gredietur aer. Credin’ tu, poffibile effe duas 
fuperficies ita exathé componere, ut has compo- 
fitas effe fupponunt illi,; aut corium ita durum 
effe, ut aeri, qui cochlee ope incutitur, nibil om- 
nino cedat? Corium, quanquam optimum, ad- 
muittit aquam, ut ipfe fcis, fi forte fecifti un- 
quam iter vento &F pluvia sipy® x} dipwO. 
Itaque dubitare non potes, quin retrattus fuctor 
tantum aeris in cylindrum adeoque in ipfum re- 
cipiens incutiat, quantum fufficit ad locum fem- 
per relitium perfecté implendum. LEffectus ergo, 
qui oritur a retrattione fudforis, alius non eft 
quam ventus (inquam) vebementiffimus, qui in- 
greditur undiquaque inter. fuGforis fuperficiem 
cenvexam, &S cylindri enei concavam, procedit- 
que (versa claviculd) in cavitatem globi vitrei, 
jive (ut vocatur) recipientis. 
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Tue fubftance of this ratiocination having 
been already propofed by Mr. Hobbes, in his 
dialogue of the air, the eleventh page, I long 
fince an{wered it in my Examen; and there- 
fore I fhall only now take notice ix tranfitu of 
fome flight, whether additions or variations, 
that occur in what you have been reading. 
And, firft, I fee no probability in what he gra- 
tis aflerts, that fo thick a cylinder of brafs, as 
made the chief part of the pump of our en- 
gine, fhould yield to the fucker, that was mo- 
ved up and down in it, though by the help 
of an iron rack. And whereas he adds, that 
the leather, that furrounds the more folid part 
of the fucker, would yield to fuch a force; it 
feems, that that compreffion of the leather 
fhould, by thrufting the folid parts into the 
pores, make the leather rather lefs, than more 
fit to give paflage to the air. Nor would it 
however follow, notwithftanding Mr. Hobses?s 
example, that, becaufe a body admits water, it 
muft be pervious to air; for I have feveral 
times, by ways elfewhere taught, made water 
penetrate the pores of bladders, and yet blad- 
ders refift the paffage of the air fo well, that 
even when air included in them was fufficiently 
rarified by heat, or by our engine, it was ne- 
ceffary for the air to break them before it could 
get out; which would not have been, if it 
could have efcaped through their pores. What 
Mr. Hobbes inculcates here again concerning 
his ventus vebementiffimus, you will find an- 
fwered in the place of my Examen J lately di- 
rected you to. , 

4, We may then proceed to Mr. Hobbes’s 
next explication, which he propofes in thefe 
terms : 

A. Causa video nunc unius ex machine 
mivabilibus, nimirum cur fultor, poftquam eft 
aliquatenus retrattus &P deinde amiffus, fubito re- 
currit ad cylindri fummitatem. Nam aer, qui 
vi magna fuit impulfus, rurfus per repercuffionem 
ad externa vi eadem revertitur. 

B. ATQUE hoc quidem argumenti fatis éft, 
etiam folum, quod locus a fudtore relittus nom 
eft vacuus. Quid enim aut aitrabere aut im- 
pellere fuctorem potuit ad locum illum, unde re- 
tratius erat, ft cylindrus fuiffet vacuus? Nam ut 
aeris pondus aliquod id efficere potuiffet, falfum 
elle fatis fupra demonftravi ab eo, quod aer in 
aere gravitare non poteft. Nofti etiam, quod 
cum € recipiente aerem omnem (ut illi loquuntur) 
exegerint, poffunt tamen trans vitrum id quod 
intus fit videre, EF fonum, fi quis fiat, inde au- 
dire. Id quod folum, etf nullum aliud argumen- 
tum effet (funt autem multa,) ad probandum, 
nullum effe ia rectpiente vacuum, abundeé fufficit. 

B. Here are feveral things joined toge- 
ther, which the author had before feparately 
alledged in his often-mentioned dialogue. The 
firft is, the caufe he affigns of the afcenfion of 
the fucker, forcibly depreffed to the bottom of 
the exhaufted cylinder, and then let alone by 
him that pumped ; to which might be added, 
that this afcenfion fucceeded, when the fucker 
was clogged with an hundred pound weight. 
This explication of Mr. Hobbes you will find 
examined in-my difcourfe. And as to his 

deny- 
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denying, that the weight or preffure of the air 
could drive up the fucker in that phzenomenon, 
becaufe the air does not weigh in air, we may 
fee the contrary largely proved in divers places 
of my Examen, and more particularly and 
exprefsly in the firft pages of the third 
chapter. And whereas he fays, in the laft 
place, that the vifibility of bodies included 
In our receivers, and the propagation of found, 
(which, by the way, 1s not to be underftood 
of all found, that may be heard, though made 
in the exhaufted receiver,) are alone fufficient 
arguments to prove no vacuum ; I have con- 
fidered that paffage in the anfwer I made 
to the like allegation, in a part of the 
. Examen; and fhall only obferve here, that, 
fince the vacuifts can prove, that much of the 
air is pumped out of the exhaufted receiver, 
and will pretend, that, notwithftanding many 
interfperfed vacuities, there may be in the re- 
ceiver corporeal fubftance enough to tranfmit 
light and ftronger founds, Mr. Hobbes has not 
performed what he pretended, if he have but 
barely proved, that there may be fubftances 
capable of conveying light and found in the 
cavity of our receiver, fince he triumphantly 
afferts, aullum effe in recipienti vacuum, But 
we may leave Mr. Hodédes and his adverfaries 
to difpute out this point, and go on to the next 
pafiage. 

4, WWuicn follows in thefe words : 

Ad illud autem, quod fi vefica aliquatenus in- 
flata in recipiente includatur, paulo poft per 
exultionem aeris inflatur vebementinus, €S dirum- 
pitur, quid refpondes ? 

B. Motus partium aeris undiquaque concur- 
rentium velocifimus (F per concurfum in fpatiis 
breviffimis numeroque infinitis gyrationis velocif- 

Sime veficam in locis innumerabilibus fimul &8 vi 
magna, inftar totidem terebrarum, penetrat , 
prefertim fi vefica, antequam immittatur, quo 
magis refiftat aliquatenus inflata fit. Poftquam 
autem aer penetrans femel ingreffus eff, facile 
cogitare potes, quo pacto deinceps veficam tendet, 
CF tandem rumpet. Veritm fi antequam rumpa- 
tur, verfa claviculd, aer externus admittatur, 
videbis veficam propter vehementiam motus tem- 
peratum diminuta tenfione rugofiorem. Nam id 
quoque obfervatum eff. ‘Fam fi bec, quam dixt, 
caufa minus tibi videatur verifimilis, vide an 
tu aut alius quicunque tmaginari potefi, quo 
patio vefica diftendi &P rumpi pofit a viribus 
vacui, id eft, mibilz. 

B. Tuts explication Mr. Hodes gives us in 
the 19th page of his dialogue De Natura aeris, 
and you may find it at large confuted in the 
latter part of the third chapter of my Examen. 
Nor does, what he here fays in the clofe about 
the wares vacui or nibili, deferve to detain us, 
fince there is no reafon at all, that che vacuifts 
fhould afcribe to nothing a power of breaking 
a bladder, of whofe rupture the fpring of the 
included air fupplies them fo eafily with a fuffi- 
cient caufe. 

ArTzerR what Mr. Hobbes has faid of the 
breaking of a bladder, he proceeds to an ex- 
periment, which he judges of affinity with it, 
and his academian having propofed this que- 
{tion : 

VoL. Ill. 
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Unde fit, ut ahimalia tam cito, nimirum {patio 
quatuor minutorum bore, in recipiente inter- 
Jiciantur ? 

For anfwer to it our author fays : 

B. Noune animalia fic inclufa infueunt in pul- 
mones aerem vebementiffinée inotum? quo mote 
neceffe eft, ut tranfitus fanguinis ab uno ad alterum 
cordis ventriculum interceptus, non multd poft 
Siftatur. Ceffatio autem fanguinis mors eft. Pof- 
funt tamen animalia ceffante fanguine revivifcere, 
fi aer externus fatis maturé intromittatur, vel 
ipfa in aerem temperatum, antequam refrixerit 
fanguis, extrabaniur. 

T’H1s explication is not probable enough, 
to oblige me to add any thing about it to what 
I have {aid in my Examen ; efpecially the moft 
vehement motion, afcribed to the air in the 
receiver, having been before proved to be an 
imaginary thing. You may therefore, if you 
pleafe, take notice of the next explication. 

[idem aer (lays he) in recipiente carbones 
ardentes extinguit, fed €&S illi, fi, dum fatis ca- 
lidi funt, eximantur, relucebunt. Notiffiunum 
eft, quod in fodinis carbonum terreorum (cujus 
ret experimentum i:fe vidi) fepiffime é lateribus 
fovee ventus quidam unciquaque exit, qui foffores 
interficit, ignemque extinguit, qui tamen revi- 
vifcunt, fi fatis cito ad aerem liberum extra- 
bantur. | | 

THis comparifon, which Mr. Hodes here 
fummarily makes, he more fully difplayed in 
his dialogue De Natura Aeris, and I confi- 
dered, what he there alledged, in my Examen. 
And though I will not contradiét Mr. Hoddes in 
what he hiftorically afferts in this paflage ; yet 
I cannot but fomewhat doubt, whether he 
mingles not his conjecture with the bare mat- 
ter of fact. For, though I have with fome 
curiofity vifited mines in more places than one, 
and propofed queftions to men, that have been 
converfant in other mines, both elfewhere and 
in England {and particularly in Derbyfbire 
where Mr. Hobbes lived long ;) yet I could 
never find, that any fuch odd and vehement 
wind, as Mr. Hobbes afcribes the phenomenon 
to, had been by them obferved to kill the 
diggers, and extinguifh well-lighted coals 
themfelves : and indeed, it feems more likely, 
that the damp, by its tenacity or fome pecu- 
liarly malign quality, did the mifchief, than a 
wind, of which I found not any notice taken ; 
efpecially fince we fee, what vehement winds 
men will be able to endure for a long time, 
without being near killed by thems; and that 
it feems very odd, that a wind, that Mr. 
Hobbes does not obferve to have blown away 
the coals, that were let down, fhould be able 
(inftead of kindling them more fiercely) to 
blow them out, 

A. Tue laft experiment of your engine, 
that your adverfary mentions in thefe pro- 
blems, 1s delivered in this paffage : 

A. Si phialam aque in recipiens dimiferis, 
exucto aere bullire videbis aquam. Quid ad boc 
re[pondebis ? 

B. Credo fané in tanta aeris motitatione fal- 
taturam effe aquam, fed ut calefiat, nondum audi- 
vi. Sed imaginable non eft, faltationem illam 
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B. Tuts phencmenon he likewiie took 
notice of, and attempted to explicate in his 
above-mentioned dialogue, which gave me 
occafion, to fhew, how unlikely it is, that the 
vehemen: motion of the air fhould be the caufe 
of it; but he here tells us, that it 1s not ima- 
ginable, that this dancing of the water (as he 
is pleafed to call it) proceeds from a vacuum, 
nor do I know any man, that ever pretended, 
that a vacuum was the efficient caufe of 1t. 
But the vacuifts perhaps will tell him, that, 
though the bubbling of the water be not an 
effect of a vacuum, it may be a proof of it 
again{t him ; for they will tell him, that it has 
been formerly proved, that a great part of the 
atmofpherical air is by pumping removed out 
of our exhaufted receiver, and conifequently 
can no more, as formerly, prefs upon the 
furface of the water. Nor does Mr. Hobbes 
fhew what fucceeds in the room of it; and 
therefore it will be allowable, for them to con- 
clude againft him (though not perhaps againft 
the Cartefians) that there are a great many 
interfperfed vacuities left in the receiver, which 
are the occafion, though not the proper effici- 
ent caufe of the phenomenon. For they will 
fay, that the fpringy particles of the yet in- 
cluded air, having room to unbend themfelves 
in the fpaces deferted by the air, that was 
pumped out, the aerial and fpringy corpuicles, 
that lay concealed in the pores of the water, 
being now freed from the wonted preflure, 
that kept them coiled up in the liquor, ex- 
panded themfelves into numerous bubbles, 
which becaufe of their comparative lightnefs, 
are extruded by the water, and many of them 
appear to have rifen trom the bottom of it. 
And Mr. Hobbes’s vehement wind, to produce 
the feveral circumftances of this experiment, 
miuft be a lafting one. For, after the agitation 
of the pump has been quite left off, provided 
the external air be kept from getting in, the 
bubbles will fometimes continue to rife for an 
hour after. And that, which agrees very well 
with our explication, and very ill wich that of 
Mr. Hobdes’s, 1s, that, when by having con- 
tinued to pump a competent time, the water 
has been freed from the aerial particles, that 
Jurked in it before, though one continue to 
pump as luftily as did, yet the water will not 
at all be covered with bubbles, as it was, the air, 
that produced them, being fpent; though, ac- 
cording to Mr. Hobées’s explications, the wind 
in the receiver continuing, the dance of the 
water fhould continue too. 

A. | eafily guefs, by what you have faid 
already, what you may fay of that epipho- 
nema, wherewith Mr. Hodes (in his 18th page) 
concludes the explications of the phenomena 
of your engine. [Spero jam te cerium effe, fays 
he, 2ullum effe machine illius phenomenon, quo 
demonftrari poteft ullum in univerfo locum dari 
cor pore oni vacuum. | 

B. Ir you gueffed aright, you gueffed, 
that I would fay, that as to the phenomena of 
my engine, my bufinefs was to prove, that he 
had not fubftituted good explications of them 
in the place of mine, which he was pleafed to 
reject. And as for the proving a vacuum by 
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the phenomena of my engine, though I de: 
clared, that was not the thing intended, yet 1 
fhall not wonder, that the vacuifts frould thinix 
thole phenomena give them an advantage 
againft Mr. Hobbes. For, though in the patf- 
{age recited by you he {peak more cauticutly than 
he is wont to do, yct, by what you may Lave 
already obierved in-his argumentations, tne 
way he takes to folve the phenomena cf our 
engine, 1s by contending, that our receiver, 
when we fay it 1s almoft exhaufted, is as full as 
ever (for he will have it perfectly full,) of com- 
mon air; which is a conceit fo contrary to I 
know not how many phenomena, that I do 
not remember I have met with or heard of 
any naturalift, whether vacuift or plenift, that 
having read my phyfico-mechanical experi- 
ments and his dialogue, has embraced his 
opinion. 

A. AFTER what you have faid, I will not 
trouble you with what he fubjoins about va- 
cuum in general, where having made his aca- 
demian lay, [Muanduin [cis finitum effe, 8 per 
confequens vacunm effe oportere totum illud fpa- 
tium, quod eft extra munduim infinitum. Quid 
impedit, quo minus vacuum illud cum aere mun- 
dano permifceatur?| he anfwers: De redus 
tranf{mundanis nibil fcio. » For 1 know, that it 
concerns not you to take notice of it. Bue 
poffibly the vacuifts will think he fathers upon 
them an impropriety they would not be guilty 
of, making them fpeak, as if they thought, 
the altra-mundan vacuum were a real fubftance, 
that might be brought into this world, and 
mingled with our air. And fince, for aught 
Iknow, Mr. Hodbes might have fpared this 
paffage, if he had not defigned it fhould intru- 
duce the flighting anfwer he makes to it; [ 
fhall add, that by the account Mr. Hoddes has 
given of feveral phenomena within the world, 
it is poffible, that the vacuifts may believe his 
profeffion of knowing nothing of things be- 
yond it. 

AFTER the Experimenta Boyliana (as your 
other adverfary calls them 3) Mr. Hobbes pro- 
ceeds to the ‘Torricellian experiment, of which 
he thus difcourfes : 

A. Quid de experimento cenfes Torricelliano, 
probante vacuum per argentum vivum hoc modo : 
eft in feq. figura ad A, pelvis, five aliud vas, 
&F in eo argentum vivum ufque ad Bs; eft autem 
CD tubus vitreus concavus repletus quoque ar- 
gento vrvo. Elune tubum fi digite obturaveris, 
erexeri/que in vafe A, manumque abftuleris, de- 
fcendet argentum vivum a C3 veriim non effun- 
detur totum in pelvim, fed fiftetur in diftantia 
quadam, pita in D. Nonne ergo neceffarium 
eft, ut pars tubi inter C &§ D fit vacua ? non 
enim puto negabis, quin fuperficies tubi concava 
EF argenti vivi convexa fe mutuo exquifitifimé 
conting ant. 

b. Ego neque nego contattum, neque vii con- 


fequentie intelligo. 


By which pafflage it feems, that he ftill per- 
fifts in the folution of this experiment, which 
he gave in his dialogue De Natura Aeris, and 
formerly did, for the main, either propofe, or 
adopt, in his elements of philofophy. 
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dered in my Examen, to which it may well 
fuffice me to refer you. But yet let me 
take notice of what he now alledges : 

B. Si quis’ (fays he) im argentum vivum, 
quod in vafe eft, veficam immerferit inflatam, 
noune illa amotd manu emerget ? 

A. Ita certe, etfi effet vefica ferrea vel ex 
materia quacunque preter aurum. 

B. Vides igitur ab aere penetrari poffe ar- 
gentuim vivum. 

A. Etiam, €F quidem illd ipfa vi, quam a 
pondere accipit argenti vivi. . 

I confefs this allegation did a little furprize 
me: it concerned Mr. Hobbes to prove, that 
as much air, as was difplaced by the defcend- 
ing mercury, did at the orifice of the tube, 
immerfed in ftagnant mercury, invifibly af- 
cend to the upper part of the pipe. To prove 
this he tells us, that a bladder full of air being 
depreffed in quick-filver, will, when the hand, 
that depreffed it, is removed, be fqueezed up 
by the very weight of the mercury, whence it 
follows, that air may penetrate quick-fulver. 
But I know not, who ever denyed, that air 
invironed with quick-filver may thereby be 
{queezed upwards ; but, fince even very {mall 
bubbles of air may be feen to move in their 
paffage through mercury, I fee not, how this 
example will at all help the propofer of it. For 
it is by mere accident, that the air included in 
the bladder comes to be buoyed up, becaufe 
the bladder itfelf is fo; and if it were filled 
with water inftead of air, or with {tone inftead 
of water, it would neverthelefs emerge, as 
himfelf confeffes it would do, if it-were made 
of iron, or of any matter befides gold, be- 
caufe all other bodies are lighter in fpecie 
than quick-filver. But fince the immerfion 
of the bladder is manifeft enough to the fight, 
I fee not how it will ferve Mr. Hodbes’s 
turn, who is to prove, that the air gets into 
the Torricellian tube invifibly ; fince it is 
plain, that even heedful obfervations can 
make our eyes difcover no fuch trajection of 
the air; which (to add that enforcement of 
our argument) muft not only pafs unfeen 
through the fuftained quick-filver, but muft 
likewife unperceivedly dive, in fpite of its 
comparative lightnefs, beneath the furface of 
the ponderous ftagnant mercury, to get in 
at the orifice of the erected tube. But let us, 
if you pleafe, hear the reft of his difcourfe 
about this experiment. 


A. THoucn it be fomewhat prolix, yet, 


according to my cuftom hitherto, I will give it 
you verbatim. 

B. Simut atque argentum vivum defcenderit 
aad D, altius erit in vafe A quam ante, nimi- 
ruin plus erit argenti vivi in vafe quam erat ante 
defcenfum, tanto quantum capit pars tubi C, D. 
Tanto quoque minus erit aeris extra tubum quam 
ante erat. Ille autem aer, qui ab argento vivo 
loco fuo extrufus eft, (fuppofitd univerfi plenitu- 
dine) quo abire poteft nift ad eum locum, qui in 
tubo inter C&S D a defcenfu argenti vivi relin- 
quebatur ? fed qué, inquies, vid in illum locum 
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grave liquiduin, fut ipfius pendere, cere ay, ques 
defcendendo preimit, afceutere cozit (fi via airs 
non detur) per fuum ipfius corps 5 ita quo- 
que aerem quem premit afceudento, (fi via alia 
non detur) per fictim ipfius corpus iranfire cogit. 
Manifefium igitur ot, fuppofitd mundi plenitis- 
dine poffe acvem externum ab ipfa gravitate ar- 
genti vivt cogt im locum ilium inter C & D. 
Ltaque phenomenon tlud neceffitatem vacni nen 
demonfirat. Quoniam autem corpus argenti vivi 
penetrationt, que fit ab aere, non nibil refftic, 
CP afcenfioni argenti vivi in vafe A refiftit aer , 
quando tlle due refiftentiec equales erunt, tunc in 
tubo fifietur alicubt argentum vivum 3 atque ibi 
eft D. 

B. Iw anfwer to this explication I have in 
my Examen propofed divers things, which you 
may there meet with: and indecd his explica- 
tion has appeared fo improbable to thofe, that 
have written of this experiment, that I have 
not found it embraced by any of them, though, 
when divers of them oppofed it, the phzno- 
mena of our engine were not yet divulged. 
Not then needlefly to repeat what has been 
faid already, I fhall on this occafion only add 
one experiment, that I afterwards made, and 
it was this: having made the Torricellian ex- 
periment (in a ftraight tube) after the ordinary 
way, we tool a little piece of a fine bladder, 
and raifing the pipe a little in the {tagnant mer- 
cury, but not fo high as the furface of it, the 
piece of bladder was dexteroufly conveyed in 
the quick-filver, fo as to be applied by one’s 
finger to the immerfed orifice of the pipe, 
without letting the air get into the cavity of it; 
then the bladder was tied very ftraight and 
carefully to the lower end of the pipe, whofe 
orifice, as we faid, it covered before, and 
then the pipe being flowly lifted out of the 
{tagnant mercury, the impendent quick-filver 
appeared to lean but very lightly upon the 
bladder, being fo near an exact zequilibrium 
with the atmofpherical air, that, if the tube 
were but a very little inclined, whereby the 
gravitation cf the quick-filver, being not fo 
perpendicular, came to be fomewhat leffened, 
the bladder would immediately be driven into 
the orifice of the tube, and to the eye, placed 
without, appear to have acquired a concave 
fuperficies inftead of the convex it had before. 
And when the tube was re-erected, the bladder 
would no longer appear fucked in, but be a- 
gain fomewhat protuberant. And if, when 
the mercury in the pipe was made to defcend a 
little below its ftation into the ftagnant mercu- 
ry, if, I fay, at that nick of time, the piece 
of bladder were nimbly and dexteroully ap- 
plied, as before, to the immerfed orifice, and 
faftened to the fides of the pipe, upon the lift- 
ing the inftrument out of the ftagnant mer- 
cury, the cylinder of that liquor being now 
fomewhat fhort of its due height, was no long- 
er able fully to counterpoife the weight of the 
atmofpherical air, which confequently, though 
the glafs were held in an erected pofturc, 
would prefs up the bladder into the orifice of 
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the pipe, and both make and maintain there 
a cavity fenfible both to the touch and the eye. 

A. Wuart did you mainly drive at in this 
experiment ? 

B. To fatisfy fome ingenious men, that were 
more diffident of, than fkilful in hydroftaticks, 
that the preffure of the external air is capable 
of fuftaining a cylinder of twenty-nine or thir- 
ty inches of mercury; and upona {mall leffen- 
ing of the gravitation of that ponderous liquor, 
to prefs it up higher into the tube. But a far- 
ther ufe may be made of it againft Mr. Hobdes’s 
pretenfion. For, when the tube is again erect- 
ed, the mercury will fubfide as low as at firft, 
and leave as great a {pace as formerly was left 
deferted at the top; into which, how the air 
fhould get to fill. it, will not appear eafly to 
them, that, like you and me, know by many 
trials, that a bladder will rather be burft by air 
than grant it paflage. And if it fhould be 
pretended, either, that fome air from without 
had yet got through the bladder, or, that the 
air, that they may prefume to have been juft 
before included between the bladder and the 


mercury, made its way from the lower part of 


the inftrument to the upper; it 1s obvious to 
anfwer, that it is no way likely, that it fhould 
pafs all along the cylinder unfeen by us; 
{ince when there are really any aerial bubbles, 
though fmaller than pins heads, they are eafily 
difcernible. And in our cafe, there is no fuch 
refiftance of the air to the afcenfion of the 
{tagnant mercury, as Mr. Hodes pretends in 
the Torricellian experiment made the ufual 
way. 

zs But, whatever becomes of Mr. Hobdes’s 
explication of the phanomenon ; yet may not 
one ftill fay, that it affords no advantage to 
the vacuifts again{t him ? 

B. WHETHER or no it do againft other 
Plenifts, I fhall not now confider; but I 
doubt, the vacuifts will tell Mr. Hobbes, that 
he is fain in two places of the explication, we 
have read, to fuppofe the plenitude of the 
world, that is, to beg the thing in queftion, 
which it is not to be prefumed they will al- 
low. 

A. Bu't may not Mr. Hodées fay, that it ts 
as lawful for him to fuppofe a plenum, as for 
them to fuppofe a vacuum. 

B. I think he may juftly fay fo; but it ts 
like they will reply, that, in their way of ex- 
plicating the Torricellian experiment, they do 
not fuppofe a vacuum as to air, but prove 
it. For they fhew a great fpace, that having 
been juft before filled with quickfilver, is now 
deferted by it, though it appeared not, that 


‘ any air fucceeded in its room; but rather, that 


the upper end of the tube, is either totally, or 
near totally fo devoid of air, that the quick- 
filver may without refiftance, be barely in- 
clining the tube, be made to fill it to the 
very top: whereas, Mr. Hobées is fain to have 
recourfe to that, which-he knows they deny, 
the plenitude of the world, not proving by any 
jenfible phanomena, that there did get in, 
through the quickfilver, air enough to fill 
the deferted part of the tube, but only con- 


cluding, that fo much air muft have got in 
there, becaufe, the world being full, it could 
find no room any where elfe ; which the va- 
cuifts will take for no proof at all, and the 
Cartefians, though Plenifts, who admit an 
etherial matter capable of paffing through the 
pores of glafs, will, I doubt, look upon but 
as an improper explication. 

A. | remember on this occafion another ex- 
periment of yours, that feems unfavourable 
enough to Mr. Hobes’s explication ; and you 
will perhaps call it to mind, when I tell yous 
that it was made in a bended pipe almoft filled 
with quickfilver. 

B. To fee, whether we underftand one ano- 
ther, I will briefly defcribe the inftrument I 
think you mean. We took a cylindrical pipe 
of glafs, clofed at the upper end, and of that 
length, that being dexteroufly bent at fome 
inches from the bottom, the fhorter lez was 
made as parallel, as we could, to the longer : in 
this glafs we found an expedient, (for it is not 
eafy to do,) to make the Torricellian experi- 
ment, the quickfilver in the fhorter leg ferving 
inftead of the ftagnant quickfilver in the ufual 
barofcope, and the quickfilver in the longer 
leg reaching above that in the fhorter, about 
eight or nine and twenty inches. Then, by 
another artifice, the fhorter leg, into which the 
mercury did not nfe within an inch of the 
top, was fo ordered, that it could in a trice 
be hermetically fealed, without difordering the 
quickfilver. And this is the inftrument, that 
I cuefs you mean: 

A. \r is fo, and I remember, that it is 
the fame with that, which in the paradox about 
fuction you call, whilft the fhorter leg remains 
unfealed, a travelling barofcope. But when 
I faw you’ make the experiment, that leg was 
hermetically fealed, an inch of air in its na- 
tural or ufual confiftence being left in the up- 
per part of it, to which air you outwardly ap- 
plied a pair of heated tongs. 

B. Yet that, which I chiefly aimed at in the- 
trial, was not the phenomenon I perceive you 
mean; for my defign was, by breaking the 
ice for them, to encourage fome, that may 
have more fkill and accommodation than J 
then had, to make an attempt, that I did not 
find to have been made by any; namely, to 
reduce the expanfive force of heat in every 
way included air, if not in fome other bodies 
alfo, to fome kind of meafure, and, if it were 
poffible, to dermine it by weight. And I pre- 
fumed, that, at leaft, the event of my trial 
would much confirm feveral explications of 
mine, by fhewing, that heat is able, as long 
as it lafts, very confiderably to encreafe the 
{pring or preffing power of the air. And in 
this conjecture I was not miftaken ; for, having 
fhut up, after the manner newly recited, a de- 
terminate quantity of uncomprefied air, which 
(in the experiment you faw) was about one 
inch; we warily held a pair of heated tongs 
near the outfide of the glafs, (without making 
it touch the inftrument, for fear of breaking 
it,) whereby the air being agitated, was en- 
abled to expand itfelf to double its former di- 
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menfions, and confequently had its fpring fo 
{trengthened by heat, that it was able to raife 
all the quickfilver in the longer leg, and keep 
up, or fuftain, a mercurial cylinder of about 
nine and twenty inches high, when, by its ex- 
panfion, ic would, if it had not been for the 
heat, have loft half the force of its elafticity: 
But whatever I defign in this experiment, pray 
tell me, what ufe you would make of it againft 
Mr. Hodbdes. 

A, \ believe, he will find it very difficult 
to fhew, what keeps the mercury fufpended 
in the longer leg of the travelling barofcope, 
when the fhorter lee is unftopped, at which it 
may run out; fince this inftrument may, as I 
have tried, be carried to diftant places, where 
it cannot with probability be pretended, that 
any air has been difplaced by the fall of the 
quickfilver in the longer leg, which perhaps 
fell long before above a mile off. And when 
the fhorter leg is fealed, it will be very hard 
for Mr. Hobbes to fhew there the odd motions 
of the air, to which he afcribes the Torricellian 
experiment. For, if you warily incline the 
inftrument, the quick-filver will mfe to the 
top of the longer leg, and immediately fubfide, 
when the inftrument 1s again erected, and yet 
no air appears to pafs through the quick-filver 
interpofed between the ends of the longer and 
the fhorter lee. But that, which I would 
chiefly take notice of in the experiment, is, 
that upon the external application of a hot bo- 
dy to the fhorter leg of the barofcope, when 
it was fealed up, the included air was expand- 
ed from one inch to two, and fo raifed the 
whole cylinder of mercury in the longer leg, 
and, whilft the heat continued undiminilhed, 
kept it from fubfiding again. For, if the air 
were able to get unfeen through the body of 
the quick-filver, why had it not been much 
more able, when rarified by heat, to pafs 
through the quick-filver, than for want. of do- 
ing fo to raife and fuftain fo weighty a cylin- 
der of mercury? I fhall not ftay to enquire on 
this occafion, how Mr. Hobdes will, according 
to his hypothefis, explicate the rarefaction of 
the air to double its former dimenfions, and 
the condenfation of it again; efpecially fince, 
afferting that part of the upper leg, that is 
unfilled with the Quick-filver, to be perfectly 
full of air, he affirms that, which I doubt he 
cannot prove, and which may very probably 
be difproved by the experiment you mention 
in the difcourfe about fuction, where you fhew, 
to another purpofe, that in a travelling ba- 
rofcope, whofe fhorter leg is fealed, if the 
end of the longer leg be opened, whereby it 
comes indeed to be filled with air, the preffure 
of that air will enable the fubjacent mercury 
notably to comprefs the air included in the 
fhorter leg. 

B. I leavé Mr. Hobbes to confider what 
you have objected againft his explication of 
the Torricellian experiment ; to which I hall 
add nothing, though, perhaps, I could add 
much, becaufe I think it may be well fpared, 
and our conference has lafted long already. 


4. \ will then proceed to the laft experi- 
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ment recited by Mr. Hobdes in his problemata 


de vacuo. 
A. Si phialam, collum babentem longiufculum, 
eandémque omni corpore preter cerem vacuam cre 
Jugas, continuoque phiale os aqua immergas, Vt- 
debis aquam aliquoufque afcendere in phrialam. 
Qui fieri hoc poteft, nifi fatium fit vacuum ab 
exuctione aerts, in cujus locum poffit aqua illa af- 
cendere 
B. Conceffo vacuo, oportet quedam loca vacua 
fuiffe in illo aere, etiam qui erat intra phialam 
ante fucitonem. Cur ergo nou afcendebat aqua 
ad ea implenda abfque futtione? is qui fugit 
phialam, neque in ventrem quicquam, neque in 
pulmones, neque in os é phiala exugit. Quid er- 
goagit? derem commovet, &F in partibus ejus 
conatum fugendo efficit per os exeundi, €F non 
admittendo, conatum redeundi. Ab bis conatibus 
contrartis componitur circumitio intra phialam, €9 
conatus exeundi quaquaverfum. Ttaque phiale ore 
aque tmmerfo, aer in fubjetiam aquam penetrat é 
phiala egrediens, €P tantundem aque in phialam 
cogit. 
Preterea vis illa magua fultionis facit, ut 
Jugentis labra cum collo phiale aliquando aréif- 


Simé cobereant propter contattum exquifitiffimum. 


B. As to the firft claufe of Mr. Hobdes’s ac- 
count of our phenomenon, the vacuifts will 
eafily anfwer his queftion, by acknowledging, 
that there were indeed interfperfed vacuities in 
the air contained in the vial before the fuétion ; 
but they will add, there was no reafon, why 
the water fhould afcend to fill them, becaufe, 
being a heavy body, it cannot rife of itfelf, 
but muft be raifed by fome prevalent weight 
or prteffure, which then was wanting. Befides, 
that there being interfperfed vacuities as well 
in the reft of the air, that was very near the 
water, as in that contained in the vial, there 
was no reafon, why the water fhould afcend 
to fill the vacuities of one portion of air rather 
than thofe of another. But when once by 
fuction a great many of the aerial corpufcles 
were made to pafs out of the vial, the {pring 
of the remaining air being weakened, whilft 
the preffure of the ambient air, which depends 
upon its conftant gravity, is undiminifhed, the 
{pring of the internal becomes unable to refift 
the weight of the external air, which is there- 
fore able to impel the interpofed water, with 
fome violence, into the cavity of the glafs, un- 
til the air, remaining in that cavity, being re- 
duced almoft to its ufual denfity, is able, by 
its {pring, and the weight of the water got up 
into the vial, to hinder any more water from 
being impelled up. For, as to what Mr. 
Flobbes affirms, that, Is qui fugit phialam neque 
in ventrem quicquam, neque in pulmones, neque 
in os quicquam exugit ; how it will agree with 
what he elfewhere delivers about fuction, I 
leave him to confider. But'I confefs, I cannot 
but wonder at his confidence, that can pofi- 
tively affert a thing fo repugnant to the com- 
mon fentiments of men of all opinions, with- 
out offering any proof for it. But I fuppofe, 
they, that are by trial acquainted with fucking, 
and have felt the air come in at their mouths, 
will prefer their own — to his autho- 
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rity. And as to what he adds, that the per- 
fon, that fucks, agitates the air, and turns it 
within the vial into a kind of circulating wind, 
that endeavours every where to get out; I 
wifh, he had fhewn us by what means a man, 
that fucks, makes this odd commotion of the 
air; efpecially in fuch vials as I ufe to employ 
about the experiment, the orifice of whole 
neck is fometimes lefs than a pin’s head. 

A, Tuat there may be really air extracted 
by fuction out ofa glais, methinks you might 
argue from an experiment I faw you make 
with a receiver, which was exhaufted by your 
pump, and confequently by fuction. For I 
remember, when you had counterpoiled it 
with very good fcales, and afterwards by turn- 
ing a ftop-cock, let in the outward air, there 
rufhed in as much air to All the fpace, that 
had been deferted by the air pumped out, as 
weighed fome fcruples (confifting of twenty 
orains a-p’cce) though the receiver were not of 
the lareeit fize. 

B. You did well to add that clauft; for, the 
Magdeburgic experiment, mentioned by the in- 
duftrious Scbottus, having been made with a 
vatt receiver, the re-admitted air amounted to 
a whole cunce and fome drachms. But to re- 
turn to Mr. Hobbes, 1 tear not, that he will per- 
fuade you, that have fcen the experiment he re- 
cites, that as foon as the neck of the vial is un- 
{topped under water, the air, that whirled about 
before, makes a fally out, and forces in as much 
water. For, if the orifice be any thing large, 
you will, inftead of feeling an endeavour to 
thruft away your finger, that {topped it, find the 
pulp of your finger fo thru inward, that a Pe- 
ripatetick would affirm, that he fule it fucked in. 
And that intrufion may be the reafon, why the 
lip of him, that fucks, is oltentimes flrongly 
faftened to the orifice of the vial’s neck, which 
Mr. [Zobdes aicribes to a moft exquilite con- 
tact, but without clearly teiling us, how that 
extraordinary contact 1s cfiected. And when 
your finger is removed, inflcad of perceiving 
any air go out of the vial through the watcr, 
(which, if any fuch thing happen, you will ca- 
fily difcover by the bubbles,) you fhall fve the 
water brifkly {pring up ina flender ftream to 
the top of the vial, which it could not do, if 
the cavity were already full of air, And to 
Iet you fee, that when the air docs really pats 
in or out of the vial immerfed under water, it 
is very ealy to perceive its motions, if you dip 
the neck of the vial in water, and then apply 
to the globulous part of it cither your warm 
hands or any other competent heat, the inter- 
nal air being rarified ; you fhall fee a portion 
of it, anfwerable to the degree of heat you ap- 
plied, manifeftly pafs through the water in fuc- 
cefiive bubbles, whilft yet you fhall not fee any 
water get into the vial to jupply the place de- 
ferted by that air. And if, when you have (as 
you may do by the help of fucking) filled the 
neck and part of the belly of the vial with wa- 
ter, you immerfe the orifice into ftagnant wa- 
ter, and apply warm hands to the globulous 
part as before, you will find the water in the 
vial to be driven out, before any bubbles pafs 
out of the vial into the furrounding water , 


which fhews, that the air is not fo fonvard to 
dive under the water, and much lefs under 
{fo ponderous a liquor as quickfilver,) as Mr. 
Hobbes has fuppofed. 

A, THAT itis the preffure of the external 
air, that ({urmounting the {pring of the inter- 
nal) drives up the water into the vial we have 
been {peaking of, does, I confefs, follow upon 
your hypothelis : but an experimentarian phi- 
lofopher, as Mr. Hobbes calls you among o- 
thers, may poffibly be furnifhed with an expe- 
riment to confirm this to the eye. 

B. You bring into my mind what I once 
devifed to confirm my hypothefis about fuétion, 
but found a while fince, that I had omitted it in 
my ditcourfe about that fubjeét. And therefore 
I fhall now repeat to you the fubftance at leat 
of the memorial, that was written of that expe- 
riment, Ly which the great intereft of the weight 
of the atmofpherical air in fuétion will appear, 
and in which alfo fome things will occur, that 
will not well agree with Mr. Hebébes’s explica- 
tion, and prevent fomne cf his aliegations a- 
gain{t mine. 

4, FHavine not yet met with an experi- 
ment of this nature, fuch an one, as you {peak 
of, will be welcome to me. 

B.We took a glafs bubble, whofe long ftcem was 
both very flender and very cylindrical; then by 
applying to the outfide of the ball or globulous 
part a convenient heat, we expelled fo much of 
the air, as that, when the end of the pipe was 
dipped in water, and the inward air had time 
to recover its former coolnefs, the water afcend- 
ed cither to the top of the pipe or very near it. 
This done, we gently and warily rarified the 
air in the cavity of the bubble, ’tll by its ex- 
panfion it liad driven out almoit all the water, 
that had got up into the ftem, that fo ic might 
attain, as near as could be, to that degrec of heat 
and mvalure of expanfion, that it had when the 
water began to me init, And we were care- 
ful to leave two or three drops of water unex- 
pelled at the bottom of the pipe, that we mighe 
be fure, that none of the included air was by 
this fecond rarefaction driven out at the orifice 
of it; as the depreffion of the water fo low 
affured us, on the other fide, that the included 
air wanted nothing confiderable of the expan- 
fion it had when the water began to afcend in- 
to the pipe. Whilft the air was in this rarified 
ftate, we prefently removed the little inftru- 
ment out of the ftagnant water into ftagnant 
quickfilver, which in a fhort time began to rife 
in the pipe. Now, if the afcenfion of the h- 
quor were the effect of nature’s abhorrence of a 
vacuum ; or of fome internal principle of mo- 
tion ; or of the compreffion and propagated 
pulfion of the outward air by that, which had 
been expelled; why fhould not the mercury 
have afcended to the top of the pipe, as the 
water did before ? But de faéo it did not afcend 
half, or perhaps a quarter fo far; and if the 
pipe had been long enough, as well as it was 
lender enough, T queftion, whether the mer- 
cury would have afcended (in proportion to the 
leneth of the ftem) half fo high as it did. 

Now of this experiment, which we tried 
more than once, [ {ce not, for the reafon lately 
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expreffed, how any good account will be given 
without our hypothefis, byt according to that 
it is clear. 

4, I think I perceive, why you fay fo; for 
the afcenfion of liquors being an effeét of the 
prevalency of the external air’s preflure again{t 
the refiftance it meets with in the cavity of the 
inftrument, and the quickfilyer being bulk for 
bulk many times heavier than water, the fame 
furplufage of preffure, that was able to impel up 
water to the top of the pipe, ought not to be 
able to impel up the quickfilver to any thipg 
near that height. And if it be here obje¢ted, 
as it very-plaufibly may be, that the raifed 
cylinder of mercury was much longer than it 
ought to have been in reference to a cylinder 
of water, the proportign in gravity between thofe 
two liquors (which is almoft that of fourteen to 
to one) being confidered ; I anfwer, that when 
the cylinder of water reached to the pipe, the 
air poffeffed-no more than the cavity of the glo- 
bulous part of the inftryment, being very little 
affifted to dilate itfelf by fo light a cylinder as 
that of water: but when the quiekfilver came 
to be impelled into the inftrument by the weight 
of the external air, that ponderous bady did nat 
{top jts afcent as foon as it came to be equipen- 
derant to the formerly expelled cylinder of wa- 
ter; becaufe, to attain that height, it reached 
but a little way into the pipe, and left all the 
reft of the cavity of the pipe to be filled with 
part of that air, which formerly was all fhut up 
in the cavity of the bubble ; by which means the 
air, included in the whole inftrument, muft needs 
be in a ftate of expanfion, and thereby have its 
{pring weakened, and confequently difabled to 
refift the preffure of the external air, as much 
as the fame included air did before, when it 
was lefs rarified; on which account, the undi- 
minifhed weight or preffure of the external air 
was able to raife the quickfilver higher and 
higher, till ic had obtained that height, at which 
the preflure, compounded of the weight of the 
mercurial cylinder, and the {pring of the inter- 
nal air (now lefs rarified than before,) was equi- 
valent to the preffure of the atmofphere or ex- 
ternal air. 

B. You have given the very explication I 
was about to propofe ; wherefore I fhall onjy 
add, that, to confirm this experiment by a kind 
of inverfion of it, we drove by heat a little air 
out of the bubble, and dipped the open end of 
the pipe into guickfilver, which by this means 
we made to afcend, till it had filled about a 
fourth part, or lefs, of the pipe, when that was 
held erected. ‘Then carefully removing it with- 
out letting fall any quickfilver, or letting in any 
air, we held the orifice of the pipe a little un- 
der the furface of a glafs full of water, and ap- 
plying a moderate heat to the outfide of the 
ball, we warily expelled the quickfilver, yet 
leaving a little of it to make it fure, that no 
air was driven out with it; then fufferinge the 
included air to cool, the external air was found 
able to make the water not only afcend to the 
very top of the pipe, and thence fpxead wsfelf 
a little into the cavity of the ball, hut to canry 
up before it the quickfilver, that had remained 
unexpelled at the bottom of ghe item. And if 


i making: the experiment we had firft raifed, 
as we fometimes did, a greater quantity of quick- 
filver, and afterwards drove it gut, the quantity 
ef water, that would be impelled into the ¢a- 
vity of the pipe and ball, would be accordingly 
increafed. 

A, In this experiment it is manifeft, that 
fomething is driven out of the cavity of the 
glafs, before the water or guickfilver begins to 
afcend in it: and here alfo we fee nat, that the 
air can pafg thrqugh the pores of quickfilyer ar 
water, byt that it drives them on before it, 
without fenfibly mixing with them, In this 
experiment there appears not at al] any circu- 
lar wind, as Mr. Afoddes fancies in the fucked 
vial we are difputing of, nor any tendency aut- 
wards af the included aig upon the aggoynt 
of fuch a wind; but, inftead of thefe things, 
that the afcenfion of the liquers into the gayity 
ef the pipe depends upon the exterpal air, 
preffing up the liquors into that cavity, may he 
argued by this, that the fame weight of the at- 
mofphere impelled up ipta the pipe fg much 
more of the lighter liquer, water, than of the 
heayier liquor, mercury. 

B&. You hawe faid egough on this experi- 
ment; but jf is not the pply I have to oppofe 
to Mr. Habpes his explication: for, that there 
is no need of the fallying of air out of a vial, 
to make the atmofpherical air prefs againft a 
body, that clofes the orifice of it, when thé 
preffure of the internal air is much weakened ; 
I have had occafion to fhew fome virtuofi, by 
fucking out, with the help of an inftrument, a 
confiderable portion of the air contained in a 
glafs; for having then, inftead of unftopping 
the orifice under water, nimbly applied a flat 
body to it, the external air preffed that body 
fo forcibly againft it, as to Ixeep it faftened and 
fufpended, though it were clogged with a 
weight of many ounces. 

A, ANOTHER experiment of yours Mr. 
Hobbes’s explication brings into my mind, by 
which it appears, that, if there be fuch a cir- 
cular avind, as he pretends, produced by fuc- 
tion in the cavity of the vial, it muft needs be 
firangely lafting. For I have feen more than 
ence, ‘that, when you have by an inftrument 
fiacked much of the air out of a vial, and after- 
wards carefully clofed it, though you kept the 
flender neck of it {topped a long time, perhaps 
for fome weeks or months, yet when it was 
opened under water, a confiderable quantity of 
the liquor would be brifkly impelled up into 
the neck and belly of the vial. So that, though 
J will not be fo pleafant with Mr. Hodes, as to 
mind you on this occafion of thofe writers of 
natural magick, that teach us to fhut up arti- 
culate founds in a veffel, which being tranfport- 
ed to a diftant place, and opened there, will 
render the words, that are committed to it ; yet 
I muft needs fay, that fo lafting a circular wind, 
as, according to Mr. Hobbes, your experiments 
exhibited, may well deferve our wonder. 

B. Your admiration would perchance in- 
cueafe, if I fhould affure you, that, having 
with the dynazbeams produced {moke in one of 
thode wellditepped vials, this circular wind did 
not at all appear to blow it about, but fuffered 
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it to rife, as it would have done if the incuded 
air had been very calm. And now I fhall add 
but one experiment more, which will not be 
liable to fome of the things, as invalid as they 
are, which Mr. Hoddes has alledged in his ac- 
count of the vial, and which will let you fee, 
that the weight of the atmofpherical air is a 
very confiderable thing ; and which may alfo 
incline you to think, that, whilft Mr. Hoddes 
does not admit a fubtiler matter, than common 
air, to pafs.through the pores of clofe and folid 
bodies, the air, he has recourfe to will fome-, 
times come too late to prevent a vacuum. The 
experiment, which was partly accidental, I 
Jately found regiftered to this fenfe, if not in 
thefe words : [Having, to make fome difcovery 
of the weight of the air, and for other pur- 
pofes, caufed an zolipile, very light, confider- 
ing its bulk, to be made by a famous artift, I 
had occafion to put it fo often into the fire for 
feveral trials, that at length the copper fcaled 
off by degrees, and left the veffel much thinner 
than when it firft came out of the artificer’s 
hands; and a good while after, this change in 
the inftrument being not in my thoughts, I had 
occafion to employ it, as formerly, to weigh 
how many grains it would contain of the air at 
fuch a determinate conftitution of the atmo- 


{fphere, as was to be met with, where I then 
chanced to be. For the making this experi- 
ment the more exactly, the air was, by a ftrone 
but warily applied fire, fo carefully driven a- 
way, that, when clapping a piece of fealing- 
wax to the pin-hole, at which it had been 
forced out, we hindered any communication 
betwixt the cavity of the inftrument and the 
external air, we fuppofed the zolipile to be 
very well exhaufted, and therefore laid it by, 
that, when it fhould be grown cold, we might, 
by opening the orifice with a pin, again let in 
the outward air, and obferve the encreafe of 
weight, that would thereupon enfue: but the in- 
{ftrument, that, as I was faying, was grown 
thin, had been fo diligently freed from air, that 
the very little that remained, and was kept by 
the wax from receiving any affiftance from 
without, being unable, by its {pring, to affift the 
zolipile to fupport the weight of the ambient 
air; this external fluid did, by its weight, prefs 
againft it fo ftrongly, that it comprefied it, and 
thruft it fo confiderably inwards, and.in more 
than one place fo changed its figure, that, when 
I fhewed it to the virtuofi, that were affembled 
at Grefbam.college, they were pleafed to com- 
mand it of me to be kept in their repofitory, 
where I prefume it is ftill to be feen. 
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AVING, about twelve years ago, fum- 
Hi thafily exprefléd and publifhed my 
opitiion of the caufe of fuction, and a 

While before, of after, brought to the Royal So- 
ciety the glafs inftrument I employed to make 
it out; I defifted for fome time to add any 
thing about:4 problem, that I had but occa- 
fionally handled: only, becaufe the inftrument, 
I mentioned in my Examen of Mr. Hobdes’s 
opinion, and afterwards ufed at Grefbam-college, 
was difficult enough to be well madé, and not 
to be procured ready made, I did, for the fake 
of fome virtuofi, that were cuttious of fuch 
things, devife a flight and eafy made in- 
flrument, defcribed in the following tract; 
chap. iv. in which the chief phenomena, | 
fhewed before the Society, were eafily produ- 
cible. But afterwards the miftakes and erro- 
Reous Opinions, that in prifit, as well as in dit 
courfe, I met with, even among the learned 
men, about fuction, ‘and the curiofity of an in- 
genious petfon, engaged me to refume that 
fubject and treat of it, as if I had.never before 
meddled with it, for the reafon intimated in the 
beginning of the enfuing paper. And finding; 
upoh the review of my latter Animadverfions 
on Mr. Hobdes’s Problemata de Facuo, that 
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fome paffages of this tractare referred to there, 
I faw myfelf thereby little lefs than engaged to 
annex that difcourfe to thofe animadverfions, 
And this I the rathet confented to, becaufe it 
contains fome experiments, that I have not 
elfewhere met with, which, together with fome 
other parts of that effay; may, I Rope, prove 
of fome ufe to illuftrate and confirm our doc: 
trine about the weight and {pring of the air, 
and fupply the lefs experienced than ingenious 
friends to our hypothefis, with more grounds 
of anfwering the latter objedtions of fome leatn+ 
ed men, againft whofe endeavours I perceive it 
will be ufefil'to. employ varietyof experimierité 
and other proofs, to evince the fame truth; 
that fome or other of thefe may meet with thofe 
arguments o¥ evafions, with which they ftrive 
to elude the force 6f the reft. 
Tue title of the following effay may fuffia 
ciently kéep the readet from expecting to find 
any: other kind! of attraction difcourfed of, than 
that which is made by fuction. But-yet thus 
much I fhall here intimate in general, that I 
have found by trials purpoiély made, that the 
examples of fuction are not the only noted ones 
of atttaction, that may be reduced to pulfion. 
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in giving you that account you defire of me 

about fuction, byreferring you to a paflage 
in my Examen, I long fince writ, of Mr. 
Hobbes’s Dialogus Phyficus de Natura Aeris, if 
I knew you had thofe two books lying by you. 
But becaufe I fufpect, that my Examen may 
mot be in your hands, fince it is almoft out of 
sprint, and has not for fome years been in my 
own and becaufe I do not fo well remember, 
after fo long a time, the particulars, that I 
writ there about fuction, as I do in general, 
that the Hypothefis I propofed, was very inci- 
dentally and briefly difcourfed of, upon an 
occafion miniftered by a wrong explication 
given of fuction by Mr. Hobbes, 1 fhall here 
decline referring you to what I there writ; and 
propofing to you thofe thoughts about fuction, 
that I remember I there pointed at, I fhall an- 
nex fome things to illuftrate and confirm them, 
that would not have been fo proper for me to 
have infifted on in a fhort, and but occafional 
excurfion. 

Anp I fhould immediately proceed to what 
you expect from me, but, that fuction being 
generally looked upon as a kind of attraction, 
it will be requifite for me to premife fomething 
about attraction itfelf. For, befides that the 
caufe of it, which I here difpute not of, is ob- 
{cure, the very nature and notion of it is wont 
by naturalifts to be either left untouched, or 
but very darkly delivered, and therefore will 
not be unfit to be here fomewhat explained. 

. How general and ancient foever the com- 
mon opinion may be, that attraction is a kind 
of motion quite differing from’ pulfion, if not 
alfo oppofite-to it; yet I confefs, I concur in 
opinion, though not altogether upon the fame 
erounds, with fome modern naturalifts, that 
think attraétion a fpecies of pulfion. And at 
leaft among inanimate bodies I have not yet 
obferved any thing, that convinces me, that 
attraction cannot be reduced to pulfion ; for, 
thefe two feem to me to be but extrinfical de- 
nominations of the fame local motion, in 
which, if amoved body precede the movent, 
or tend to acquire a greater diftance from it, 
we call it pulfion ; and if, upon the fcore of 
the motion, the fame body follow the movent 
or approach to it, we call it attraction. But 
this ‘difference may confift but in an accidental 
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refpect, which does not_phyfically alter the 
nature of the motion, but is founded upon the 
refpect, which the line, wherein the motion is 
made, happens to have to the fituation of the 
movent. And that, which feems to me to 
have been the chief caufe of men’s miftaking 
attraction for a motion oppofite to pulfion, is, 
that they have looked upon both the moving 
and moved bodies in too popular and fuper- 
ficial a manner, and confidered in the movent 
rather the fituation of the confpicuous and more 
bulky part of the animal or other agent, than 
the fituation of that part of the animal, or in- 
{trument, that does immediately imprefs that 
motion upon the mobile. 

For thofe, that attentively heed this, may 
eafily take notice, that fome part of that body, 
or of the inftrument, which by reafon of their 
conjunction in this operation is to be looked 
on but as making one with it, is really placed 
behind fome part of the body to he drawn, 
and therefore cannot move outwards itfelf 
without thrufting that body forward. This 
will be eafily underftood, if we confider, what 
happens when a man draws a chain after him ; 
for though his bedy do precede the chain, yet 
his finger or fome other part of the hand, 
wherewith he draws it, has fome part or other, 
that reaches behind the fore part of the firft 
link, and the hinder part of this link comes 
behind the anteriour part of the fecond link ; 
and fo each link has one of its parts placed 
behind fome part of the link next after it, till 
you come to the laft link of all. And fo, as 
the finger, that is in the firft link, cannor 
move forwards, but it muft thruft on that link; 
by this feries of trufions the whole chajn is 
moved forwards; and if any other body be 
drawn by that chain, you may perceive, that 
fome part of the laft link comes behind fome 
part of that body, or of fome intervening 
body, which, by its cohefion with it, ought 
in our prefent cafe to be confidered as part of 
it. And thus attraction feems to be but a 
{pecies of pulfion, and ufually belongs to that 
kind of it, which, for diftinétion’s fake, is called 
trufion, by which we underftand that kind of 
pulfion, wherein the movent goes along with 
the moved body, without quitting it, whilft the 
progrefs lafts ; as it happens, when a gardener 
drives his wheel-barrow before him without 
letting go his hold of it. 
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Bur I muft not here diffemble a difficulty, 
that I forefee may be {pecioufly prged againft 
this account of attraction. For it may be faid, 
that there are attractions, where it cannot be 
pretended, that any part of the attrahent comes 
behind the attracted body ; as in magnetical 
and eleétrical attractions, and in that, which 1s 
made of water, when it is drawn up into {prings 
and pumps. 

I need not tell you, that you know fo well, 
as that partly the Cartefians, and partly other 
modern philofophers, have recourfe on this oc- 
cafion, either to fcrewed particles and other 
magnetical emiffions, to explicate phenomena 
of this kind. And, according. to fuch hypo- 
thefis, one may fay, that many of thefe mag- 
netical and electrical effluvia come behind fome 
parts of the attracted bodies, or at leaft of the 
little folid particles, that are, as it were, the walls 
of their pores, or procure fome difcuffion of 
the air, that may make it thruft the moveable 
towards the loadftone or amber, &c. But if 
there were none of thefe, nor any other fubtil 
agents, that caufe this motion by a real, though 
unperceived pulfion; I fhould make a di- 
ftin€tion berwixt other attractions and thefe, 
which I fhould then ftile attraétion by invifibles. 
But, whether there be really any fuch in nature, 
and why I fcruple to admit things fo hard to 
be conceived, may be elfewhere confidered. 
And you will, I prefume, the freelier allow 
me this liberty, if (fince in this place it 1s pro- 
per to do it,) I fhew you, that in the laft of 
the inftances I formerly objected, (that of the 
drawing up of water into the barrel of a fy- 
ringe,) there is no attraction of the liquor 
made by the external air. I fay then, that by 
the afcending rammer, as a part of which I 
here confider the obtufe end, plug or fucker, 
there is no attraction made of the contiguous 
and fubjacent water, but only there is rogm 
made for it, to rife into, without being ex- 
pofed to the preffure of the fuperior air. For, 
if we fuppofe the whole rammer to be by di- 
vine ommipotence annihilated, and _ confe- 
quently uncapable of exercifing any attraction ; 
yet, provided the fuperiorair were kept of from 
the water by any other way, as well as it was 
by the rammer, the liquor would as well afcend 
into the cavity of the barrel ; fince (as I have 
elfewhere abundantly proved) the furface of 
the terraqueous globe being continually prefied 
on by the incumbent air or atmofphere, the 
‘water muft be, by that preffure, impelled into 
any cavity here below, where there is no air to 
refift it; as by our fuppofition there is not in 
the barrel of our fyringe, when the rammer, or 
whatever elfe was in it, had been annihilated. 
Which reafoning may be fufficiently confirmed 
by an experiment, whereby I have more than 
once fhewn fome curious perfons, that, if the 
external air, and confequently its preffure, be 
withdrawn from about the fyringe, one may 
pull up the fucker as much as he pleafes, with- 
out drawing up after it the fubjacent water. 
In fhort, let us fuppofe, that a man ftanding 
in an jnner room does by his utmoft refiftance 
keep fhut a door, that is neither locked nor 
latched, againft another, who with equal 


force endeavours to thruft it open: in this cafe, 
as if one fhould forcibly pull away the firft man, 
it could.not be faid, that this man, by his re 
cefs from the door he endeavoured to prefs 
outwards, did truly and properly draw in his 
antagonift, though upon that recefs the com- 
ing in of his antagonift would prefently enfue ; 
{o it cannot properly be faid, that by the afcent 
of the rammer, which difplaces the fuperior 
air, either the rammer itfelf, or the expelled 
air, does properly attraét the fubjacent water, 
though the ingrefs of that liquor into the barrel 
does thereupon neceffarily enfue. And that, 
as the comparifon fuppofes, there is a preffure 
of the fuperior air againft the upper part of the 
fucker, you may eafily perceive, if having 
well {topped the lower orifice of the fyringe 
with your finger, you forcibly draw up the 
fucker to the top of the barrel. For if then | 
you let go the rammer, you will find it im- 
pelled downwards by the incumbent air with a 
notable force. 


CHAP. IL 
Hains thus premifed fomething in 


general about the nature of attraction, 
as far as it is neceffary for my prefent defign ; it 
will be now feafonable to proceed to the con- 
fideration of that kind of attraction, that is 
employed to raife liquors, and is by a diftinét 
name called fuction. 

AsouT the caufe of this there is great con- 
tention between the New Philofophers, as they 
are {tiled, and the Peripateticks. For the fol- 
lowers of Aviffotle, and many learned men, 
that in other things diffent from him, afcribe 
the afcenfion of. liquors upon fuction to na- 
ture’s abhorrence of a vacuum. For, fay they, 
when a man dips one end of a ftraw, or reed, 
into ftagnant water, and fucks at the other end, 
the air contained in the cavity of the reed paf- 
fes into that of his lungs, and confequently: the 
reed would be left empty, if no other body 
fucceed in the place it deferts; but there are 
only (that they take notice of) two bodies, 
that can fucceed, the air and the (groffer li- 
quor) the water; and the air cannot do it, 
becaufe of the interpofition of the water, that 
denies it accefs to the immerfed orifice of the 
reed,, and therefore it muft be the water itfelf, 
which accordingly does afcend to prevent 4 
vacuum detefted by nature. 

But many of the modern philofophers, 
and generally all the Corpufcularigns, look 
upon this Fuga Vacua as but an imaginary. 
caufe of fuction, though they do it upon very 
differing grounds. For, the atomifts, that 
willingly admit of vacuities, properly fo cal- 
led, both within and without our world, can- 
not think, that nature hates or fears a vacuum, 
and declines her ufual courfe to prevent it: 
And the Cartefians, though they do, as well 
as the Peripateticks, deny, that there is .a 
vacuum, yet fince they affirm not only, that 
there is none in rerum natura, but that there 
can be none, becaufe what others call an empty 
{pace having three dimenfions, hath all, that 
they think belonging to the effence of a —_ 

they 
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they will not grant nature to be fo indifcreet, 
as to ftrain her felf.to prevent the making of 
athing, that is impoffible to be made. 

Tue Peripatetick opinion about the caufe of 
fugtion,: though commonly defended by the 
fehools, as well.modern as ancient, fuppofes 
in nature fuch an abhorrence of a vacuum, as 
neither has been well proved, nor does well a- 
gree with the lately difcovered phanomenon 
of fiction. For, according to their hypothe- 
fis, water and other liquors fhould afcend up- 
on fuction to any height to prevent a vacuum, 
which yet is not agreeable to experience. For 
T have carefully tried, that by pumping witha 
pump far more ftanch than thofe, that are 
ufually made, and indeed as well clofed as we 
could poffibly bring.it to be, we could not, by 
all our endeavours, raife water by fuction to 
above 33: foot. The Torricellian experiment 
fhews, that the weight of the air is able to 
fuftain, and fome of our experiments fhew, 
itis able to raife a mercurial cylinder equal 
in weight to as high a cylinder of water, as we 
were able to raifé by pumping. For mercury 
being near 14 times as heavy as water of the 
fame bulk, if the weight of the air be equiva- 
lent to that of a mercurial cylinder of 29 or 
30 inches,: it muft be able to counterpoife a 
cylinder of water near fourteen times as long, 
that is, from thirty-four to near thirty-fix foot. 
And very difagreeable to the common hypo- 
thefis, but confonant to ours, is the experi- 
ment, that I have more than once tried, and I 
think elfewhere deliver’d, namely; that, if 
you take a glafs pipe of about three foot long, 
and, dipping one end of it in water, fuck at 
the other, the water will be fuddenly made to 
flow briikly into your mouth. But, if inftead 
of water you dip the lower end into quicl-{tb- 
ver, though you fuck as ftrongly as ever you 
can, provided, that in this cafe, as in the for 
mer, you hold the pipe upright, you will ne- 
ver be able to fuck up.the quick-filver near fo 
high.as your mouth ; fo that if the water af- 
cended upon fucttion to the top of the fame 
pipe, becaufe elfe there would ‘have been a va- 
cuum left in the cavity of it, why fhould not 
we conclude, that, when we have fucked up the 
quick-filver as ftrongly as we can, as much of 
the upper part af the tube, asis deferted by the 
air, and yet not filled by the mercury, admits; 
in part at leaft, .avacnum, (as toair) of which 
confequently nature cannot reafonably be fup+ 
pofed to have fo great and unlimited an. abhor- 
rency, as the Peripateticks and their adherents 
preftime. Yet I will not determine, whether 
there be any more. than many little vacuities, or 
{paces devoid of air, in the cavity, fo called; 
of the pipe unfilled by the mercury, (fo that 


the whole cavity is. not.one entire empty fpaces - 


it being fufficient for my purpofe, that my ex- 
periment affords good argument ad hominem 
dpainft the Peripateticks, and warrants us to 
feek for fome other canfe than the fuga vacui, 
why a.nouch ftranger fuction, than that, which 
made water afcend with eafe into: the fucker’s 
mouth, will not alfo. raife.quick-filver to the 
fame height or near it. - = 
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THose modern philofophers, that admit not 
the faga vacui to be the caufe of the raifing of 
liquors in fuction, do generally enough agree 
in referring it to the action of the fucker’s 
thorax. For, when a man endeavours to 
fuck up a liquor, he does by means of the 
mu(cles enlarge the cavity of his cheft, which 
he cannot do, but at the fame time he muft 
thruft away thofe parts of the ambient air, 
that were contiguous to his cheft, and the 
difplaced air does, according to fome learned 
men, (therein, if I miftake not, followers of 
Gaffendus,) compfefs the contiguous air, and 
that the next to: it, and fo outwards, till the 
preffure, fucceffivety paffing from one part of 
the air to the other, arrive at the farface of 
the liquor; and all other places being as to 
fenfe full, the impelled air cannot find place, 
but by thrufting the water mto the room 
made for it in ‘the pipe, by the recefs of the 
air, that paffed into the fucker’s larigs. And 
they differed not much from this explication, 
that, without taking*in the compreffion of the 
ambient air made By the thorax, refer the 
phznomenon to the: propagated motion or 
impulfe, that is impreffed onthe air difplaced 
by the thorax in its dilatation, and yet unable 
to move ina world perfectly filled, as they 
fuppofe ours to be, unlefs the liquor be im- 
pelled.into as much of the cavity of the pipe, 
as faft as it is deferted by the air, that is “faid 
to be fucked up. But though I readily con- 
fefs this explication to be ingenious, and fuch 
as I wonder not they fhould acquiefce in, who 
‘are acquainted but with the lon¢ known, and 
obvious phenomena of fuction; and though I 
am not fure, but that in the moft faniiliar 
cafes the caufes affigned by them may contri- 
bute to the effect ; yet, preferving for Carte- 
fius and Gaffendus the refpect I willingly pay 
fach great philofophers, I muft take the ]i- 
berty to tell you,’ that I cannot acquiefce in 
theirtheory. For I think, that the caufe of 
fuction they affign, is in many cafes not 
neceffary, in others not fufficient. And firft, 
as to the condenfation of the air by the 
dilatation of the fucker’s cheft; when I con- 
fider the extent: of the ambient air, and 
how {mall a compreffion no greater an expan - 
fion than that of ‘the thorax is like to make, | 
can fcarce think fo flight a condenfation of 
the free air can have fo confiderable an opera- 
tion on the furface’ of the liquor to be raifed, 
as the hypothefis I examine réquires: and that 
this impulfe of the air by a fucker’s dilated 
thorax, though it be wont to accompany the 
afcenfion of the water procured. by fuction, 
yet is not of abfolute neceffity to ir, will, I 
prefume, be eafily granted, if it can be made 
out, that even a propagated pulfion, abftracted 
from any condenfation of air, is not fo neceffa- 
rily. the caufe of it, but that the effect may be 
produced without it. For fuppofe, that by 
divitie omnipotence fo much air, as is difplaced 
by the thorax, were annihilated ; yet I fee not, 
why the afcenfton of the liquor fhould not en- 
fue. For, when a man begins to fick, there 
is an equilibrium, or rather zquipollency ber 
, Fh - tween 


of ATTRACTION by SUCTION. 


fween the preffure, which the air, contained 
in the pipe, (which is fhut up with the preffure 
of the atmofphere upon it,) has, by virtue of 
its {pring, upon that part of the furface of the 
water, that is environed by the fides of the 
pipe, and the preffure, which the atmofpheri- 
cal air has, by virtue of its weight, upon all 
the reft of the furface of the ftagnant water ; 
fo that; when by the dilatation of the fucker’s 
thorax, the air within the cavity of the pipe 
comes to be rarified, and confequently lofe of 
its {pring, the weight of the external air con- 
tinuing in the mean time the fame, it mutt 
neceflarily happen, that the fpring of the in- 
ternal air will be too weak to comprefs any 
longer the gravitation of the external, and con- 
fequently, that part of the furface of the ftag- 
nant water, that is included in the pipe, be- 
ing lefs preffed upon, than all the other parts 
of the fame furfaces muft neceffarily give way, 
where it can leaft refift, and confequently be 
impelled up into the pipe, where the air; hav- 
ing had its fpring weakened by expanfion, is 
no longer able to refift, as it did before. This 
may be illuftrated by fomewhat varying an 
inftance already given, and conceiving; that 
within a chamber three men thruft all toge- 
ther with their utmoft force againft a door, 
(which we fuppofe to have neither bolt nor 
latch) to keep it fhut, at the fame time the 
three other men have juft equal ftrength, and 
employ their force to thruft it open. For 
though, whilft their oppofite endeavours are 
equal, the door will continue to be kepe fhut, 
yet if one of the three men, within the room, 
fhould go away, there will need no new force; 
nor other acceffion of ftrength to the three 
men, to make them prevail and thruft open 
the door againft the refiftance of thofe, that 
endeavoured to keep it fhut,; who are now but 
two. | 
Anpb here (upon the by) you may take no- 
tice, that, to rafe water in fuction, there is no 
neceffity of any rarified and forcibly ftretched 
rope, as it were, of the air, to draw yp the fub- 
jacent water. into the pipe, fince the bare de- 
bilitation of the {pring of the included air may 
‘very well ferve the turn. .And though, if we 
fhould fuppofe the air within the pipe to be 
quite annibilated, it could not be pretended 
(fince it would not have fo much as exiftence) 
that it exercifes an attractive power; yet in 
this cafe the water would afcend into the pipe, 
without the affiftance of nature’s imaginary ab- 
horrence of a vacuum, but by.a mechanical ne- 
ceffity,. plainly arifing from this, that there 
would be a preffure of the incumbent atmo- 
{phere upon the reft of the furface of the ftag- 
‘nant water, dnd no preffure. at. all upon that 
part of the furface, that 1s within the pipe,where 
confequently there could be no refiftance made 
to the afcenfion of the water, every where elfe 
rongly urged by-the weight of the incumbent 
air. 7 
I fhall add on this occafion, that, to fhew 
fome inquifitive men, that the weak refiftance 
within a veffel, that had but one orifice expofed 
to the water, may much more contribute to the 
afcenfion of that liquor into the veffel, than ei- 


ther thé compreffion, or the continued or rez 
flected impulfe of the external air; I thought 
fit to produce a phenomenon, which by the 
beholders was without fcruple judged an effect 
of fuction; and yet could not be afcribed to the 
caufe ‘of fuction, affigned by either of the feéts 
of philofophers I diffent from. The experi- 
ment was this: by a way, elfewhere delivered; 
the long neck of a glafs bubble was fealed up, 
and almoft all the air had been by heat driven 
out of the whole cavity of the bubble or vial; 
and then the glafs was laid afide for fome hours, 
or as long as we pleafed ; afterwards the fealed 
apex of the neck was broken off under water. 
I demand now of a Peripatetic; whether the li- 
quor ought to be fucked or drawn into the ca- 
vity of theglafs, and why? If he fays, as quef- 
tionlefs he will, that the water would be attraét: 
ed to hinder a vacuum, he would thereby ac- 
knowledge; that, till the glafs was unftopped 
under water, there was fome empty {pace in it ; 
for, till the fealed end was broken off, the wa- 
ter could not get in, and therefore, if the fuga 
vacui had any thing to do in the afcenfion; the 
liquor mutt rife, not to prevent an empty fpace, 
but to fill one, that was made before. Nor does 
our experiment much more favour thé other 
philofophers I diffent from ; for in it there is 
no dilatation made of the fides of the glafs, as 
in ordinary fuction there is made of the thorax, 
but only there is fo much air driven out of the 
cavity of the bubble, into whofe room fince 
neither common air nor water Is permitted to 
fucceed, it appears not, how the propagated 
and returning impulfe, or the circle of motion, 
as to common dir and water, does here take 
place. And then I demand, what becomes of 
the air, that has been by heat driven out; and 
is by the hermetical feal kept out of the cavity’ 
of the bubble ? If it be faid, that it diffufes it 
{elf into the ambient air, and mingles with it, 
that will be granted,which I contended for, that 
fo little air, as is ufwally difplaced in fuction, can- 
not make any confiderable compreffion of the 
free ambient air’; for, what can one cubic inch 
of air, which ts fometimes more than one of 
our glaffes contains, do, to the condenfation fo 
much as of all the’ air in the chamber, when the 
expelled corpufcles are evenly diftributed among 
thofe of. the ambient? And how comes this 
inconfiderable condenfation to have fo great an 
effect in every part of the room, as to be able 
there to impel ‘into the glafs.as much water in 
extent, as the whole air, that was driven out of 
the cavity of it? But if it be faid, that the ex- 
pelled air condenfed only the contiguous or very 
neighbouring air; it is eafy to anfwer, that it Is 
no way probable, that the expelled particles of 
the air fhould not, by the differing motions of 
the ambient air, be quickly made to mingle with 
it, but fhould rather wait (which, if it did, we 
fometimes made it do for many hours) till the 
-veffels,; whence it was driven out, were unftopped 
again: But; though this could probably: be pre- 
tended, it cannot truly be afferted. For if you 
carry the fealed glafs quite out of the room 
or houfe,' and unftop it at fome other place, 
though two or three miles diftant; the afcen- 
fion of the water-will (as I found by trial) ne- 
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verthelefs enfue; in which éafe I prefume; it 
will not be faid, that the air, that was expelled 
out of the glafs, and condenfed the contiguous 
Or near contiguous air, attended the bubble in 
all its motions, and was ready at hand to im- 
pel in the water, as foon as the fealed apex of 
the vial was broken off. But I doubt not, but 
moft of the embracers of the opinion I oppofe, 
being learned and ingenious perfons, if they had 
been acquainted with thefe and the like phaeno- 
mena, would rather have changed their opinion 
about fuction, than have gone about to defend 
it by fuch evafions, which I fhould not have 
thought worth propofing, if I had not met with 
objections of this nature publickly maintained 
by a learned writer, on occafion of the air’s 
rufhing into the exhaufted Magdenburgic en- 
gine. But asin our experiment thefe objections 
have no place, fo in our hypothefis the explica- 
tion is very eafy, as will anon be intunated. 
CHAP. II. 
7 AVING thus fhewn, that the afcenfion 


of water upon fuction may be caufed o- 


-therwife than by the condenfation or the pro- 


pagated pulfion of air contiguous to the fucker’s 
thorax, and thruft out of place by it; it re- 
mains, that I fhew, (which was one of the two 
things I chiefly intended) that there may be 
cafes, wherein the caufe, afftoned in the hypo- 
thefis I am examining, will not have place. 
But this will be better underftood, if, before I 
proceed to the proof of it, I propofe to you the 
thoughts, I had many years fince, and do ftill 
retain, about the caufe of the afcenfion of liquors 
in fuction. 

To clear the way to the right underftand- 
ang of the enfuing difcourfe, it will not be 
amifs here to premife a fummary intimation 
of fome things, that are fuppofed in our hy- 
pothefis. 

We fuppofe then firft, without difputing 
either the exiftence or the nature of elemen- 
tary air, that the common air we breathe in, 
and which I often call atmofpherical air, abounds 
with corpufcles not devoid of weight, and en- 
dowed with elafticity or fpringinefs, whereby 
the lower parts, comprefied by the weight of 
the upper, inceffantly endeavour to expand 
themfelves, by which expanfion, and in pro- 
portion to it, the {pring of the air is weakened, 
(as other {prings are wont to be) the more 
they are permitted to ftretch themfelves, 

Next, we fuppofe, that the terraqueous 
globe, being environed with this gravitating 
and {pringy air, has its furface and the bodies 
placed on it, preffed by as much of the atmo- 
{phere, as either perpendicularly leans on them, 
or can otherwife come to bear upon them. 
And this preffure is, by the Torricellian and 
other experiments, found to be rh toa 
perpendicularly erected cylinder of about twen- 
ty-nine or thirty inches of quick-filver, (for 
the height is differing, as the gravity of the 
atmoiphere happens to: be various.) 

LastTLy, we fuppofe, that air being con- 
tained in a pipe or other hollow body, that has 
but one orifice open to the free air, if this ori- 


fice be hermetically fealed, of otherwife (as 
with the mouth of one, that fucks) clofed, 
the now included air, whilft it continues with- 
out any farther expanfion, will have an elafti- 
city equivalent to the weight of as much of the 
outward air, as did before prefs againft it. For 
if the weight of the atmofphere, to which it 
was then expofed, had been able to comprefs it 
further, it would have done fo, and then the 
clofing of the orifice, at which the internal 
and external air communicated, as it fenced the 
included air from the preffure of the incum- 
bent, foit hindred the fame included air from 
expanding it felf; fo that, as it was fhut up 
with the preffure of the atmofphere upon it, 
that is in a ftate of as great comprefiion, as the 
weight of the atmofphere could bring itto, fo, 
being fhut up, and thereby kept from weakening 
that preflure by expantion, it muft retain a 
{pringinefs equipollent to the prcffure it was 
expofed to before, which (as I juft now noted) 
was as great, as the weight of the incumben¢ 
pillar of the atmofphere could make it. But 
if, as was faid in the firit fuppofition, the in- 
cluded air fhould come to be dilated or expand- 
ed, the {pring being then unbent, its fpring, 
like that of other elaftical bodies, would be 
debilitated anfwerably to that expanfion. 

To me then it feems, that, ipeaking in ge- 
neral, liquors are upon fuction raifed into the 
cavities of pipes and other hollow bodies, when, 
and fo far as there is a lefs preffure on the 
furface of the liquor, in the cavity, than on the 
furface of the external liquor, that furrounds the 
pipe, whether that preffure on thofe parts of 
the external liquor, that are from time to time 
impelled up into the orifice of the pipe, pro- 
ceed from the weight of the atmofphcre, or 
the propagated compreffion, or impulfe of 
fome parts of the air, or the {pring of the air, 
or fome other caufe, as the preffure of fome 
other body quite diftin¢t from air. 

Upon the general view of this hypothefis, 
it feems very confonant to the mechanical prin- 
ciples. For, if there be on the differing parts 
of the furface of a fluid body unequal pref- 
fures, it is plain, as well by the nature of the 
thing, as by what has been demonftrated by 
Archimedes, and his commentators, that the 
greater force will prevail againft the leffer, and 
that that part of the water’s furface muft give 
way, where it is leaft preffed. So that that, 
wherein the hypothefis I venture to propofe to 
you, differs from that, which I diffent from, 
is not, that mine is lefs mechanical ; but partly 
in this, that, whereas the hypothefis, I queftion, 
fuppofes a neceffity of the protrufion or impulic 
of the air, mine does not require that fuppo- 
fition, but, being more general, reaches to 
other ways of procuring the afcenfion of ]i- 
quors, without raifing them by the impulfe of 
the air; and partly, and indeed chiefly, in 
that the hypothefis, I decline, makes the 
caufe of the afcenfion of liquors to be only the 
increafed preffrre of the air external to the 
pipe; and I chiefly make it to depend upon 
the diminifhed preffure of the air within the 
pipe, on the {core of the expanfion it is brought 
to by fuction. 

2 To 
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To proceed now to fome experiments, that 
I made in favour of this hypothefis; I fhall 
begin with that which follows: _ 

We took a glafs-pipe bended like a fyphon, 
but fo, that the fhorter leg was ds parallel to the 
longer, as we could get it made, and was her- 
metically fealed at the end: into this fyphon 
we made a fhift (for it is not very eafy) to 
convey water, fo that the crooked part being 
held downwards, the liquor reached to the 
fame height in both the legs, and yet there 
was about an inch and a half of uncomprefied 
air fhut up in the fhorter leg. This little in- 
ftrument (for it was but about fifteen inches 
long) being thus prepared, it is plain, that ac- 
cording to the hypothefis I diffent from, there 
is no reafon, why the water fhould afcend upon 
fuction. For, though we fhould admit, that 
the external air were confiderably compreffed, 
or received a notable impulfe, when the fucker’s 
cheft is enlarged ; yet in our cafe, that com- 
preffion, or protrufion, will not reach the fur- 
face of the water in the fhorter leg, becaufe 
it is there fenced from the action of the exter- 
nal air by the fides of the glafs, and the her- 
metical feal of the top, and yet, if one fucked 
{trongly at the open orifice in the longer leg, 
the water in the fhorter would be depreffed ; 
and that in the longer afcended at one fuck 
about an inch and half: of which the reafon 
is clear in our hypothefis. For, the fpring of 
the included air, together with the weight of 
the water in the fhorter leg, and the preffure 
of the atmofpherical air, affifted by the weight 
of the liquor in the longer leg, counter-ba- 
lanced one another before the fuction began : 
But when afterwards upon fuction, the air in 
the longer leg came to be dilated, and thereby 
weakened, it was rendered unable to refift the 
undiminifhed preffure of the air included in 
the fhorter leg, which confequently expanding 
itfelf by virtue of its elafticity, depreffed the 
contiguous water, and made it proportionably 
rife in the oppfite leg, till, by the expanfion, 
tts {pring being more and more weakened, it 
arrived at an equipollency with the gravitatiori 
or preffure of the atmofphere. Which laft 
claufe contains the reafon, why, when the per- 
fon, that fucked, had raifed the water in the 
longer leg, lefs than three inches higher by 
repeated endeavours to fuck, and that without 
once fuffering the water to fall back again, he 
was not able to elevate the water in the longer, 
fo much as three inches above its firft ftation, 
And if in the fhorter leg, there was but an inch 
and a quarter of fpace left for the air unfilled 
by the water, by divers fkilfully reiterated 
atts of fuction, he could not raife the liquor 
in the longer leg above two inches; becaufe, 
by that time, the air included in the fhortey 
leg, had, by expanding itfelf further and fur- 
ther, proportionably weakened its fpring, till 
at length it became as rarified, as was. the air 
in the cavity of the longer leg, and confe- 
quently was able to thruft away the water with 
ho more force than the air in the long leg: 
was able to refift. And by the recited: trial it 
appeared, that the rarefaction ufually made of 
air by fuétion is not near fo great, as one 


would expect, probably, becaufe by the di- 
latation of the lungs, the air being ftill fhut 
up; is but moderately rarified, and the air in 
the Jonger leg, can by them, be brought to 
no greater degree of rarity, than that of the 
air within the cheft. For, whereas the included 
air in our inftrurnent was not expanded, by 
my eftimate, at one fuck, to above the double 
of its former dimenfions, arid by divers fuc- 
ceffive fucks was expanded but from one inch 
and an half, to lefs than four inches and an 
half, if the fuction could have been conve- 
veniently made with a great and ftanch fy- 
ringe; the rarefaction of tlie air would proba- 
bly have been far greater; fince in our pneu- 
matick engine air may, without heat, and by 
a kind of fuction, be brought to poffefs many 
hundreds of times the fpace it took up before. 
From this rarefaction of the air in both the 
legs of our inftrument proceeds another phe- 
nomenon, readily explicable by our hypothefis. 
For if, when the water was impelled up as 
high as the fuction could raife it, the inftru- 
ment were taken from the fucker’s mouth, 
the elevated water would with violence return 
to its wonted ftation. For, the air, in both 
the legs of the inftrument, having by the fuc- 
tion loft much of the fpring, and fo of its 
power of preffing ; when once the orifice of 
the longer leg was left open, the atmofpherical 
air came again to gravitate upon the water in 
that leg, and the air, included in the other 
leg, having its fpring debilitated by the pre- 
cedent expanfion, was not able to hinder 
the external air from violently repelling the 
elevated water, till the included air was thrutt 
into the fpace it poffeffed before the fuction ; 
in which fpace it had denfity and elafticity 
enough to refift the preffire, that the external 
air exercifed againft 1t through the interpofed 
water. 

Bur our hypothefis about the caufe of fuc- 
tion would not need to be follicitoufly proved 
to you by other ways, if you had feen what 1 
have fometimes been able to do in our pneu- 
matick engine. For, there we found, by trials 
purpofely devifed, and carefully made, that a 
good fyringe being fo conveyed into our re- 
ceiver, that the open orifice of the pipe or 
lower part was kept under water, if the engine 
were exhaufted, though the handle of the fy- 
ringe were drawn up, the water would not fol- 
low it, which yet it would do, if the external 
air were let in again, ‘The reafon of which is 
plain in our hypothefis; for the air, that fhould 
have preffed upon the furface of the ftagnant 
water, having been pumped out, there was no- 
thing to impel up the water into the deferted 
cavity of the fyringe, as there was; when the 
receiver was filled with air. 


CHAP. IV. 


Bur becaufe fuch a conveniency as our en- 
gine, and the apparatus neceflary for fuch 
trials, are not eafily procurable, I fhall endeavour 
to confirm our hypothefis about fuction, by 
fubjoining fome experiments, that may be tried 
without the help of that engine, for the making 
out thefe three things; , 
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I. Trav a liquor may be rarfed by fuction, 
when the preffure of the air, neither as it has 
weight nor elafticity, 1s the caufe of the ele- 
vation. 


ll. Tar the weight of the atmofpherical 
air is fufficient to raife up liquors in fuction, 


Il. Trat, in fome cafes, fuction will not 
be made, as, according to the hypothefis I dif- 
fent from, it fhould, although there be a dila- 
tation of the fucker’s thorax, and no danger of 
a vacuum, though the liquor fhould afcend. 


Anp firft, to fhew, how much the rifing of 
liquors in fuction depends upon the weight or 
preflure of the impellént body, and how little 
neceffity there is; where that preffure is not 
wanting, that, in the place deferted by the li- 
quor, that 1s fucked there fhould fucceed 
air, or fome other vifible body, as the Peripa- 
tetic {chools would have it; to fhew this, I fay, 
J thought on the following experiments, We 
took a glafs pipe, fit to have the Torricellian 
experiment made with it, but a good deal 
longer than was neceflary for that ufe: this 
pipe being hermetically fealed at one end, the 
other end was fo bent, as to be reflected up- 
wards, and make as it were the fhorter leg of 
the fyphon as parallel as we could to the longer, 
fo that the tube now was fhaped like an invert- 
ed fyphon, with legs of a very unequal length. 
‘This tube, notwithftanding its inconvenient fi- 
cure, we made a fhift (for it is not eafily done) 
to fill with mercury, when it was in an inclined 
pofture, and then erecting it, the mercury fub- 
fided in the longer leg, as in the Torricellian 
experiment, and attained to between two foot 
and a quarter and two foot and an half above 
the furface of the mercury in the fhorter leg, 
which in this inftrument anfwers to the ftag- 
nant mercury in an ordinary barometer, from 
which to diftinguifh it, I have elfewhere called 
this fyphon, furnifhed with mercury, a travel- 
Jing barofcope, becaufe it may be fafely carried 
from place to place. Out of the fhorter leg of 
this tube, we warily took as much mercury, as 
was thought convenient for what we had fur- 
ther to do; and this we did by fuch a way, as 
to hinder any air from getting into the deferted 
cavity of the longer leg, by which means the 
mercurial cylinder (eftimated as I lately men- 
tioned) retained the fame height above the 
ftagnant mercury in the fhorter: the upper and 
clofed part of this travelling barofcope, you will 
eafily grant to have been free from common 
air, not only for other reafons, that have been 
given elfewhere, but particularly for this, that 
if you gently incline the inftrument, the quick- 
filver will afcend to the top of the tube; which 
you know it could not do, if the place, former- 
ly deferted by it, were poffeffed by the air, 
which, by its'{pring, would hinder the afcen- 
fion of the mercury, (as is eafy to be tried.) 
The inftrument having, been thus fitted, I caufed 
one of the by-ftanders to fuck at the fhorter leg, 
whereupon (as I expected) there prefently en- 
{ued; an afcenfion of four or five inches of mer- 
cury in that leg, and a proportionable fubfi- 
dence of the mercury in the longer, and yet in 


this cafe the raifing of the mercury cannot be 
pretended to proceed from the prefflare of thé 
air. For the weight of the atmofphere is 
fenced off by that, which clofes the wpper end 
of the longer tube, and the fpring of the air 
has here nothing to do, fince, as we have lately 
fhewn, the fpace deferted by the mercury is nos 
poffeffed by the included air, and the pulfion 
or condenfation of the air; fuppofed; by divers 
modern philofophers, to be made by the dila- 
tation of the fucker’s cheft, and to prefs upon 
the furface of the liquors, that are to be fucked 
up: this, I fay, cannot here be pretended, in 
regard the furface of the hquoer in the longer 
leg is every way fenced from the preflure of 
the ambient air. So that it remains, that the 
caufe, which raifed the quickfilver in the fhorter 
lee, upon the newly recited fuction, was the 
weight of the collaterally fuperior quickfilver 
in the longer leg, which being (at the begin- 
ning of the fuction) equivalent to the weight 
of the atmofphere, there is a plain reafon, why 
the ftagnant mercury, in the fhorter leg, fhould 
be raifed fome inches by fuction ; as mercury, 
{ftagnant in an open vefiel, will be raifed by the 
weight of the atmofphere, when the fuction is 
made in the open air. For, in both cafes, 
there 1s a pipe, that reaches to the ftagnant 
mercury, and a competent weight to impel it 
into the pipe ; when the air in the cavity of 
the pipe has its {pring weakened by the dilata- 
tion, that accompanied fuction. 
Tue fecond point formerly propofed, which 
Is, that the weight of the air is fufficient to raife 
liquors in fuction, may not be ill proved by ar- 
guments, legitimately drawn from the Torri- 
cellian experiment itfelf, and much more clear- 
ly by the firft and fifteenth of our continued 
phyfico-mechanica]l experiments. And there- 
fore J fhall only here take notice of a phzeno- 
menon, that may be exhibited by the travel- 
ling barofcope, which, though it be much in- 
ferior to the experiments newly referred to, 
may be of fome ufe on the prefent occafion. 
Havine then provided an inftrument like 
the travelling barofcope,mentioned under the for- 
mer head, but whofe legs were not fo unequal- 
ly long, and having in it made the Torricellian 
experiment, after the manner lately defcribed, 
we ordered the matter fo, that there remained 
in the fhorter leg the length of divers inches 
unfilled with ftagnant mercury. Then I caufed 
one, verfed in what he was to do, fo to raife 
the quickfilver by fuction to the open orifice of 
the fhorter leg, that the orifice being {eafon- 
ably and dexteroufly clofed, the mercury con- 
tinued to fill that leg, as long as we thought 
fit; and then, having put a mark to the furface 
of the mercury in the longer leg, we unftop- 
ped the orifice of the fhorter ; whereupon the 
mercury, that before filled it, was deprefied, 
till the fame liquor in the longer leg was raifed 
five inches or more above the mark, and con- 
tinued at that height. I faid, that the mercury, 
that had been raifed by fuction, was deprefled, 
rather than that it fubfided, becaufe its own 
weight could not here make it fall, fince a mer- 
curial cylinder of five inches was far from being 
able to raife fo tall a cylinder of mercury, as 
2 made 
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made a counterpoile in the longer leg; and 
therefore the depreffion we {peak of, is to be 
referred to the gravitation of the atmofpherical 
air upon the furface of the mercury in the fhor- 
ter leg: and I fee no caufe to doubt, but that, 
if we could have procured an inftrument, into 
whofe fhorter leg a mercurial cylinder of many 
inches higher could have been fucked up, it 
would, by this contrivance, have appeared, that 
the preffure of the atmofphere would eafily im- 
pel up a far taller cylinder of mercury, than it 
did in our recited experiment. 

TuarT this is no groundlefs conjecture, may 
appear probable by the experiment you will 
prefently meet with. For, if the gravity of an 
incumbent pillar of the atmofphere be able to 
comprefs a parcel of included air, as much as 
a mercurial cylinder, equivalent in weight to 
between thirty and five and thirty foot of wa- 
ter, is able to condenfe it, it cannot well be 
denied, that the fame atmofpherical cylinder 
may be able, by its weight, to raife and coun- 
ter-balance eight or nine and twenty inches of 
quickfilver, or an equivalent pillar of water in 
tubes, where the refiftance of thefe two liquors, 
to be raifed and fuftained by the air, depends 
only upon their own unaffifted gravity. 

To confirm our doétrine of the gravitation of 
the atmofphere upon the furface of the liquors 
expofed to it, I will fubjoin an experiment, 
that I devifed to fhew, that the incumbent air, 
in its natural or ufual ftate, would comprefs o- 
ther air not rarified, but in the like natural ftate, 
as much as a cylinder of eight or nine and 
twenty inches of mercury would condenfe or 
comprefs it. 

In order to the making of this, I muft put 
you in mind of what I have fhewn elfewhere * 
at large, and fhall further confirm by one of 
the experiments, that follows the next; name- 
ly, that about twenty-nine or thirty inches of 
quick-filver will comprefs air, that being in its 
natural or ufual ftate (as to rarity and denfity) 
. has been fhut up inthe fhorter leg of our tra- 
velling or fyphon-like barofcope, into half the 
room, that included air poffeffed before. This 
premifed, I pafs on to my experiment, which 
was this : 

We provided a travelling barofcope, where- 
wn the mercury in the longer leg was kept fuf- 
fpended by the counterpoife of the air, that 
gravitated onthe furface of the mercury in the 
fhorter leg, which we had fo ordered, that 
it reached not by about two inches to the top 
of the fhorter leg. Then making a markat 
the place, where the ftagnant mercury refted, 
it was manifeft, according to our hypothefis, 
that the air in the upper part of the fhorter leg 
‘was in its natural ftate, or of the fame degree 
of denfity with the outward air, - with which 
it freely communicated at the open orifice of 
the fhorter leg; fo that this ftagnant air was 
equally preffed upon by the weight of the 
collaterally fuperior cylinder of mercury in the 
longer leg, and the equivalent weight of a 
direétly incumbent pillar of the atmofphere. 


Things being in this pofture, the upper part 
of the fhorter leg, which had been before pur- 
pofely drawn out to an almoft capillary {mall- 
nefs, was hermetically fealed, which, though 
the inftrument was kept ereéted, was fo nim- 
bly done by reafon of the flendernefs of the 
pipe, that theincluded air did not appear to 
be fenfibly heated, though for greater caution 
we ftaid a while from proceeding, that, if any 
rarefaction had been produced in the air, it 


might have time to lofe it again. This done, 


we opened the lower end of the longer leg, 
(which had been fo ordered before, that we 
could eafily do it, and without concuffion of 
the veffel,) by which means the atmofpherical 
air, gaining accefs to the mercury included in 
the longer leg, did, as I expected, by its gra- 
vitation upon it, fo comprefs the air included in 
the fhorter leg, that, according to the efti- 
mate we made with the help of a ruler, (for 
by reafon of the conical figure of the upper 
part of the glafs we could not take precife 
meafures,) it was thruft into near half the room 
it took up before, and confequently, accord- 
ing to what I put you lately in mind of, en- 
dured a compreffion like that, which a mer- 
curial cylinder of about twenty nine inches would 
have given it. 

THis experiment, as to the main of it, was 
for greater caution made the fecond time with 
much the like fuccefs; and though it had been 
more eafy to meafure the condenfation of the 
air, if, inftead of drawing out and fealing up 
the fhorter leg of the inftrument, we had con- 
tented our felves to clofe it fome other way ; 
yet we rather chofe to employ Hermes’s {eal, 
left, if any other courfe had- been taken, it 
might be pretended, that fome of the included 
air, when it began to be compreffed, might ef- 
cape out at the not perfectly and ftrongly clofed 
orifice of the leg, wherein it was imprifoned. 

To make it yet further appear, how much 
the afcenfion of liquors by fuction depends 
upon preffure, rather than upon nature’s ima- 
ginary abhorrence of a vacuum, or the pro- 
pagated pulfion of the air; I will fubjoin an 
inftance, wherein that prefumed abhorrence 
cannot be pretended. ‘The experiment was 
thus made: 

A glafs-fiphon, like thofe lately defcribed, 
with one leg far longer than the other, was 
hermetically fealed at the fhorter leg, and then 
by degrees there was put in, at the orifice of 
the longer leg, as much quick-filver, as by its 
weight fufficed to comprefs the air in the 
fhorter leg into about half the room it pof- 
feffed before ; fo that, according to the Peri-. 
patetick doétrine, the air muft be in a ftate of 
preternatural condenfation, and, that toa far 
greater degree, than (as I have tried) it is 
ufually brought to by cold, intenfe enough to 
freeze water. ‘Then meafuring the heighth of 
the quick-filver in the longer tube above the 
fuperficies of that in the fhorter, we found it 
not exceed thirty inches. Now, if liquors did 
rife in fution ob fugam vacui, there is no rea- 
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fon, why this quick-filver in the longer part 
of the fiphon fhould not eafily afcend upon 
fuction, at leaft till the air in the fhorter 
leg had regained its former dimenfions, fince 
jt cannot in this place be pretended, that, 
if the mercury fhould afcend, there would 
be any danger of a vacuum in the fhorter leg 
of the tube, in regard, that the contiguous 
included airis ready at hand to fucceed, as faft 
as the mercury fubfides in the fhorter leg of 
the fiphon. Nor can it be pretended, that, 
to fill the place deferted by the quick-filver, 
the included air muft fuffer a preternzural 
rarefaction or defcenfion; fince it is plain in 
our cafe, that on the contrary, as long asthe 
air continues in the ftate, whereto the weight 
of the quick-filver has reduced it, it is kept 
in a violent ftate of compreffion; fince in the 
Shorter leg it was in its natural ftate, when 
the mercury, poured into the longer leg, did 
by its weight thruft it into about half the room 
it took up before. And yet, having caufed 
feveral perfons, one of them verfed in fuck- 
ing, to fuck divers times as ftrongly as they 
could, they were neither of them able, not 
fo much as for a minute of an hour, to raife 
the mercury in the longer leg, and make it 
fubfide in the fhorter for more than about an 
inch at moft. And yet to fhew you, that the 
experiment was not favourably tried for me, 
the height of the mercurial cylinder in the 
jonger leg above the furface of that in the 
fhorter leg was, when the fuction was tried, 
an inch or two fhorter than thirty inches, and 
the compreffed air in the fhorter leg was fo 
far from having been by the exfuction expand- 
ed beyond its natural and firft dimenfions, that 
it did not, when the contiguous mercury ftood 
as low as we could make it fubfide, regain fo 
much as one half of the fpace it had loft by 
the precedent compreffion, and confequently 
was in a preternatural {tate of condenfation, 
when it had been freed from that ftate as far 
as fuction would do it. Whence it feems evi- 
dent, that it was not ob fugam vacui, that the 
quick-filver did upon fuction afcend one inch ; 
for, upon the fame fcore it ought to have af- 
cended two, or perhaps more inches, fince 
there was no danger, that by fuch an afcen- 
fion any vacuum fhould be produced or left in 
the fhorter leg of the fiphon; whereas, accord- 
“Ing to our hypothefis, a clear caufe of the phz- 
nomenon is affignable. For, before the fuc- 
tion was begun, there was an equilibrium, or 
equipollency, between the weight of the fupe- 
rior quick-filver in the longer leg, and a {pring 
of the compreffed air included in the fhorter 
Jeg; but when the experimentor began to 
fuck, his cheft being widened, part of the 
air included in the upper part of the longer 
Jeg paffed into it, and that, which remained, 
had by that expanfion its preffure fo weaken- 
.ed, that the air in the fhorter leg, finding no 
longer the former refiftance, was able by its 
own {pring to expand itfelf, and confequently 
to aeprefs the contiguous mercury in the fame 
fhorter leg, and raife it as muchin the longer. 

Bur here a hydroftatician, that heedfully 
marks this experiment, may difcern a difficulty, 
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that may perhaps fomewhat perplex him, and 
feems to overthrow our explication of the phe- 
nomenon. For he may object, that if the 
compreffed air in the fhorter leg had a {pring 
equipollent to the weight of the mercury in the 
longer leg, it appears not, why the mercury 
fhould not be fucked up in this inftrument, as 
well as in the free air; fince, accordingto me, 
the preffure of the included air upon the fub- 
jacent mercury muft be equivalent to the 
weight of the atmofphere, and yet experience 
fhews, that the weight of the atmofphere will, 
upon fuction, raife quickfilver to the height 
of feveral inches. 

To clear this difficulty, and fhew, that, 
though it be confiderable, it is not at all infu- 
perable, be pleafed to confider with me, that 
I make indeed the {pring of the compreffed air 
to be equipollent to the weight of the com- 
preffing mercury, and I have a manifeft reafon 
to do it; becaufe, if the fpring of the air were 
not equipollent to that weight, the mercury 
mutt neceffarily comprefs the air farther, which 
it is granted de faéto not to do. But then | 
confider, that in our cafe there ought to bea 
great deal of difference between the operation 
of the fpring of the included air and the 
weight of the atmofphere, ‘after fuction has 
been once begun. For the weight of the at- 
mofphere, that impels up mercury and other 
liquors, when the fuction is made in the open 
air, continues ftill the fame; but the force or 
preffure of the included air is equal to the coun- 
terpreffure of the mercury, no longer than the 
firtt moment of the fuction ; after which, the 
force of the imprifoned air ftill decreafes more 
and more, fince this compreffed air, being 
further and further expanded, muft needs have 
its {pring proportionably weakened ; fo that it 
need be no wonder, that the mercury was not 
fucked up any more than we have related; for 
there was nothing to make it afcend to a greater 
height, than that, at which the debilitated 
{pring of the (included but) expanded air was 
brought to an equipollency with the undimi- 
nifhed, and indeed fomewhat encreafed weight 
of the mercurial cylinder in the longer leg, 
and the preffure of the aerial cylinder in the 
fame leg, leffened by the action of him, that 
fucked. For whereas, when the orifice of this 
leg ftood open, the mercury was preffed on by 
a cylinder of the atmofpherical air, equivalent 
to about thirty inches of quick-filver; by the 
mouth and action of him, that fucked the tube, 
was freed from the external air, and by the di- 
latation of his thorax, the neighbouring air, 
that had a free paffage through his wind-pipe 
to it, was proportionably expanded, and had 
its {pring and preffure weakened: by which 
means, the comprefied air in the fhorter leg 
of the fyphon was enabled to impel up the 
mercury, until the lately mentioned equili- 
brium or equipollency was attained. And I 
muft here take notice, that, as the quick-filver 
was raifed by fuction but a little way, fo the 
cylinder, that was raifed, was a very long one ; 
whereas, when mercury ts fucked up in the free 
air, it is feldom raifed to half that length ; 
though, asI noted before, the impellent caufe, 

which 
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which is the weight of the atmofphere, con- 
tinued ftill the fame, whereas in our fyphon, 
when the mercury was fucked up but an inch, 
the compreffed air, poffeffing double the fpace 
it did before, had by this expanfion already loft 
a very confiderable part of its former fpring 
and preffure. 

- J] fhould here conclude this difcourfe, but 
that I remember a phenomenon of our pneu- 
matick engine, which to divers learned men, 
efpecially Ariftotelians, feemed fo much to 
argue, that fuction is made either by a fuga 
vacui, or fome internal principle, .that divers 
years ago I thought fit to fet down another ac- 
count of it, and lately meeting with that ac- 
count among other papers, I fhall fubjoin it 
juft as I found it, by way of appendix to the 
foregoing Tract. 

Amonc the more familiar phenomena of 
the Machina Boyliana, as they now call it, 
none leaves fo much fcruple in the minds of 
fome forts of men, as this, that when one’s fin- 
eer is laid clofe upon the orifice of the little 
pipe, by which the air is wont to pafs from 
the receiver into the exhaufted cylinder, the 
pulp of the finger is made to enter a good way 
into the cavity of the pipe, which doth not 
happen without a confiderable fenfe of pain in 
the lower part of the finger. For moft of 
thofe, that are ftrangers to hydroftaticks, efpe- 
cially if they be prepoffeffed with the opinions 
generally received, both in the Peripatetick 
and other fchools, perfuade themfelves, that 
they feel the newly mentioned and painful 
protuberance of the pulp of the finger, to be 
effected, not by preffure, as we would have it, 
but diftinctly by attraction. - ~ : 

To this we are wont to anfwer, that com- 
mon air being a body not devoid of weight, 
the phenomenon is clearly explicable by the 
preffure of it: for, when the finger is firft laid 
upon the orifice of the pipe, no pain nor 
{welling is produced, becaufe the air, which 
is in the pipe, prefles as well againft that part 
of the finger, which covereth the orifice, as the 
ambient air doth again{ft the other parts of the 
fame finger. But when by pumping, the air 
in the pipe, or the moft part of it, is made to 
pafs out of the pipe into the exhaufted cylin- 
der, then there is nothing left in the pipe, 
' whofe prefftre can any thing near countervail 
the undiminifhed freffure of the external air 


on the other parts of the finger; and confe-. 


quently, that air thrufts the moft yielding and 
flefhy part of the finger, which is the pulp, 
into that place, where its preffurre is unrefifted, 
that is, into the cavity of the pipe, where this 
forcible intrufion caufeth a pain in thofe tender 
_ parts of the finger. 

To give fome vifible illuftration of what 
we have been faying, as well as for other pur- 
pofes, I thought on the following experiment. 

We took'a glafs pipe of a convenient 
length, and open at both ends, whole cavity 
was near about an inch in diameter, (fuch a 
‘determinate breadth being convenient, though 
not neceflary :) to one of the ends of this pipe 
_ we caufed to be firmly tied on a piece of very 
fine bladder, that had been ruffled and oiled, 


to make it both very limber and unapt to ad- 
mit water 3 and care was taken, that the piece 
of bladder tied on fhould be large enough, not 
only to cover the orifice, but to hang loote 
fomewhat beneath it. 

Tuts done, we put the covered end of the 
pipe into a glafs-body, or cucurbit, purpofely 
made more than ordinarily tall, and the pipe 
being held in fuch manner, as that the end of 
it reached almoft, but not quite, to the bot- 
tom of the glafs-body, ‘we caufed water to be 
pouted, both into this veffel, and into the pipe 
(at its upper orifice, which was left open) that 
the water might afcend equally enough, both 
without‘and within the pipe. And when the 
glafs-body was full of water, and the fame li- 
quor was level to it, or a little higher within 
the pipe, the bladder at the lower orifice was 
kept plump, becaufe the water within -the 
pipe did, by its weight, prefs as forcibly down- 
wards, as the external water in the large glaf{s 
endeavoured to prefs it inwards and upwards. 

Aut this being done, we caufed part of the 
water in the pipe to be taken out of it, (which 
may be done either by putting in and drawing 
out a piece of {fpunge or of linnen, or more ex- 
peditioufly by fucking. up part of the water 
with a fmaller pipe to be immediately after 
Jaid afide ;) upon which removal of part of the 
internal water, that, which remained in ‘the 
pipe, being no longer able, by reafon :of..its 
want of weight, to prefs againft the infide of 
the bladder near as forcibly as it did before, 
the external water, whofe weight was not lef- 
fened, preffed the fides and bottom of the 
bladder, whereto it was contiguous into the 
cavity of the pipe, and thrufted it up therein 
fo ftrongly, that the difterided bladder made 
a kind of either thimble or hemifphere 
within the pipe. So that here we have a 
protuberance, like that above-mentioned of 
the finger, effected by pulfion, not attraction ; 
and in a cafe, where there can be no juft pre- 
tence of having recourfe to nature’s abhorrence 
of a vacuum, fince the upper orifice of the 
pipe being left wide open, the air may pafs in 
and out without refiftance. 

THe like {welling of the bladder in the pipe 


we could procure without taking out any of 
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the internal liquor, by thrufting the pipe - 


deeper into the water; for then the external 
liquor having, by reafon of its increafe pf 
depth, a greater preffure on the outfide of the 
bladder, than the internal liquor had on the 
infide of it, the bladder muft yield to the 
ftronger preffure, and confequently be im- 
pelled up. 
. Ir the bladder lying loofe at the lower end 
of the pipe, the upper end were carefully clofed 
with one’s thumb, that the upper air might 
not get out, until the experimentor thought fit, 
and if the thus clofed pipe were thruft almoft 
to the bottom of the water, the bladder would, 
not be protuberant inwards, as formerly ; be- 
caufe the included air, by virtue of its fpring, 
refifted from within the preffure of the exter- 
nal water againft the outfide of fhe bladder : 
but if the thumb, that {topped the pipe’s up- 
per orifice, were removed,-the formerly com- 
: prefied 


504 


prefled air having liberty to expand itfclf, and 
its clafliciry being weakened thereby, the ex- 
ternal water would with fuddennefs and noife 
enoush, not to be unpleafant to the {pectacors, 
drive up the bladder into the cavity of the pipe, 
and kcep it there very protuberant. 

T'o obviate an objection, that I forefaw 
nught be brought in by perfons not well verfed 
in hydroftaticks, I caufed the pipe fore-men- 
tioned, or fuch another, to be fo bent near 
the lower end, as that the orifice of it ftood 
quite on one fide, and the parts of the pipe 
made an angle as near to a right one, as he, 
that blew it, could bring it to. This lower 
orifice being fitted with a bladder, and the 
pipe, with its contained liquor, being thruft 
under water after the former manner, the late- 
ral preffure of the water forced the bladder in- 
to the fhort and horizontal leg, and made it 
protuberate there, as it had done when the 
pipe was ftraight. 

Lastuy, that the experiment might ap- 
pear not to be confined to one liquor ; inftead 
of water, we put into the unbent pipe, as much 
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red wine (whole colour would make it con- 
{picuous) as was requifite to kecp the bladder 
fomewhat {welling outwards, when it was 
fomewhat near the bottom of the water; and 
then it was manifeft, that, according as we had 
foreleen, the fuperficies of the ree! liquor in 
the pipe was a good deal higher than that of 
the external water, and it the depth of beth 
liquors were proportionably leffened, the dit- 
ference of height betwixt the two  furfaccs 
would indeed, as it ought to happen, decreale, 
but {till the furface of the wine would be the 
higher of the two, becaufe, being lighter in 
{pecie than the common water, the aquilibrium 
between the preffures of the two liquors upon the 
bladder would not be maintained, unlefs a 
greater height of wine compenfated its deteét 
of fpecifick gravity. And if the pipe was 
thruft deeper into the water, then the bladder 
would be made protuberant inwards, as when 
the pipe had water in it. By which it appears, 
that thefe phzenomena, without recourfe to at- 
traction, may be explicated barely by the laws 
of the equilibrium of liquors. 
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Y willingnefs to make the bulk of 
M the papers about the hidden qualities 
| of the air lefs inconfiderable, by 
things, that were of affinity to the fubyect, in- 
ducing me to tumble over fome of my adver- 
faria, 1 met among them with divers loofe 
notes, or fhort memorials of fome experiments 
.J made feveral years ago (and fome of a frefher 
date) about the prefervation of bodies by ex- 
cluding the air. Wherefore I was eafily per- 
fuaded to fubjoin thefe to the additional expe- 
riments laft recited. For it feems not yet clear, 
.by what manifeft quality the exclufion of the 
air fhould fo much contribute to keep from 
putrefaction variety of bodies, that are ufually 
found very much difpofed to ir. And there- 
fore, till the.caufe.of this prefervation be fur- 
-ther penetrated, it may not’ be altogether im- 


pertinent to mention fome experiments relating 
toit, And though thefe be only fuch, as come 
now to hand, and were moft of them fet down 
rather as notes than relations ; yet being faith- 
fully regiftered, and moft of them having been 
made in Vacuo Boyliano (as they call it) they 
will probably be new, and fo perhaps not al- 
together ufelefs to naturalifts, who may vary 
them, and requite me for them, by trying the 
fame experiments, I made by the removal of 
the air, by the bare exclufion of adventi- 
tious air. For fometimes through hatte I did 
not, and fometumes for want of conveniency 
I could not try, whether the fame phzno- 
mena would appear, if the fame bodies were 
fhut up with air in them, provided thcy were 
diligently kept from all commerce with the 
air about them. 

NEW 
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EXPERIMENT I. 


PIECE of roafted rabbet, being exactly 

clofed up in an exhaufted receiver the 
fixth of November, was two months, and fome 
few days after taken out, without appearing 
to be corrupted, or fenfibly altered in colour, 
tafte, or {mell. 


EXPERIMENT IL. 
A SMALL glafs-receiver, being half filled 

with pieces of white-bread, (part cruft 
and part crumb) was exhaufted, and fecured 
the eleventh of March: the receiver being 
opened the firft of April, part of the bread 
was fhaken out, and appeared not to have been 
confiderably, if at all fenfibly, impaired in 
that tre, fave, that the outfide of fome 
pieces of crumb feemed to be a little, and but 
a little, lefs foft and white than before. There 
appeared no drops, or the leaft dew on the in- 
fide of the glafs. The remaining bread was 
again fecured foon after. . 

Tue eighteenth of /pril, the bread was 
taken out again, and tafted much as it did the 
daft time, the cruft being alfo foft, and no 
‘drops of water appearing on the infide of the 
glafs, . ! 


EXPERIMENT II. 
| if Sacioti day (being the ninth of March) I 
opened a {mall exhaufted and fecured re- 
ceiver, wherein, about the ninth of December, 
that is, about three months ago, we had in- 
cluded fome milk : upon opening an accefs to 
the air, we found the milk well coloured, and 
turned partly into a kind of whey, and partly 
into a kind of foft curd. The tafte was not 
offenfive, only a little fourifh like whey, and 
the fmell was not at all ftinking, but fomewhat 
Jike that of fourifh milk. 


EXPERIMENT IV. 


HE violet-leaves, that were put up, and 

freed and fecured ‘from air the fifth of 
March, being this day opened, (4pril the {e- 
venth) appeared not to have changed their 
fhape, or colour, or confiftence: for, as for 
their odour, it could not be well judged of, 
becaufe he that included them had, for his 
own eafe, contrary to my exprefs direction, 
crufhed many of them together in thrufting 
them down ; and by fuch a violation of* their 
texture, it is natural for violets to lofe their 
fragrancy, and acquire an earthy {mell. 


EXPERIMENT VV. 
His carefully placed fome violets 


in an exhaufted receiver, of a conve- 
nient fize and bignefs, and fecured it from im- 
Vou. MI. 


mediate commerce with the external air; the 
feventh month after we looked upon them 
again, and found they were not putrified, or 
refolved into any mucilaginous fubftance, but 
kept their fhape entire, fome of them retaining 
their colour, but more of them having fo lott 
it, as to look like white violets. 


EXPERIMENT VI. 
i” aeons the fifth, we conveyed into 


a convenient fhaped receiver fome ounces 
of fheep’s-blood, taken from an animal, that 
had been killed that afternoon. And after 
the exhauftion of the air, during which ftore 
of bubbles were generated in the liquor, that 
made it {well notably, the included blood was 
kept in a place, (whofe warmth we judged 
equal to that of a digeftive furnace) for twenty 
days; for one or two of the firft of which, 
the blood feem to continue fluid, and of a 
florid colour, which afterwards degenerated 
into one, that tended more to blacknefs. On the 
twenty-fifth of November, we came to fet in 
the external air, and found it to rufh into the 
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receiver, and the glafs containing the blood, be- ° 


ing held in a lightfome place, the moft part. 


of the bottom of it feemed to be thinly over- 
Jaid with a coagulated fubftance, of a higher 
co!our than that, which {warm above it, which 
yet, though it appeared dark, and almoft 
blackifh in the glafs, whilft it was looked on 
in the bulk, yet, if it was fhook, thofe parts 
of it, that fell down along the infide of the 
glafs, appeared of a deep, but fair colour. 
But whilft the blood continued in the glafs, it 
was fuppofed not to ftink, fince, even when it 
was poured out, though its {mell feemed.to me 
(whofe organs of fmelling are tender) to have 
I know not what, that was offenfive, yet to 
others it feemed to fmell but as the blood of a 
newly killed dog. 


EXPERIMENT VIL. 
re cream being put up and fecured the 


feventeenth of March, in an exhaufted 
receiver, did this day appear to be more thick, 
and almoft butter-like at the top (whofe fuper- 
ficies feemed rugged) than otherwhere; and 


afterwards by being well fhaken together in the 


not inconveniently fhaped glafs, was eafily 
enough reduced fo butter, whofe butter-milk, 
by the judgment of thofe, who were more 
ufed to deal in it than I, appeared not differing 
from ordinary butter-milk. And I found it 
had, like that, a grateful fournefs. The but- 
ter was judged to be a litele fourer than ordi- 
nary, but was not, as they fpeak, made, 

{In the entry of this experiment, blanks 
were left for the years; but the tenor of the 
words, and defign of the experiment, and 
other circumftances, affure me, that the cream 


continued a year in the veffel. J 
6N ,EXPE- 
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New EXPERIMENTS, €s7c. 


EXPERIMENT VII. 


EBRUARY the eighteenth, we looked 

again upon three vials, that had been ex- 
haufted and fecured the fifteenth of September 
Jatt; the one of thefe had in it fome flices of 
roafted beef, and the other fome fhivers of white 
bread, and the laft fome thin pieces of cheefe ; 
all which feemed to be free from putrefaction, 
and looked much as they did, when they were 
firft put up: wherefore we thought not fit to 
let the air into the receiver, but left them as 
they were, to lengthen the defigned trial. 


EXPERIMENT IX. 


EBRUARY the eighteenth, there was a 
fourth vial, wherein, about fix months be- 
fore, viz. Auguft the twelfth, had been inclofed 
and fecured fome July flowers and a rofe ; and 
yet thefe being kept in the fame place with the 
re{t, though they feemed a little moift, retained 
their fhape and colour, efpecially the rofe, 
which looked frefh enough to feem to have 
been gathered but lately. | 
N.B. Tuat we obferved not in any of 
thefe four receivers any great drops, or fo much 
as dew in the upper parts, viz. thofe, that were 
fituated above the included matter. 


EXPERIMENT X, 


UNE the fourth, we left fome f{trawberries 

inan exhaufted receiver, and coming to look 
upon them after the beginning of November, 
we found them to be difcoloured, but not al- 
tered in fhape, nor affording any fign of cor- 
ruption, by being at all mouldy : wherefore we 
thought fit to leave them ftill in the receiver 
for further trial. 


EXPERIMENT XI. 


I AY the fecond, 1669, a piece of roafted 
beef, fecured September the fifteenth, ap- 
peared to be not at all altered: as did likewife 
a piece of cheefe fecured in another receiver ; 
and fome pieces of a French rofe the fame day 
(September the fifteenth) fecured in a third. 
N.B. Tue flowers fealed up uguft the 
twelfth, 1668, being this day looked upon, 
appeared frefh, and confequently did fo, after 
having been kept eight months and an half. 


EXPERIMENT XI 


HERE was taken beer of eight fhillings 

a barrel, of a year old, near a pint of 
which, fune the feventeenth,was put into a con- 
venient fhaped glafs, and it was afterwards ex- 


-haufted and fecured from the air; the moft 
‘part of the month of Augu/t proved extraordi- 


narily hot. Towards the latter end, there was, 
at feveral times, great thunder, which made 
the beer in our cellar, and in moft of thofe of 
the neighbourhood, turn four. The firft of 
S¢;tember the beer was opened, but did not 


fecm to have degenerated into any fourneds. 


EXPERIMENT XU. 


<— G defirous to try, whether the thun- 
cer would have fuch effect upon ale, ex- 
actly {topped in glafs veffels, as it often has on 
that liquor in the ordinary wooden cafks, I 
caufed fome ale, moderately ftrong, to be put 
into a conveniently fhaped receiver ; and hav- 
ing exhaufted the air, and fecured a glafs vef- 
fei, 1t was put into a quict, but not cool, place: 
laft week, which was about fix weeks after the 
liquor had been inclofed, there happening fome 
very loud thunder, and our beer, though the 
cafk was kept in a good cellar, being gene- 
rally noted to have been turned four after this 
thunaer ; I ftaid yet a day or two longer, that 
the operation upon our included liquor might 
be the more certain and manifeft ; and then, 
permitting an accefs to the outward air, we 
took out the ale, and found it to be good 
drink, and not at all foured. 

Compare this with the wifh made in 
the Effay of the great efficacy of effuviums, 
chap. V. that fuch an experiment fhould be 
tried. 


EXPERIMENT XIV. 
yr ala seat the twenty-firft, 1670, 


forme blackberries, included in an exhauft- 
ed receiver, were opened une the twentieth, 
1673, and were found free from all mouldi- 
nefs and ill-fcent; only there was found fome 
liquor, that was four, which being taken out, 
the berries were fecured again. 

[At the fame time, was another parcel of 
the fame berries exactly clofed up in a receiver, 
whence the air was not pumped, to try what 
difference in the event would appear by this 
variation. But, coming in Oéoder the eleventh, 
1673, to look upon the glafs, we found. it 
cracked, and the fruit all covered over with a 
thick mould. Nor was this the only veffel, 
wherein trials, made to preferve fruits, without 
any exhauttion of the air, mifcarried. ] 

OctToser the eleventh, 1674, the fame 
berries, being looked upon, appeared to have 
their colour altered, and much lefs black than 
before; but did not appear putrefied by either 
lofs of fhape, or by any ftinking {mell, nor was 
the leaft mouldinefs obferved to be on them, 
though they had been kept in the fame receiver 
above four year. 

Tuat fruéius borarii, efpecially fo tender 
and juicy ones, fhould, without any additament, 
be preferved from putrefaction fo many times 
longer than otherwife they would have lafted ; 
as it is more than would be expected, fo it may 
give hopes, that both odd and ufeful things of 
this kind, may be this way performed. 


POSTSCRIPT. 


HE foregoing experiments, as the memo- 

rials themfelves declare, were all of them 

made in vacuo Boyliano, nor did I intend te fet 
down any. other: but meeting, among thofe 
memorials, with a fhort account of a couple “ 
trials 


An Account of the HELMoNTIAN LauDANUM. 


trials made without the help of our pneumatic 
engine, | was induced to annex them, becaufe 
many may make the like, that will not be able 
to make fuch as have been hitherto recited. 
And thefe two requiring no peculiarly fhaped 
velfels, it it thought, it may prove of fome 
ceconomical, as well as phyfical ufe; if it be 
fhewn by experience, that liquors hermetically 
fealed the ordinary way in common bolt-heads, 
may be kept from fouring very much beyond 
their ufual time of lafting. 

June the fourteenth, we put a convenient 
quantity of good ale into a bolt-head, and 
fealed it up hermetically ; the next year, on 
the fifth of uly, we broke off the feal, and 
found the liquor very good, and without any 
fenfible fournefs. The next day it was fealed 
up again, and fet by for thirteen months, at 
which time the neck of the glafs being broken, 
the ale was found pretty four, and therefore 
the trial was profecuted no farther: fo that, 
though this liquor would not by this way of 
prefervation be kept from fouring fo long as 
the wine, to be mentioned in the following ex- 
periment, yet even a {mall quantity of it was 
preferved good at the leaft above a year, which 
is very much longer than ale is wont to keep 
from fouring. 

June the fourteenth, 1670, in a large 
bolt-head was hermetically fealed up about a 


pint, by guefs, of French claret wine, which, 
when we came to look upon, Fly the fifth, 
1671, appeared very clear and high coloured, 
and had depofited ftore of feces at the bottom 
of the glafs, but faftened no tartar, that we 
could perceive to the fides. Upon the break- 
ing of the fealed end of the glafs, the by- 
ftanders thought, that there was an eruption 
of included air or fteams, and, above the fur- 
face of the wine, there appeared, to a pretty 
height, a certain white fmoke almoft like a 
mift, and then gradually vanifhed : the wine 
continued well-tafted, and was a little rough 
upon the tongue, but not at all four. 

Tue bolt-head was fealed up again July 
the fixth, 1671, and fo fet by tll Auguf the 
fifth, 1672, at which time it was opened again, 
and then the wine did ftill tafte very well. 

June the twenty-fixth, 1673, the bolt-head, 
with the fame claret wine, was opened, and was 
found very good, and was fealed up again. 

OcToBER the eleventh, 1674, the fame 
claret wine was opened again, and appeared cf 
a good colour, not four, but feemed fome- 
what lefs {piritous than other good claret wine, 
perhaps becaufe of the cold weather. 

Tuts, and the foregoing trial about the pre- 
fervation of ale, were made in Mr. Oldenburg’s 
houfe, and prefence. 


An Account of the Two Sorts of the HELMONTIAN 
LAUDANUM, together with the Way of the Noble 
Baron F. MZ. van Helmont, (Son to the famous Yo- 
hannes Baptifta) of Preparing his LAUDANUM. 


Firft publifhed in the PoitosopuHicaL Transactions, No. cvii. 
p. 147, for October 26, 1674. 


S for the Helmontian Laudanum, you 
A may ufe your own liberty in fufpecting 
the receipts, that go about of it. For the name 
itfelf feems ambiguous to me, who am well 
informed, that there are two forts of the Hel- 
montian Laudanum; the one ufed by the 
elder Helmont, the other by his fon. The 
former was as a great fecret communicated to 
me by an expert chemift, fent by a German 
prince to compliment Fobannes Bapiifa Van 
Helmont, fome of whofe manufcripts (one of 
which perifhed in the fire of London,) he pro- 
cured, together with a way of making his 
Laudanum, which, having received from him 
fourteen or fifteen years ago, I carefully pre- 
pared, and thought my labour fo well recom, 
penfed by the extraordinary operations it hap- 
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not fo much in my hands, as thofe of learned 
phyficians and others, to whom I prefented 
portions of it, that I fhould have thought the 
chemift a benefactor to phyfic, if he would 
have made publick, or permitted me to pub- 
lifh the way of making fo fuccefsful a medi- 
cine. And though the accefs to my labora- 
tory was fo free to ingenious men, who knew 
fuch a medicine to be preparing there, that 
fome of them might eafily fuppofe themfelves 
mafters of the fecret; yet my juftice to the 
communicator, who made a great and deferved 
benefit of the.-laudanum, made me take that 
care to conceal fome circumftances, that men 
may eafily be much more confident than fure, 
that they have the right way of making the 
medicine. Which becaufe I durft not commu- 

nicate, 
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nicate, meeting two years ago with that ob- 
liging and very ingenious perfon, F. M. baron 
Van Helmont, {on to the famous Fobannes Bap- 
tifa, I obtained from him, by word of 
mouth, fome directions about the Jaudanum he 
ufes, which though he confeffed, and I foon 
perceived to be differing from his father’s, yet he 
feemed to think it not inferior and more para- 
ble. But he having, for acertain reafon, 1m- 
parted to me his procefs only by word of mouth ; 
left it fhould flip out of my memory, I foon af- 
ter committed it to writing, as the particulars I 
cathered from his writing occurred to me; and 
at the next feafon caufed the medicine to be 
prepared in my laboratory, where the progrefs 
was often watched in my abfence by a very 
learned and induftrious London doétor, who 
having, at my requeft, made many trials with it, 
and in fome cafes, where other laudanums had 
been found unavailable, both ufes it, and com- 
mends it, more than I could expect from fo 
wary and judicious a man. This medicine 
being fomewhat more cheap and eafy to be 
made than the elder He/mont’s, the experience 
of its efficacy made me defire of the younger 
a permiffion to communicate it for the publick 
good, and to prevent thofe {purious receipts, 
that go about of the Helmontian lJaudanum : 
which requeft of mine being almoft as foon 
granted as made, I think myfelf bound both to 
his own readinefs, to oblige the publick, and to 
acquaint them with his way of making fo confi- 
derable a medicine, as I practifed it ; though if 
I had received his directions in writing, they 


_ might have been more full and methodical. 


But though I perceived, that he fometimes a 
little varies his preparations; yet that lauda- 
num proving very fuccefsful, that was made 
according to the annexed paper, I think it will 
not be amifs to keep to that: which I wifh 


** (For near five pound would perhaps do better. ) | 
I do not.) 
a canva{s-bag. 


from that quantity of {affron.) t (Or its extraét.) 


| (The author fometimes ufes half an ounce more of each {pice ) 
+ (Sometimes the author initead of the powder makes ufe of as much extract as can be cbtained 


could have been publifhed, before the feafon of 
the quinces were fo far advanced. And I thall 
the more hope it may come abroad before it be 
quite too late, if you pleafe to afford it room 
in the papers, wherewith I am informed you 
intend this week to gratify the curious: 


Laudanum Helmontii Funioris. 


AKE of opium a quarter of a pound, 
T and of the juice of quinces four pound ar 
leaft **; the opium being cut into very thin 
flices, and then as it were minced, to reduce 
it into {maller parts, 1s to be put into, and well 
mixed with, the liquor, (firft made lukewarm) 
and fermented with a moderate heat for eight 
or ten days, rather more than lefs; then fil- 
ter* it, and having infufed in it of cinnamon, 
nutmeg and cloves, of each an ounce}, let 
them itand three or four days more ; if it be a 
full week, it may be fo much the better ; then 
filter § the liquor once more, having let it boil 
a whalm or two after the {pices have been put 
in: this being done evaporate away the fuper- 
fluous water to the confiftence of an extract, 
or to what confiftence you pleafe. 

LasTLy, incorporate very well with it 
two, or at moft three ounces of the beit faffron 
reduced to fine + powder. 

Accor pD1nG to the confiftence you defire 
to have your medicine of, you may order it fo, 
as either to make it up intoa mafsof pills (in 
which form I have caufed it to be given,) or 
keep it in a liquid form ;_ but in this later cafe 
the evaporation muft have been made more 
{paringly, that after the putting in of the f faf- 
fron it may not grow too thick. In this form 
the dofe may be from five or fix drops to ten 
or fewer, according to circumftances ; and of 
the pills a fomewhat lefs quantity is required. 


* (Which circumftance the author often omits, though 
§ Or ftrain it well through 
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CONSIDERATIONS 


ABOUT THE 


RECONCILEABLENESS 


OF 


REASON and RELIGION. 


By 7. E.a LAY-MAN. 


To which is annexed by the PUBLISHER, 


A DISCOURSE 


of Mr. BOY LE, 


ABOUT THE 


POSSIBILITY of the RESURRECTION. 


The PUBLISHER to the READER. 


HESE confiderations about religion 
and reafon, delivered by a perfon of 
an excellent genius and ability to con- 

fider the nature of the things he 1s wont to dif- 
courfe upon, being fallen into my hands, nor 
being forbidden to publifh them; 1 thought 
the fubjeé&t fo weighty, and the way of hand- 
ling it both fo difcrete and folid, that I could 
not forbear recommending it to the prefs, be- 
ing fully perfuaded, the publick in general, 
as well as all perfons in particular, that are 
concerned for the fafety both of reafon and re- 
ligion, and confequently for their dignity as 
they are men, and their noblenefs as they are 


Vox. III. 


Chriftians, will find fufficient caufe to be 
pleafed with the publication of it. To which 
I have nothing to add but that, whereas at the 
beginning of the following difcourfe there is 
mention made of its being to confift of two 
parts; one, to fhew, that a Chriftian need 
not lay afide his reafon ; and the other, that 
he is not commanded to do fo: the author 
thought fit to keep that paper, which concerned 
the latter, from now accompanying the for- 
mer, which feems the moft feafonable, and 
likelieft to make impreffions on that fort 
of perfons, whom he chiefly defigns to per- 
fuade. | 


60 The 


The 


T is the vuft gref, and frequent complaint 
of thefe, that take to heart the concerns 
of religion, that they fee it now more fu- 

nouny affaulted and ftudioufly undermined 
than cver, not only by the vicious lives of 
men, but by their licentious difcouries. I 
la oye, there have been vices in the world, as 
lo gas there have been men 3 and it isan ob- 
fervaton as old as Soloincn, Ecclef. vit. 10. 
That roen are apt to look upon their own times 
as worie than thole, that preceded them. And 
becauie [ remember too, that in reciting this 
complaint he difzyproves it; I fhall not dif- 
pute, whether ot.uer ages have been lefs faulty 
than chis we hivein: but this I chink I may fay 
with as much truth as grief, that among us 
here in England, the times, to which our me- 
mory can reach, have been lefs guilty, than 
the prefent time is, of a {preading and bold 
profanenels. For though many allowed them- 
felves ia court gold, and cups, and mittreffles, 
little leis than now they do 3 yet thefe were fill 
acknowledged to be faults even by thofe, that 
commited them, and the precepts and the 
counfels of religion were neglected or difobeyed, 


but not their authority thrown off or affronted ; ‘ 


men retaining yet fuch a kind of refpeét for 
her, as the elder fon in the parable did for his 
father, when, receiving a command from him 
to go and work in his vineyard, he anfwered, 
“© ]oo, Sir, though he went not, Maitb. xxi. 
go. But now tco many of the vicious do not 
only fcandaloudy violate the laws of religion, 
but queftion the truth, and defpife the very 
name of it. They rather chufe to imitate the 
retels in the other parable, and fay of religion 
What they did of their lawiul king, when they 
infolently declared, “* That they would not 
‘¢ have him to reign over them, Lwke xix. 14. 
They feek not to hide their fins, like Adam, but 
think either to cover or protect all others, by 
that greatelt of all impiety; and inftead of 
cheating confcience into filence, (as finners, 
not impudent, are wont to do,) by deceitful 
promifes of repenting hereafter of their fins, 
they endeavour to ftifle or depofe it, by main- 
taining, that repentance is a weaknefs of mind, 
and conicience ought not to be looked on as the 
vicegerent of a deity, whofe very exiftence or 
providence they difpute. 

AnpD that, which more troubled me, and 
made me moit apprehend the foreading of this 
impicty, was, that ic was propagated in a new 
way, that made me fear, the arguments not 
only of vuigar preachers, but even of learned 
divines themfelvces, would be much lefs fit than 
formerly to give a check to its progrefs. For, 
till of late, the generality of our infidels did, 
either as philologers, quettion the hiftorical part 
Or tue icriptures, and perhaps cavil at fume of 
the doctrines; or, it they employed philofo- 
pnical arguments, as Pomponatius and Vaninus 
Gid, cney Lorruwed them trom .4ifforle, or the 
Peripatcack ichcel. And againft both thefe 
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forts of acverlaries, the learneder champions of 
the Chriftian religion, fuch as Vives, Alcrray, 
and Grofius, had turnifhed divines with good 
and proper weapons. For, the hiftorical part 
of the {criptures, and etpecially the miracles, 
were {trongly confirmable by competent tell- 
monies, and other moral proofs, fufAcient in 
their kind. And dAriffotle being himfelf a dark 
and dubious writer, and his followers being on 
that account divided into icéts and parties, 
which for the moft part had nothing to alledge 
but his fingle authority, it was not difficult to 
aniwer the arguments drawn from the Peripa- 
tetick philofophy ; and, if that could not have 
been done, it had not been difficu!t to reject 
the do¢trines themfelves as falfe or precarious. 
But our new libertines take another and fhorter 
way, (though T hope it will not be a more 
profperous one,) to undermine religion. For, 
not troubling themfe!ves to examine the hifto- 
rical or doctrinal paits of Chriftian theology, 
in fuch a way as Jt .vs, Pagans, Mahometans, 
would do; thefe deny thoie very principles of 
natural theology, wherein the Chri. ian, and 
thoie other differing religions agree, and which 
are f{uppofed in almoft all religions, that pretend 
to revelation, namely, the exiftence and pro- 
vidence of a Deity, and a future ftate (after 
this lifé is ended.) For, thefe libertines own 
themielves to be fo upon the account of the E- 
picurean, or other mechanical principles of phi- 
lofophy ; and, therefore, to prefs them with the 
authorities wont to be employed by preachers, 
is improper, fince they are fo far from pay- 
ing any refpect to the venerable fathers of the 
church, that they flight the generality of the 
heathcn philofophers themfelves, judging no 
writers worthy of name, but thofe, that, like 
Leucippus, Democritus, Epicurus, &c. explicate 
things by matter and local motion ; and therc- 
fore it is not to be expected, that they fhould 
reverence any more the Peripatetick arguments 
of Scotus or Aquinas, than the homilies of St. 
Augiuftine, or St. Chryfoftom, and to give Arifto- 
tle himfelf the title of the philofopher, were 
enough to make fome of them conclude the 
afcriber were no philofopher. And this, by 
the way, may excufe me for not having brought 
into the fnllowing papers the fentences of the 
fathers or the moralifts, or the authority of - 
riftotle, or any of the {chcol philofophers, which 
I fhould have declined to employ, though my 
frequent removes from place to place, when I 
was writing thefe papers, had not denied me 
the convenience of a library. 

Tuiwncos being at this pafs, though the ti- 
tle of this difcourfe acknowledges the author of 
it to be a layman; yet I fhall not beg pardon 
for the enfuing papers as for an intrenchment 
upon the ecclefiafticks. For befides that, though 
I know fome funétions, yet I know no truths 
of religion, that have the peculiarity of the 
fhew-bread under the law, Math. xii. 4. with 
which it was lawful only for the priefts to _ 
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dle; I will not fo far miftruft the charity of 
churchmen, as not to fuppofe, that they will 
rather thank than blame any man, that being 
not altogether a ftranger to this warfare, offers 
them his affiftance againft the common enemy 
in fo important a quarrel, and fo great a dan- 
ger. The fathers, and other divines, being 
wont to compare the church militant to a fhip, 
it will not be an improper extenfion of the 
comparifon, to fay, that, when the veffel 1s 
threatened with fhipwreck, or boarded by pi- 
rates, it may be the duty, not only of profeffed 
feamen, but any private pailenger, to lend his 
helping hand in that common danger. And I 
with I wereas fure, that my endeavours will 
prove fuccefsful, as Iam, that fuch churchmen, 
as I moft efteem, will think them neither need- 
lefs nor unfeafonable. Nay, perhaps my being 
a fecular perfon may the better qualify me to 
work on thofe J am to deal with, and may make 
my arguments, though not more folid in them- 
felves, yet more prevalent with men, that ufually 
(though how juftly, let them confider) have a 
particular pique at the clergy, and look with 
prejudice upon whatever is taught by men, 
whofe intereft is advantaged by having what 
they teach believed. And I was the more in- 
vited not to be a mere fpectator, or a lazy de- 
plorer of the danger I faw religion in, becaufe 
it feemed not unhkely, that philofophical inf- 
dels, as they would be thought, would be lefs 
tractable to divines, though never fo good hu- 
manifts and antiquaries, than to a perfon, that 
reafons with them upon their own grounds, and 
difcourfes with them in their own way, having 
had a fomewhat more than ordinary curiofity to 
acquaint himfelf with the Epicurean or Carte- 
fian principles, and exercife himfelf in that phi- 
lofophy, which is very converfant with things 
corporeal, and ftrives to explain them by mat- 
ter and motion, and fhakes off all authority (at 
leaft that ts not infallible.) Upon fuch confi- 
derations as thefe, I complied with an occafion 
Y had of folemnly afking reafon the queftion, 
that ‘Fo/bua once afked the angel, that appeared 
to him in the plains of Fer7cho, ‘* Art thou for 
“* us, or for our adverfaries 2?’ Fo/b.v. 143 and 
of committing to paper thofe thoughts, that 
fhould occur to me on that fubjcét. And this 
I the rather did, that I might thereby, as well 
contribute to my own fatisfaction, as to that of 
my friends. For, as I think, that there is no- 
thing, that belongs to this life, that fo much 
deferves our ferious care, as what will become 
of us when we are paft it; fo I think, that he, 
who takes a refolution, either to embrace or re- 
ject fo important a thing, as religion, without 
ferioufly examining, why he does it, may happen 
to make a good choice, but can be but a bad 
choofer. And, that I might not exclude, by 
too early a method, thofe things, that, for aught 
I knew, might hereafter be pertinent and ufe- 
ful, I threw my reficctions into one book, as 
into a repofitory, to be kept there only as a 
heap of differing materials, that, if they ap- 
peared worth it, they might be afterwards re- 
viewed, and forted, and drawn into an orderly 
difcourfe. But, before I began to do what I 
intended, a fucceffion of accidents (wherewith 
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it would not be proper to trouble the reader,) 
quite diverted me to employments cf a very 
diftant nature; fo that thefe papers, being 
thrown by, did, for divers years, lie ncgl2éted, 
with many others, till at length the perfon, for 
whofe perufal I, in the firft place, defigned 
them, joined with fome other intelligent friends, 
to urge me to fend them abroad, though I was 
not in a condition to give them the finifhing 
{trokes, or fo much as to fill up feveral of the 
blanks, my hafte had made me leave to be fup- 
plied when I fhould be art leifure. And indeed, 
notwithf{tanding the juft averfenefs I had trom 
letting a piece fo incomplete and uncorrected 
appear in this critical age ; yet the hopes, they 
confidently gave me, that this piece, fuch as it 
is, might not be unacceptable nor ufclefs, were 


net, I confefs, altogether groundleds. 


Novetty being a thing very acceptable in 
this age, and particularly to the perfons I am 
to deal with, to whom perhaps it is none of 
the leaft endearments of their errors, I defpair 
not, that it will fomewhat recommend thefe 
papers, to which I defigned to commit not 
tranicripts of what I thought they may have 
already met with in authors, but fuch confide- 
rations, as a ferious attention, and the nature 
of the things I treated of, fuggefted to me; fo 
that moft of the things will perhaps be thought 
new; and fome few things coincident with 
what they may have elfewhere met with, may 
poffibly appear rather to have been fuggefted 
by confidering the fame fubjects, to other au- 
thors and to me, than to have been borrcwed 
by me of them. But fome few things, I con- 
fefs, I employ, that were commonly enough 
employed before, and, I hope, I may, in that, 
have done religion no differvice; for having 
taken netice, that fome of the more familiar 
arguments had a rcal force in them, but had been 
fo unwarily propofed, as to be liable to exceptions, 
that had difcredited them ; I made it my care, 
by propofing them more cautioully, to prevent 
fuch objections, which alone kept their force 
from being apparent. 

I was not unmindful of the great difadvan- 
tage this tract was likely to undergo, partly 
for want of a more curious method, and partly 
becaufe my other occafions required, that 
if I publithed it at all, it muft be left to come 
abroad unpolifhed and unfinifhed. But though 
this inconvenience had like to have fuppreffed 
this difcourfe ; yet the force of it was much 
weakened by this confideration, that this im- 
methodical way of writing would beft comply 
with what was defigned and pretended in this 
paper, which was, not to write a compleat 
treatife of the fubject of it, but only to fug- 
geft about it fome of thofe many confidera- 
tions, that (queftionlefs) might have occurred 
to (what I do not pretend to) an enlightened 
and penetrating intelleé&t. And the loadftone, 
divers of whofe phenomena are mentioned in 
the body of this little tract, fuggefted fome- 
what to me in reference to the publication of 
it, by exciting in me a hope, that, if this dif- 
courfe have any thing near as much truth, as! 
endeavoured to furnifh it with, that truth will 
have its operation upon fincere lovers of it, 
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notwithftancing the want of regularity in the 
mi thod ; as a good loadftone will not, by being 
rougia an! rucicly fhaped, be hindered from 
cxe.cifing its attractive and directive powers 
upon itecl and iron. 

As fer the ftile, Iwas rather fhy than am- 
bitious of bringing in the thorns of the fchool- 
men, or the Howers of rhetorick ; for, the lat- 
ter, though they had, of their own accord, 
fprung up under my pen, I fhould have 
thought improper to be employed in fo ferious 
and philofophical a fubye¢t : and as to the for- 
mer, I declined them, in complaifance to the 
humour of my infidels, who are generally fo 
prejudiced againit the fchool-men, that fcarce 
any thing can be prefented them with more 
difadvantage than in a {cholaftick drefs,; anda 
demonftration will fcarce pais for a good argu- 
ment with fome cf them, if it be formed into 
a fyllogifm in mode and figure. That there- 
fore, which I chiefly aimed at in my expref- 
fions, was fignificancy and clearnefs, that my 
reader might ive, that I was willing to make 
him judge of the ftrength of my arguments, 
and would not put him to the trouble of di- 
vining in whatit lay, nor inveigle him by or- 
naments of fpeech, to think ic greater than it 
was. I was alfo led by my reafon, as well as 
by my inclination, to be careful not to rail at 
my infidels: and though I have fome caufe to 
think, that many of them had their under- 
ftandings debauched by their lives, and were 
fu:deced from the church, not by Dizagoras or 


tucm, as fuppofing them to be what they would 
be thought, friends to philofophy : and being 
but a Jayman, I did not think myfelf obliged 
to taik to them, as out of a pulpit, and threa- 
ten them with dammnation, unlefs they believed 
me, but chofe to difcourfe to them rather as 
to erring virtuofi, than wicked wretches. 
THis moderaticn, that I have ufed towards 
them, will, I hope, induce them to grant me 
two or three reafonable requefts ; whereof the 
firft fhall be, that they would not make a final 
judgment of thefe papers, till they have pe- 
rufed them quite through; efpecially having in 
their eye what ts declared in the preamble, 
where both the defign and {cope of the whole 
difcourfe, and what it does not pretend to, 1s 
expreffed. The next thing Iam to requeft 
of them, and my readers, is, that they would 
not have the meaner thoughts of my arguments, 
for not being propofed with the confidence, 
wherewith many writers are wont to recom- 
mend weaker proofs. For I wrote to intelli- 
gentmen, and, in the judgment of fuch, I ne- 
ver obferved, that a demonftration ceafed to 
be tnought one, for being modeftly propofed ; 
but I have often known a good argument lofe 
of its credit by the invidious title of a demon- 
ftration. And I muft further beg my readers, 
to eftimate my defign in thefe papers, bythe 
title of them, in which I do not pretend to 
make religion trample upon reafon, but only 
to fhew the reconcileablenefs of the one to the 
other, and the friendly agreement between 
them. I am a perfon, who looking upon it 
as my honour and happinefs to be bcth a man, 
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and a Chriftian, would neither write nor believe 
any thing, that might mifbccome me in either 
of thofe two capacities. Iam nota Chriftian, 
becaufe it is the religion of my country, and 
my friends; nor, becaufe lam a ftranger to 
the principles, either of the atomical, or the 
mechanical philofopny. I admit no man’s opi- 
nions inthe whole lump, and have not feru- 
pled, on occafion, to own diffents from the 
generality of learned men, whether philofophers 
or divines: and when I chufe to travel in the 
beaten road, it isnot, becaufe I find it is the 
road, but becaufe I judge it is the way. Pof- 
fibly I fhould have much fewer adverfaries, if 
all thofe, that yet are fo, had as attentively and 
impartially confidered the points in controver- 
fy, as] have endeavoured todo. They would 
then, itis like, have feen, that the queftion I 
handle, is not, whether rational beings ought 
to avoid unreafconable affents, but whether, 
when the hiftorical and other moral proots 
clearly {way the icales in favour of Chriftianity, 
we ought to fly from the difficulties, that at- 
tend the granting of a Deity and Providence, 
to hypothefes, whether Epicurean, or ochers, 
that are themfelves incumbered with confound- 
ing difficulties : on which account I conceive, 
that the queftion between them ancl me is not, 
whether they, or I, ought to fubmit to reafon 
(for we both agree in thinking our felves bound 
to that;) but whether they or I fubmit to rea- 
fon the fullieft informed, and leaft biaffed by 
fenfuality, vanity, or fecular intercft. 

J reverence and cherifh reafon as much, I 
hope, as any of them; but I would have rea- 
fon practice ingenuity as well as curiofity, and 
both induftriouly pry into things within her 
fphere, and frankly acknowledge, (what no 
philofopher, that confiders, will deny,) that 
there are fome things beyond it. And in thefe 
it is, that I think it as well her duty to admit 
revelation, as her happinefs to have it pro- 
pofed to her; and, even as to revelations 
themfelves, I allow reafon to judge of them, 
before fhe judges by them. The following 
papers will, I hope, manifeft, that the main 
difference betwixt my adverfaries and me is, 
that they judge upon particular difficulties and 
objections, and I upon the whole matter. And 
to conclude; as I make ufe of my watch to 
eftimate time, when ever the fun 1s abfent or 
clouded, but when he fhines clearly forth, I 
fcruple not to correct and adjuft my watch by 
his beams caft ona dial; fo, wherever no bet- 
ter light is to be had, I eftimate truth by my 
own reafon; but where divine revelation can 
be confulted, I willingly fubmit my fallible 
reafon to the fure informations afforded by ce- 
leftial light. 

I fhould here put an end to this long preface, 
but that, to the things, which have been faid 
concerning what I have written of my own, I 
fee it is requifite, that I add a few words about 
what I quote from other writers ; efpecially be- 
caufe in this very preface I mention my hav- 
ing intended to entertain my friend with my 
own thoughts. Of the citations therefore, that 
my reader will meet with in the following 
papers, I have this account to give him: 

I, 
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t. That I had written the confideratiouggand di- 
ftinétions, to which they are anne efore 
Imet with thefe cited paflages, wiic | after- 
wards inferted in the margent, atid’ other va- 
_cant places of my epiftle. 2. That thete palf- 
fagés are not borrowed from bdbks, that treat 
of the truth of the Chriftian religion, or of 
Chriftian theology at all, but are taken from 
authors, that write of philofophical fubjects, 
and are by me applied tomine, which are ufual- 
ly very diftant from theirs. 3. Ifyou then afk 
me, why I make ufe of their authority, and did 
not content my felf with my own ratiocina- 
tions? I have this to anfwer; that my defign 
being to convince another, who had no reafon 
to look upon my authority, and whom J had 
caufe to fufpect to have entertained fome pre- 
judices againft any reafons, that fhould come 
from one, that confeffedly aimed at the defend- 
ing of the Chriftian religion, I thought it very 
proper and expedient to lec him fee, that di- 
vers of the fame things (for fubftance) that I 
delivered in favour, of that religion, had been 
taught as philofophical truths by men, that 
were not profeffed divines, and were philofo- 
phers, and fuch ftrict naturalifts, too, as to be 
extraordinarily careful, not to take any thing 


into their philofophy upon the account of re- 
velation. And on this occafion let me obferve 
to you, that there are fome arguments, which 
being clearly built upon fenfe, or evident expe- 
riments, need borrow no affiftance from the re- 
futation of any of the propofers or approvers; 
and may, I think, be fitly enough compared 
to arrows fhot out of a crofs-bow, and bul: 
lets fhot out of a gun, which have the fame 
ftrength, and pierce equally,whether they be dif= 
charged by a child, ora ftrong man. . But then; 
there are other ratiocinations, which either do, or 
are fuppofed to depend, in forne meafure, up- 
on the judgment and fkill of thofe, that make 
the obfervations, whereon they are grounded; 
and their ability to difcern truth from coun- 
terfeits, and folid things from thofe,; that are 
but fuperficial ones: and thefe may be com- 
pared to arrows fhot out of a long-bow, which 
make much the greater impreffion, by being 
fhot by a ftrong and ,fkilful archer. And there- 
fore when we queftion, what doétrines ought; 
or ought not to be thought reafohable, ic does 
not a little facilitate a propofition’s appearing} 
(not contrary, but) confonant to reafon, that it 
is looked upon as fuch by thofe; that areyac- 
knowledged the mafters of that faculty, 5 
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PART I, 


4 S to what you write in your friend’s 
name, near the bottom of the firft 
& MM pidge of your letter, perhaps I hall 
fiot thiftdke, if I guefs, that, when he feems 
but to propofe a queftion, he means an objec- 
tion’; and covertly intimates, that I, among 
many othefs, afh reduced to that pafs, that to 


emBrace our religion, we muft renounce our 
feafon ; antl coniequently, that to be a Chri- 
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ftian, one muft ceafe to be a man, and much 
more, leave off being a philofopher. 

Wuart liberal conceffions foever fome 
others have been pleafed to make on fuch an 
occafion as this, they do not concern me; who; 
being afked but my ownopinion, do not think 
ny felf réfponfible for that of others, And 
therefore, that I may frame my anfwer fo, as 
to meet both with the obvious fenfe of the 

6 P queftion, 
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queftion, and the intimated meaning of him, 
that propotes it, I fhall roundly make a nega- 
tive reply, and fay, ‘‘ that I do not think, 
¢¢ that a Chriftian, to be truly fo, is obliged to 
«¢ forego his reafon; either by denying the 
<¢ dictates of right reafon, or by laying afide 
‘© the ufe of it.” 

I doubt not, but this anfwer is differing 
enough from what your friend expects ; and 
perhaps thofe grants, that have been made by 
the indulgence, or inadvertency of many per- 
fons, eminent for being pious or learned, may 
make you yourfeif ftartle at this declaration: 
and therefore, though you will not, I know, 
expect an anfwer to what objections your 
friend may make, fince he has expreffed but 
what he thinks ought to bea Chriftian’s opi- 
nion, not what he has to object againft what 
is fo; yet, to fatisfy thofe fcruples, that you 
your felf may retain, I fhall endeavour (but 
with the brevity, that becomes a letter) to ac- 
quaint you by themfelves, with fome of the 
pofitive inducements, that have led me to this 
opinion, and interweave fome others, in an- 
{wering the chief objections, that I think likely 
to be made againtt it. 

Anp this preamble, fhort as it is, will, I 
hope, ferve to keep you from miftaking my 
defign ; which, as you may gather from what 
I have intimated, is not to give you the pofi- 
tive proofs of the Chriftian religion (which is 
not here to be expected from a bare defendant,) 
but to give you fome fpecimens of fuch gene- 
ral confiderations, as may probably fhew, that 
the matter (or effential doctrines) peculiar to 
the Chriftian religion 1s not fo repugnant to 
the principles of true natural philofophy, as 
that to believe them, a man muft ceafe to ac 
lie a rational man, any more than he would 
be obliged to do by embracing other religions, 
or even the tenets, that have been held with- 
out difparagement to their intellectuals, by the 
mere philofophers themfelves ; which _latt 
claufe I] add, becaufe, I prefume, you do not 
expect, that I fhould be fo folicitous to vin- 
dicate the Chriftian’s belief of a Deity from 
being irrational; fince, befides that, per- 
haps your friend would think himfelf affront- 
ed to be dealt with as an Atheift, without 
having profeffed himfelf one, the acknow- 
ledgement of a Deity blemifhes the Chriftian’s 
reafon,no more, than it does that of men of 
all religions, not to fay of all mankind ; and 
imports no other contradiction to reafon, than 
what has been judged to be none at all by the 
greateft, if not by all, of the philofophers, 
that were famed for being guided by reafon 
(without revelation.) And I fhall-venture to 
add (upon the by) that, as I do not, for my 
own part, think the Atheift’s philofophical ob- 
jections (if your friend had produced them) to 
be near fo confiderable for weight or number, 
as not only thofe few, that deny a God, but 
many of thofe, that believe one, are wont to 
think; fo the Chriftian is not reduced, as is 
imagined, to make the Being of a Deity a 
mere poftulatum ; fince, befides the philofo- 
phical arguments he can alledge in common 
with the beft champions for a Deity, he has a 
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mirac formed by Chrift and his followers 
being fuch, that if the matter of fact can be 
(as it may be) well evinced, they will not only 
prove the reft of the Chriftian religion, but in 
the firft plac@, that there muft be a God to 
be the Author of them. 

But though of the two things, which my 
defign obliges me to endeavour the making 
good of, the moft natural order feems to be, 
that I fhould firft fhew, that no precepts of 
Chriftianity do command a man to lay afide 
his reafon in matters of religion; and then, 
that there is nothing in the nature of the 
Chriftian doétrine itfelf, that makes a man 
need to do fo; yet I think it not amifs in 
treating of thefe two fubjects to invert the or- 
der, and firft confider that difficulty, which is 
the principal, and which your friend and you 
jointly defire to have my thoughts of; namely, 
‘¢ ‘Whether there be a neceffity for a Chriftian 
“¢ to deny his reafon?”’ And then we fhall pro- 
ceed to examine, whether, though he need 
not difclaim his reafon, it be neverthelefs his 
duty fo.to do? 


ial orm proof, that may fuffice ; the 
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T° proceed then to the confiderations, that 
make up the former part of this epiftle ; 
I fhall, in the firft place, diftinguith betwixt 
that, which the Chriftian religion itfelf teaches, 
and that, which is taught by this or that church, 
or fect of Chriftians, and much more by this 
or that particular divine or {choolman. 

I need not perfuade you, who cannot but 
know it fo well already, that there are many 
things taught about the attributes and decrees 
of God, the myfteries of the trinity, and in- 
carnation, and divers other theological fubjeéts, 
about which not only private Chriftians, but 
churches of Chriftians do not at all agree. 
There are too many men, whofe ambition, or 
boldnefs, or felf-conceit, or intereft, leads them 
to obtrude upon others, as parts of religion, 
things, that are not only ftrangers, but often- 
times enemies to it. And there are others, who, 
out of an indifcrete devotion, are fo folicitous 
to encreafe the number, and the wonderfulnefs 
of myfteries, that, to hear them propofe and 
difcourfe of things, one would judge, that 
they think it is the office of faith, not to ele- 
vate, but to trample upon reafon; and that 
things are then fitteft to be believed, when 
they are not clearly to be proved or underftood. 
And indeed, when, on the one fide, I confider 
the charitable defign of the gofpel, and the 
candid fimplicity, that fhines in what it propo- 
fes, or commands; and on the other fide, 
what ftrange and wild {peculations and infe- 
rences have been fathered upon it, not only 
in the metaphyfical writings of fome {chool- 
men, but in the articles of faith of fome 


churches ; I cannot but think, that if all thefe 


doctrines are parts of the Chriftian religion, 
the apoftles, if they were now alive, would 
be at beft but Catechumeni; and I doubt not, 
but many of the nice points, that are now 
much valued and urged by fome, would be 

as 


Sect. II. 


as well difapproved by St. Paul, as by 4riffotle ; 
and fhould be as little entertained by an ortho- 
dox divine, as a rigid philofopher. I do not 
therefore allow all that for gofpel, which 1s 


taught for fuch in a preacher’s pulpit, or even 


a profeffor’s chair. And therefore, if {cho- 
Jaftick writers, of what church foever, take 
the liberty of impofing upon the Chriftian re- 
ligion their metaphyfical {peculations, or any 
other merely human doétrines, as matters of 
faith, I who, not without fome examination, 
think metaphyficks themfelves not to have 
been for the moft part over-well underftood, 
and applied, fhall make bold to leave all fuch 
private doctrines to be defended by their own 
broachers or abettors; and fhall deny, that it 
will follow, that in cafe of this multitude of 
placets, which fome bold men have been pleafed 
to adopt into the catalogue of Chriftian ve- 
rities, any, or all, fhould be found inconfif- 
tent with right reafon, the Chriftian religion 
muit be fo too. For by that name I under- 
ftand only that fyftem of revealed truths, that 
are clearly delivered in the fcriptures; or by 
legitimate and maniteft confequences deduced 
thence. And by this one declaration, fo many 
unneceffary, and perhaps hurtful retainers to 
Chriftianity will be at once thrown off, that I 
doubt not, but if you confider the matter a- 
right, you will eafily difcern, that by this firft 
diitin€tion I have much leffened the work, 
that is to be doneby thofe, that are to fol- 
Jow it. 
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N the next place, among the things, that 

feem not rational in religion, I make a 
great difference between thofe, in which unin- 
lightened reafon is manifeftly a competent 
judge, and thofe, which natural reafon itfelf 
may difcern to be out of its fphere. 

You will allow me, that natural theology 
is fufficient to evince the exiftence of the deity ; 
and we know, that many of the old philofo- 
phers, that were unaffifted by revelation, were, 
by the force of reafon, led to difcover and 
confefs a God, that 1s, a being fupremely per- 
fect ; under which notion, divers of them ex- 
prefsly reprefent him. Now, if there be 
fuch a being, it is but reafonable to conceive, 
that there may be many things relating to his 
nature, his will, and his management of things, 
that are without the {phere of mere or unaffitt- 
ed reafon. For, if his attributes and perfec- 
tions be not fully comprehenfible to our rea- 
fon, we can have but inadequate conceptions 
of them ; and fince God is a Being, toto calo, 
as they fpeak, differing from all other beings, 
there may be fome things in his nature, and 
in the manner of his exiftence, which is with- 
out all example, or perfect analogy, in inferior 
beings. For we fee, that even in man him- 
felf, the co-exiftence and intimate union of 
the foul and body, that is, an immaterial and 
a corporeal fubftance, 1s without all prefident 
or parallel in nature. And though the truth 
of this union may be proved ; yet, the manner 
of it was never yet, nor perhaps ever will be, 
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in this life clearly underftood, (to which pur- 
pofe I fhall elfewhere fay more.) Moreover; 
if we fuppofe God to be omnipotent, (that is, 
to be able to do whatever involves no con- 
tradiction, that it fhould be done,) we muft 
allow him to be able to do many things, that 
no other agent can afford us any examples of, 
and fome of them perhaps, fuch as we, who 
are but finite, and are wont to judge of things 
by analogy, cannot conceive how they can be 
performed. Of the Jaft fort of things may 
be the recollecting a fufficient quantity of the 
{cattered matter of a dead human body, and 
the contriving of it fo, that (whether alone, 
or with fome addition of other particles) upon 
a re-conjunction with the foul, it may again 
conftitute a living man, and fo effect that 
wonder we call the refurreClion. Of the lat- 
ter fort, is the creation cf matter out of no- 
thing, and much more the like produétion of 
thofe rational and intelligent beings, human 
fouls. For as for angels (good or bad) I 
doubt, whether mere philofophy can evince 
their exiftence, though I think it may the 
pofibility thereof. And fince we allow the 
Deity a wifdom equal to this boundlefs power; 
it 1s but reafonable to conceive, that thefe un- 
limited attributes confpiring, may produce 
contrivances and frame defigns, which we men 
muft be unable (at leaft of ourfelves) fuff- 
ciently to underftand, and to reach to the 
bottom of. And by this way of arguing, it 
may be made to appear, that there may be many 
things relating to the Deity above the reach 
of unenlightened human reafon. Not that I 
affirm all thefe things to be, in their own na- 
ture, incomprehenfible to us, (though fome of 
them may be fo,) when they are once pro- 
pofed ; but that reafon, by its own light, 
could not difcover them particularly, and there- 
fore it muft owe its knowledge of them to 
divine revelation. And if God vouchfafes to 
difclofe thofe things to us, fince not only he 
muft needs know about his own nature, at- 
tributes, &c. what we cannot poffible know 
unlefs he tells us, and fince we know, that 
whatever he tells us is infallibly true, we have 
abundant reafon to believe rather what he de- 
clares to us concerning himfelf and divine 
things, than what we fhould conclude or guefs 
about them, by analogy to things of a nature 
infinitely diftant from his, or by maxims framed 
according to the nature of inferior beings. Hf 
therefore he clearly reveal to us, that there is 
in the Godhead, three diftinét perfons, and 
yet that God is one, we, that think ourfelves 
bound to believe God’s teftimony in all other 
cafes, ought fure not to difbelieve it concerning 
himfelf, but to acknowledge, that in an un- 
paralleled and incomprehenfible Being, there 
may be a manner of exiftence not to be paral- 
leled in any other being, though it fhould ne- 
ver be underftood by us men, who cannot 
clearly comprehend, how in ourfelves two fuch 
diftant natures, as that of a grofs body, and 
an immaterial fpirit, fhould be united, fo as to 
make up one man. In fuch cafes therefore, as 
we are now fpeaking of, there muft indeed 
be fomething, that looks like captivating one’s 
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rodfcen, butit is a fubmiffion, thac reafon iticlf 
obliges us to make 5 and he, that in fuch pomts 
as ther, believes rather what the divine writings 
tercn hun, than what he would think, uf they 
had nevee intormed him, does not renounce 
or cuflave hiv reafon, but fuffers it to be pupil 
to an omnifeicnt and infailible inftructor, who 
can teach him fuch things, as neither his own 
mcre reafon, ror any others could ever have 
ducovered to him. 

I thought to have here difmiffed this propo- 
fition, bur I mnft not omit to give it a confr- 
mat.on afforded me by chance, (or rather pro- 
vidence :) for, fince I writ the laft paragraph, 
refuming a philofophical enquiry, I met, in pro- 
fecuting it, with a couple of tcftimonies of the 
trutn of what I was lately telling you, which 
are given, not by divines or fchoolmen, but by 
a couple of famous mathematicians, that have 
both led the way to many of the modern phi- 
lofopheis, to fhake off the reverence wont to 
be borne to the authority of great names, and 
have advanced reafon in a few years,.-more than 
fuch as Vaninus and Pompovatius would do in 
many ages; and have always boldly, and fome- 
times fucccistuliy, attempted to explain intel- 
ligibly thofe things, which others fcrupied not, 
either openly or tacitly, to confefs inexplicable. 

Tue firft of thefe teftimonies I met with in 
a little French treatife put out by fome mathe- 
matician, who, though he conceals his name, 
appears, by his way of writing, to bea great 
virtuofo, and takes upon him te give his rea- 
ders in French the new thoughts of Galileo, 
by making that the title of his book. This 
writer then fpeaking of a paradox (which I but 
recite, of Gui i’s, that makes a point equal 
to acircl:, adds. & per confequent Pon peut 
dire, i.e. and confequcntly one may fay, that 
all circles are equal between themfelves, fince 
each of them 1s equal to a point. For though 
the imagination be over-powered by this idea, 
or notion, yet reafon will fufer itfelf to be per- 
fusded of it. I know fcontinues he) divers 
other exccllent perforis, (belides Galiieo) who 
conclude the fame thing by other ways; but 
all are conitrained to acknowledge, that indi- 
vifible and infinite are things, that do fo fwal- 
low up the mind of man, that he fcarce knows 
what to pitch on, when he contemplates them. 
For it will follow, from Galileco’s fpeculation, 
&c, which paffage I have cited, to fhew you, 
that Galileo is not the only philofopher and 
mathematician, who has confeifed his reafon 
quite paffed akout the attributes of what is in- 
finite. 

Tae other teftimony I mentioned to you, 
is that of the excellent Des Cartes, in the fe- 
cond part of his principles of philofophy, where, 
fpeaking of the circle to be made by matter 
moving through places itil lcffer and leffer, he 
has this ingenious acknowledgment; fatendam 
tanen ft (Lays he) in motu ifto aliquid reperirt, 
quod msis quidem nofira percipit effe verum, fed 
lainen quo podto flats non comprebendit, nempe 
divifionei quai indam particularum materie in 
jnfttiuin, five indefinitam, atque im tot partes 
ut nulla cogita:ie'.e determinare poffimus tam ex- 
iguam, quin intelligamus ipfam in alias adbuc 


mincres reipfa effe diziiam, And in the clofe 
of the next paragraph, he gives this for a rea- 
fon, why, though we cannot comprehend this 
indefinite divifion, yet we ought not to doubt 
of the truth of it, that we difcern it to be of 
that kind of things, that cannot be comprized 
by our minds, as being but finite. 

Ir then fuch bold and piercing wits, and 
fuch excellent mathematicians, are forced to 
confefs, that not only their own reafon, but 
that of mankind, may be paffed and non-pulffed 
about quantity, which is an object of contem- 
plation natural, nay, mathematical, and which 
is the fubyect of the rigid demonttrations of 
pure mathematicks; why fhould we think it 
unfit to be believed, and to be acknowledged, 
that in the attributes of God, who is effentially 
an infinite Being, and an eas fneularifimunr, 
and in divers other divine things, of which we 
can have no knowledge without revelation, 
there fhould be fome things, that our finite un- 
derftandings cannot, efpecially in this life, clear- 
ly comprehend. 
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O this confideration, I thall, for affinity’s 

fake, fubjoin another, which I leave to 
your liberty to look upon as a diftinét one, or 
as an enlargement and application of the for- 
mer. 

Iconfider then, that there is a great diffe- 
rence between a do¢trine’s being repugnant to 
the general and well-weighed rules or dictates 
of reafon, in the forming of which rules, it 
may be fuppofed to have been duly confidered ; 
and its difagreeing with axioms, at the eftablith- 
ment whereof the doctrine in queftion was pro- 
bably never thought on. There are feveral 
rules, that pafs current, even among the moft 
learned men, and which are indeed of very 
great ufe, when reftrained to thofe things 
whence they took their rife, and others of the 
like nature ; which yet ought not to overthrow 
thole divine doctrines, that feem not confonant 
tothem. For the framers of thefe rules hav- 
ing generally built them upon the obfervations 
they had made of natural and moral things, 
fince (as we lately argued) reafon itfelf cannot 
but acknowledge, there are fome things out 
of its fphere, we muft not think it impoffible, 
that there may be rules, which will hold in all 
inferior beings for which they were made; and 
yet not reach to that infinite and moft fingular 
Being, called God, and to fome divine matters, 
which were not taken into confideration, when 
thofe rules were framed. And indeed, if we 
confider God as the author of the univerfe, 
and the free eftablifher of the laws of motion, 
whofe general concourfe is neceffary to the con- 
fervation and efficacy of every particular phy- 
fical agent, we cannot but acknowledge, that, 
by with-holding his concourfe, or changing 
thefe laws of motion, which depend perfectly 
upon his will, he may invalidate moft, if not 
all the axioms and theorems of natural philofo- 
phy : thefe fuppofing the courfe of nature, and 
efpecially the eftabluhed laws of motion among 
the parts of the univerfal matter, as thofe upon 
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which all the pheenomena depend. It isa rule 
in natural philofophy, that caufee neceffarie fem- 
per agunt quantum poffunt , but it will not follow 
from thence, that the fire muft neceflarily burn 
Daniel’s three companions, or their clothes, 
that were caft by the Babylonian king’s com- 
mand into the midft of a burning fiery fur- 
nace, when the author of nature was pleafed 
to withdraw his concourle to the operation of 
the flames, or fupernaturally to defend againft 
them the bodies, that were expofed to them. 
That men once truly dead cannot be brought 
to life again, hath been in all ages the doctrine 
of mere philofophers ; but though this be true, 
according to the courfe of nature, yet it will 
not follow, but that the contrary may be true, 
if God interpofe either to recal the departed 
foul, and re-conjoin it to the body, if the or- 
ganization of this be not too much vitiated, or 
by fo altering the fabrick of the matter, where- 
of the carcafe confifts, as to reftore it to a fit- 
nefs for the exercife of the functions of life. 
Agreeably to this, let me obferve to you, that, 
though it be unreafonable to believe a miracu- 
lous effect, when attributed only to a mere 
phyfical agent; yet the fame thing may rea- 
fonably be believed, when afcribed to God, or 
to agents affifted with his abfolute or fuperna- 
tural power. That a man born blind fhould, 
in a trice, recover his fight, upon the applica- 
tion of clay and fpittle, would juftly appear in- 
credible, if the cure were afcribed to one, that 
acted as a mere man; but it will not follow, 
that it ought to be incredible, that the Son of 
God would work it. And the like may be faid 
of all the miracles performed by Chrift, and 
thofe apoftles and other difciples of his, that 
acted by virtue of a divine power and com- 
miffion. For in all thefe, and the like cafes, it 
fuffices not to make one’s belief irrational, that 
the things believed are impoffible to be true, 
according to the courfe of nature; but it muft 
be fhewn, either that they are impoffible, even 
to the powcr of God, to which they are a- 
{cribed, or that the records, we have of them, 
are not fufficient to beget belief in the nature 
of a teftimony; which latter objection againft 
thefe relations is foreign to our prefent dif- 
courfe. And as the rules about the power of 
agents will not all of them hold in God, fo I 


-might fhew the like, if I had time, concerning 


fome of his other attributes: infomuch, that 
even in point of juftice, wherein we think we 
may freelieft make eftimates of what may or 
may not be done, there may be fome cafes, 
wherein God’s fupreme dominion, as maker and 
governor of the world, places him above fome of 
thofe rules; 1 fay, fome, for I fay not above 
all thofe rules of juftice, which oblige all in- 
ferior beings, without excepting the greateft 
and moft abfolute monarchs themfelves. I will 
not give examples of his power of pardoning 
or remitting penalties, which is but a relaxing 
of his own right; but will rather give an in- 
{tance in his power of afflicting and extermi- 
nating men, without any provocation given 
him by them. I will not here enter upon the 
controverfy de jure Dei in creaturas, upon 
what it 1s founded, and how far it reaches. 
Vou. Ill. 
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For, without making myfelf a party in that 
quarrel, I think, I may fafely fay, thar God, 
by his right of dominion, might, withcut any 
violation of the laws of juftice, have deftroy- 
ed, and even annihilated dam and Eve, before 
they had eaten of the forbidden fruit, or had 
been commanded to abftain from it. For man 
being as much and as entirely God’s workman- 
fhip as any of the other creatures, unlefs God 
had obliged himfelf by fome promife or pact, 
to limit the exercife of his abfolute dominion . 
over him, God was no more bound to preferve 
Adam and Eve long alive, than he was to pre- 
ferve a lamb, or a pidgeon; and therefore, as 
we allow, that he might juftly recal the lives 
he had given thofe innocent creatures, when he 
pleafed, (as actually he often ordered them to 
be killed, and burned in facrifice to him:) fo 
he might, for the declaration of his power to 
the angels, or for other reafons, have fuddenly 
taken away the lives of Adam and Eve, though 
they had never offended him. And upon the 
fame grounds he might, without injuftice, have 
annihilated, I fay not, damned their fouls ; he 
being no more bound to continue exiftence to 
a nobler, than a lefs noble creature ; as he is 
no more bound to keep an eagle, than an oy- 
{ter always alive. I know, there is 2 difference 
betwixt God’s refuming a being he lent Adam, 
and his doing the fame to inferior creatures : 
but that difparity, if it concern any of his at- 
tributes, will concern fome other than his jut- 
tice ; which allowed him to refume, at plea- 
fure, the being he had only lent them, or lay 
any affliction on them, that were leffer than 
that good could countervail. But, mentioning 
this inftance only occafionally, I fhall not pro- 
fecute it any further, but rather mind you of 
the refult of this and the foregoing confidera- 
tion; which is, that divinely revealed truths 
may feem to be repugnant to the dictates of 
reafon, when they do but feem to be fo: nor 
does Chriftianity oblige us to queftion fuch 
rules, as to the cafes they were framed for, but 
the application of them to the nature of God, 
who has already been truly faid to be ens fingu- 
lariffinum, and to his abfolute power and will ; 
fo that we do not reject the rules we fpeak of, 
but rather limit them ; and when we have re- 
{trained them to their due bounds, we may 
fafely admit them. 

From men’s not taking notice of, or not 
pondering this neceffary limitation of many 
axioms delivered in general terms, feems to 
have proceeded a great error, which has made 
fo many learned men prefume to fay, that this 
or that thing is true in philofophy, but falfe 
in divinity, or on the contrary: as for inftance, 
that a virgin, continuing fuch, may have a 
child, is looked upon as an article, which theo- 
logy afferts to be true, and philofophy pro- 
nounces impoffible. But the objection is ground- 
ed upona miftake, which might have been pre- 
vented by wording the propofitions more wa- 
rily and fully. For though we grant, that phy- 
fically fpeaking, it is falfe, that a virgin can 
bring forth a child; yet that fignifies no more, 
than that, according to. the courfe of nature, 
fuch a thing cannot come to pafs ; but fpealing 
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abfolutely and indefinitely, without confining 
the effecc to mere phyfical agents, it may fafe- 
ly be dente, that philofophy pronounces it im- 
pofible, that a virgin {nculd ba mother. For 
why fhould the author of nature be confined to 
the ways o: working of dependent and finite 
agerts? And to apply the anfwer to the divines, 
that Loli the opinion I oppofe, I fhall de- 
mand, why God may not out of the fubftance 
of a woman form aman, without the help of 
aman, as weil as at the b:ginning of the tub- 
ftacce of a man he formed a woman without 
the concurrence of a woman? And fo that 
iron, being a body far heavier (7 /pecie, as 
they fpeak,) will, if upueld by no other body, 
fink in water, is a truth in natural philofophy ; 
but fince phyficks themfelves lead men to the 
acknowledgment of a God, it is not repug- 
nant to reafon, that, it God pleafe to interpote 
his power, he may (as in Elifoa’s cafe) make 
iron {wim, either by with-holding his concourfe 
to the agents, whatever they be, that caufe 
eravity in bodies, or perhaps by other ways un- 
known to us ; fince a vigorous loaditone may, 
as I have more than once tried, kcep a piece 
of iron, wnich, it touches not, fwimming in 
the air, thouth t..is thin body mutt contribute 
far lefs, than wat.r would, to the fuftaining it 
al ort, 

Tuat fine philofopher Des Cartes, who 
has with great wit and nolefs applause atrcempted 
to carry the mechanical powers of matters 
higher than any of the modern nhilofuphers ; 
this naturaiuit, 1 fay, that afcribes fo great a 
power to matter and motion, was fo far from 
thinking, that what was impoffible to them, 
muft be fo to God too, that, though hz were 
urged by a learned adveriary with anargument, 
as likely as any to give him a ftrong temnta- 
tion to limit the omnipotence of Gol; yet 
even on this occafion he fcruples not to make 
this ingenious and wary acknowledgment, and 
that in a private letter; ‘* lor my part, fays 
“he, [think we ought never to fay of any 
thing, thit it is mpofMible to God. For all, 
that istrue and good, being dependent on 
his all-mightinefs, I dare not fo much as fay, 
that God cannot make a mountain without 
a valley, or cannot make it true, that one 
and two fhall not make three ; but I fay 
only, that he has given mca foul of fucha 
nature, that { cannot conceive a mountain 
without a valley, nor that the aggregate of 
one and of two fhall not make three, &c. 
and I fay only, that fuch thingsimply a con- 
tradiction in my conception.”” And confo- 
nantly to this, in his Principles of Philofophy 
he gives, on acertain occafion, this ufeful cau- 
tion,— Quod ut falis iutd &F fine errandi peri- 
culo aggrediamur, ed nobis cauteld eft ulendum, 
ut femper quain maxime recordemur, 8 Deum 
autorem rerum effe tufiintium, ES nos onnino finitos. 
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N the next plec2, I think we ought to dif- 
tinguifh between reafon confidered in itfelf, 
and reafon confidered in the exercife of it, by 
this or that philofopher, or by this or that man, 
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or by this or that company, or fociety of mon, 
whether allof one fect or of more. 

Ir you will allow me to borrow a fchcol- 
phrafe, I fha'l exprefs this more inorcly by Lay- 
ing, I diftinguifh between reafon ‘2 abfrego, 
and i cencreto. To clear this mattcr, we 
may confider, that whatever you make the 
faculty of reafon to be in itfelf, yet the ratio- 
cinations It produces are mace by men, either 
fingly reafoning, or concurring in the fame ra- 
tiocinations and opinions; and confcquently, 
if thefe men do not make the bet ufe of their 
reafoning faculty, it will not be neceffary, that 
what thwarts their ratiocinations, mutt hkewife 
thwart the principles or the dictates of right 
reafon, For man having a will and affections 
as weil as an intclleét, though our dijudications 
and tenents ought indeed (in matters fpecula- 
tive) to be made and pitched uvon by our un- 
biafled underftandings ; yct really cur intellec- 
tual weakneffes, or our prejudices, or prepoficf 
fion by cuftom, ecucation, &c. our intcreft, 
paffions, vices, and I know not how many cther 
things, have fo great and {waying an infvence 
on them, thatthere ire very few conclu%ons, 
that w2 mane, oF oripions, that we efooule, 
that are fo much the pure reiuits of our reafon, 
that no peifonal cifability, prejudice, or fault, 
has any intereft in them. 
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Tuis I have elt where more amply Gil spout the 
courfzd of on anorhcr occafion ; wherefure I Diverfity 
fhall now add but cnis, that the diftinétion, [of Reli- 
have been propoting, does ‘if I miftake not) 8! 


reach a great deal further than you may be 
aware of. For not only whoie feéts, whether 
in religion or philofophy, are in many czfes 
fubject to prepoff-Tio-s, envy, ambition, in- 
tereft, and other miileading things, as well as 
fincle perfons 5 but, which is more conficerable 
to our prefent purnofe, the very body of man- 
kind may be embued with prejudices, and er- 
rors, and that from their chudhood, and fome 
alfo even from their birth, by which means 
they continue undifcerned, and confequently 
unreformed. 

Trurs you will think an accufation as bold 
as high; but to let you fee, that the philofo- 
phers, you moft refpect, have made the fame 
obfervation, though not applied to the fame 
cafe, I muft put you in mind, that Monficur 
Des Cartes begins his principles of philofophy 
with taking notice, that, becaufe we are born 
children, we make divers unright judgments of 
things, which afterwards are wont ta continue 
with us all our lives, and prove radicated pre- 
judices, that miflead cur judgments on fo many 
occafions, that he elfewhere tells us, he found 
no other way to fecure himfelf from their in- 
fluence, but once in his life folemnly to doubt 
of the truth of all,that he had till then believed, 
in order to the re-examining of his former di- 
judications. But I remember, our iluftrious 
Verulam warrants a yet further prejudice againft 
many things, that are wont to be lookedon as_ 
the fuggeftions of reafon. For having told us, 
that the mind of man is befieged with four dif- 
fering kinds of idols or phantafms, when he 
comes to enumerate them, he teaches, that 
there are not only fuch, as men get by conver- 
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fation and difcourfe one with anoth-r, and fuch 
as proceed from the divers hypothefes or 
theories and opinions of philofonhers, and 
from the perverfe ways of demonitration, and 
likewife fuch as are perfonal to this or that 
man, proceeding from his education, tempera- 
ment,’ ftudies &c. but fuch as he calls dela 
tribus,b ecaufe they are founded in humane na- 
ture itfelf, and in the very tribe or nation of 
mankind ; and of thele he particularly dif- 
courfes of feven or eight; as, that the intellect 
of man has an innate propenfity to fuppofe in 
things a greater order and equality than it 
finds, and that being unable to reft or ac- 
quietce, it does always tend further and further ; 
to which he adds divers other innate preju- 
dices of mankind, which he folicitoufly as 
wvell as judicioufly endeavours to remove. 

Now, if not only fingie philofophers, and 
particular fects, but the whole body of mankind 
be fubject to be fwayed by innate and unhecded 
prejudices and proclivities to errors about mat- 
ters, that are neither divine, nor moral, nor 
political, but phyfical, where the attainment 
of truth is exceeding pleafant to human na- 
ture, and is not attended with confequences 
diftafteful to it: why may not we juttly fufpect 
not only this or that philofopher, or particular 
fe&t; but the generality ot men, of having 
fome fecret propenfities to err about divine 
things, and indifpofitions to admit truths, 
which not only deteét the weakneffes of our 
nature, and our perfonal difabilities, and there- 
by offend or mortify our pride and our ambi- 
tion, but fhine into the mind with fo clear, as 
well as pure and chafte a lignt, as is proper 
both to difcover to ourfelves and others our 
vices and taults, and oftentimes to crofs our 
defigns and intereits ? 

Anp to this purpofe we may take notice, 
that divers of thofe very idols, which my lord 
Bacon obfzrves to befiege, or pervert men’s 
judgments in reference to things natural, may 
probably have the fame kind of influeace (and 
that much ftronger) on the minds of men in 
reference to fupernatural things, ‘Thus he 
takes notice, that it fome things have once 
pleafed the underftanding, it is apt to draw all 
others to comport with, and give fuffrage to 
them, though perhaps the inducements to the 
contrary belief be either more numerous or 
more weighty. He obferves alfo, that man is 
apt to look upon his fenfes and other percep- 
tions as the meafures of things, and alfo that 
the underftanding of man is net fincerely dif- 
pofed to receive the light of truth, but receives 
an infufion as it were of adventitious colours, 
(that difguife the light) from the will and af- 
teétions, which makes him fooner believe thofe 
things, that he is defirous fhould be true, and 
reject many others upon accounts, that do no 
way inter their being falfe. Now if we apply 
thefe thi-gs to divine truths (to which it were 
well they were lefs juitly applicable) and con- 
fider, that in our youth we generally converfe 
but with things corporeal, and are {wayed by 
affections, that have them for their objeéts, 
we fhall not much wonder, that men fhould 
be very prone, either to frame fuch notions of 
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divine things, as they were wont to have about 
others of a far dinerent and meaner nature. or 
elfe to reject them for net being analogous to 
thofe things, which they have been ufed to 
employ for the meafurcs of truth and falsity. 
And if we confider the inbred pride of man, 
which is fuch, that if we believe the facred 
ftory, even Adam in paradife affected to be 
like God, knowing good and evil we fhall 
not fo much marvel, that almoit every man 
in particular makes the notions he has enter- 
tained alrcady, and his fenfes, his inclinations, 
and his interefts, the ftandards, by which he 
eftimates and judges of all other things, whe- 
ther natural or revealed. And as Heraclitus 
juftly complained, that every man fought the 
knowledge of natural things in the microcofin, 
that is, himfelf, and not in the macrocofm, 
the world ; fo we may juftly complain, that 
men feck ail the xnowledge, they care to find, 
or will admit, either in thefe little worlds them- 
felves, or fr >. chat great world, the univerfe ; 
but not from the omnifcient author of them 
both. And laftly, if even in purely phyfical 
things, where one would not think it likely, 
that rational beings fheuld feek truth with any 
other defigns than of finding and enjoying it, 
our underitandings are fo univerfally biaffed, 
and impofed upon by our wills and affections ; 
how can we admire, efpecially if we admit the 
fall of our firft parents, that our paffions and 
interefts, and oftentimes our vices, fhould 
pervert our intellects aboutthofe revealed truths ; 
divers of which we difcern to be above our 
comprehenfions, and more of which we find 
to be directly contrary to our inclinations ? 
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ND now it will be feafonable for me to 

tell you, that 1 think, there may be a 

creat difference betwixt a thing’s being con- 

trary to right reafon, or fo much as to any 

true philofophy, and its being contrary to the 

received opinions of philofophers, or to the 

principles or conclufions of this or that fect of 
them. 

For here I may juftly apply to my prefent 
purpofe what Clemens Alexandrinus judicioully 
faid on another occafion, that philofophy was 
neither Peripatetical, nor Stoical, nor Epicu- 
rean, but whatfoever among all thofe feveral 
parties was fit to be approved. 

Anp indeed, if we furvey the hypothefes 
and opinions of the feveral fects of philofo- 
phers, efpecially in thofe points, wherein they 
hold things repugnant to theological truths, 
we fhali find many of them {fo flightly ground- 
ed, and fo difagreeing among themfelves, that 
a fevere and inquifitive examiner would fee 
little caufe to admit them upon the bare ac- 
count of his being a philofopher, though he 
did not fee any to reject them upon the ac- 
count of his being a Chriftian. And in parti- 
cular, as to the Peripateticks, who by invading 
all the fchools of Europe (and fome in Afa 
and sfrick) have made their fect almoft Ca- 
tholick, and have produced divers of the fa- 
mous queftioners of Chriftianity in the laft aes 
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and the firft of this, the world begins to be 
apace undeceived, as to many of their doctrines, 
which were as confidently taught and believed 
for many ages, as thofe, that are repugnant to 
our religion; and there is now fcarce any of 
the modern philofophers, that allow themfelves 
the free ufe of their reafon, who believes any 
longer, that there is an element of fire lodged 
under the fuppofed fphere of the moon ; that 
heaven confifts of folid orbs; that all celeftial 
bodies are ingenerable and incorruptible ; that 
the heart, rather than the brain, is the origine 
of nerves; that the torrid zone is uninhabi- 
table; and I know not how many other doc- 
trines of the Ariftotelians, which our Corpuf- 
cularian philofophers think fo little worth be- 
ing believed, that they would cenfure him, 
that fhould now think them worthy to be foll- 
citoufly confuted; upon which fcore I pre- 
fume you will allow me to leave thofe, and 
divers others, as weak Peripatetick conceits, to 
fall by their own groundletsnefs. 

But you will tell me, that the Epicureans, 
and the Somatici, that will allow nothing but 
body in the world, nor no author of it but 
chance, are more formidable enemies to reli- 
gion than the Ariftotelians. And indeed I 
am apt to think they are fo, but they may 
well be fo, without deferving to have any of 
their fects looked upon as philofephy irfelf, 
there being none of them, that I know of, 
that maintain any opinion inconfiftent with 
Chriftianity, that I think may not be made 
appear to be alfo repugnant to reafon, or at 
leaft not demonftrable by it. You will not 
expect I fhould defcend to particulars, efpe- 
cially having exprefsly difcourfed againft the 
Epicurean hypothefes of the origine of the 
world in another paper ; and therefore, [ fhall 
obferve to you in general, that the Cartefian 
philofophers, who Jay afide all {upernatural 
revelation in their inquiries into natural things, 
do yet both think, and, as to the two firft of 
them, very plaufibly prove, the three grand 
principles of Epzcurus, that the little bodies he 
calls atoms are indivifible, that they all have 
their motion from themfelves, and, that there 
Is Avacuuin in rerum naturd, to be as repug- 
nant to mere reafon, asthe Epicureans think 
the notion of an incorporeal fubftance, or the 
creation of the world, or the immortality of 
the foul. And as for the new Somatici, {uch 
as Mr. Hobbes (and fome few others) by what 
I have yet feen of his, I am not much tempted 
to forfake any thing, that I looked upon as a 
truth before, even in natural philofophy itfelf, 
upon the fcore of what he (though never fo 
confidently) delivers, by which hitherto I fte 
not, that he hath made any great difcovery 
either of new truths, or old errors. An_ ho- 
‘nourable member of the Royal Society hath 
elfewhere purpofely fhewn, how ill he has 
proved his own opinions about the air, and 
fome other phyfical fubjects, and how ill he 
has underftood and oppofed thofe of his adver- 
fary. But to give you in this place a fpecimen, 
how little their repugnancy to his principles 
of natutal philofophy ought to affright us 
from thofe theological doétrines they con- 
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tradict, I fhall here examine the fundamental 
maxim cf his whole phyficks, that ncthing 
is removed but by a body contiguous and 
moved ; it having been already fhewn (by the 
gentleman newly mentioned) that, as to the 
next to it, which is, that there is no va- 
cuum, whether it be true or no, he has not 
proved it. 

[Ir no body can poffibly be moved, but by a 
body contiguous and moved, as Mr. Hodées 
teaches; I demand, how thcre comcs to be le- 
cal motion in the world? For, cither all the 
pertions of matter, that commoled the univerfe, 
have motion belonging to their nature, which 
the Epicureans affirmed for their atoms; or 
fome parts of matter have this motive power, 
and fome have not; or elfe none of them have 
it, but all of them are naturally devoid of mo- 
tion. Ii it be granted, that motion does natu- 
rally belong to all parts of matter, the difpute 
is at an end, the conceffion quite overthrowing 
the hypothefis. If it be faid, that naturally 
fome portions of matter have motion, and 
others not, then the affertion will not be uni- 
verfally true: for though it may hold in the 
parts, that are naturally movelefs, or quiefcent, 
yet it will not do fo in the others, there being 
nothing, that may fhew a neccflity, why a 
body, to which motion is natural, fhould not 
be capable of moving, without being put into 
motion by another contiguous and moved. 
And 1f there be no body, to which motion 1s 
natural, but every body needs an outward mo- 
vent, it may well be demanded, how there 
comes to be any thing locally moved in the 
world ? which yet conftant and obvious expe- 
rience demonftrates, and Mr. Hobbes himfclf 
cannot deny. For if no part of matter have 
any motion but what it muft owe to another, 
that is contiguous to it, and being itfelf in mo- 
tion, impels it; and if there be nothing but 
matter in the world, how can there come to be 
any motion amongft bodics, fince they neither 
have it upon the fcore of their owa nature, nor 
can receive it from cxternal agents? If Mr. 
Hobbes fhould reply, that the motion is im- 
preffed upon any of the parts of the matter by 
God, he will fay that, which I moft readily 
grant to be true, but will not ferve his turn, if 
he would fpeak congruoufly to his own hypo- 
thefis. For ] demand, whether this fupreme 
Being, that the affertion has recourfe to, be a 
corporeal or an incorporeal fubftance ? If it be 
the latter, and yet be the efficient caufe of 
motion in bodies, then it will not be univer- 
fally true, that whatfoever body is moved, is 
fo by a body contiguous and moved. For, in 
our juppofition, the bodies, that God moves, 
either immediately, or by the intervention of 
any other immaterial being, are not moved by 
a body contiguous, but by an incorporeal {pi- 
rit. But becaufe Mr. Hobbes, in fome writings 
of his, is believed to think the very notion of 
an immaterial fubftance to be abfurd, and to 
involve a contradiction; and becaufe it may be 
fubfumed, that if God be not an immaterial 
fub{tance, he muft by confequence be a mate- 
rial and corporeal one, there being no medium 
nega‘tonis, or third fubftance, that is none of 
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thofe two. I anfwer, that, if this be faid, and 
fo that Mr. Hobbes’s deity be a corporeal one, 
the fame difficulty will recur, that I urged be- 
fore. For this body will not, by Mr. Hodbes’s 
calling or thinking it divine, ceafe to be a true 
body; and confequently a portion of divine 
matter will not be able to move a portion of 
our mundane matter, without it be itfelf con- 
tiguous and moved; which it cannot be, but 
by another portion of divine matter, fo quali- 
fied to imprefs a motion, nor this again, but 
by another portion. 

Anp befides that it will breed a ftrange 
confufion, in rendering the phyfical caufes of 
things, unlefs an expedient be found, to teach 
us how to diftinguifh accurately the mundane 
bodies from the divine, (which will perhaps 
prove no eafy tafk;) I fee not yet, how this 
corporeal deity will make good the hypothefis 
I examine. For I demand, how this divine 
matter comes to have this local motion, that is 
afcribed to it? It it be anfwered, that it hath 
it from its own nature, without any other 
caufe, fince the Epicureans affirm the fame of 
their atoms, or merely mundane matter, I de- 
mand, how the truth of Mr. Hoddes’s opinion 
will appear to me, to whom it feems as likely 
by the phenomena of nature, that occur, that 
mundane matter fhould have a congenit mo- 
tion, as that any thing, that is corporeal, can be 
God, and capable of moving it ; which to be, 
it muft, for aught we know, have its fub- 
fiftence divided into as many minute parts, as 
there are corpufcles and particles in the world, 
that move feparately from their neighbouring 
ones. And, to draw towards a conclufion, I 
fay, that thefe minute divine bodies, that thus 
moved thofe portions of mundane matter, con- 
cerning which Mr. Hodes denies, that they can 
be moved but by bodies contiguous and 
moved, thefe divine fubftances, I fay, are, 
according, to the late fuppofition, true bodies, 
and yet are moved themfelves, not by bodies 
contiguous and moved, but by a motion, which 
muft be innate, derived or flowing from their 
very effence or nature, fince no fuch body is pre- 
tended to have a being, as cannot be referred 
as a portion, either to the mundane, or the di- 
vine matter.. In fhort, fince local motion is to 
be found in one, if not in both, of thefe two 
matters, it muft be natural to (at leaft fome 
parts of) one of them in Mr. Hodbes’s hypo- 
thefis; for, though he fhould grant an imma- 
terial being, yet it could not produce a motion 
in any body, fince, according to him, no'body 
can be moved, but by another body contiguous 
and moved. | 

As then to this grand pofition of Mr. Hobbes, 
though, if it were cautioufly propofed, as it is 
by Des Cartes, it may perhaps be fafely ad- 
mitted, becaufe Carteftus acknowledges the firft 
impulfe, that fet matter a movirig, and the 
confervation of motion once begun, to come 
from God; yet, as it is crudely propofed by 
the favourers of Mr. Hobbes, I am fo far 
from feeing any fuch cogent proof for it, as 
were to be wifhed for a principle, on which he 
builds fo much, (and which yet is not at all 
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evident by its own light,) that I fee rio comi- 
petent reafon to admit it. 

J expect your friend fhould here oppofe to 
what I have been faying, that formerly recited 
fentence, that is fo commonly employed in the 


{chools; as well of divines as of philofophers : 


that fuch or fuch an opinion is true in divinity, 
but falfe in philofophy ; or, on the contrary, 
philofophically true, but theologically falfe. 

Upon what warrant thofe, that are wont to 
employ fuch expreffions, ground their praétice, 
I leave to them to make out; but as to the ob- 
jection itfelf, as it fuppofes thefe ways of fpeak- 
ing to be well grounded, give me leave to con- 
fider, that philofophy may fignify two things, 
which I take to be very differing. 

For, firft, it is moft commonly employed 
to fignify a fyftem, or body of the opinions, 
and other doctrines of the particular feét of 
thofe philofophers, that make ufe of the word. 
AAs when an Ariftotelian talks of philofophy, 
he ufually means the Peripatetick, as an Epi- 
curean does the Atomical, or a Platonift the 
Platonick. 

But we may alfo, in a more general, and 
no lefs juft acception of the term, underftand 
by philofophy, a comprehenfion of all thofe 
truths or doétrines, which the natural reafon of 
man, freed from prejudices and partiality, and 
affifted by learning, attention, exercife, expe- 
riments, &c. can manifeftly make out, or, by 
neceffary confequence deduce from clear and 
certain principles. 

Tuts being briefly premifed, I muft, in the 
next place, put you in mind of what I formerly 
obferved to you, that many opinions are main- 
tained by this, or that fect of Chriftians, or 
perhaps by the divinity-fchools of more than one 
or two fects, which either do not at all belong 
to the Chriftian religion, or, at leaft, ought not 
to be looked upon as parts of it, but upon fup- 
pofition, that the philofophical principles and ra- 
tiocinations, upon which, and not upon exprefs 
or mere revelation, they are prefiimed to be 
founded, are agreeable to right reafon. 

Anp having premifed thefe two things, I 
now anfwer more directly to the objection ; 
that, if philofophy be taken in the firft fenfe 
above-mentioned, it’s teaching things repug- 
nant to theology, efpecially taking this word 
in the more large and vulgar fenfe of it, will 
not cogently conclude any thing againft the 
Chriftian religion. But, if philofophy be taken 
in the latter fenfe for true philofophy, and di- 
vinity only for a fyftem of thofe articles, that 


are Clearly revealed as truths in the fcriptures ; - 


J fhall not allow any thing to be falfe in philo- 
fophy fo underftood, that is true in divinity fo 
explained, till I fee fome clearer proot of it, 
than J have yet met with. I have had occa- 
fion, in the foregoing difcourfe, to fay fome- 
thing, that may be applied to the point under 
debate ; and in the following part of this let- 
ter, I fhall have occafion to touch upon it a- 
gain: and therefore I fhall now fay but this 
in fhort, that it is not likely, that God, be- 
ing the author of reafon as well as revela- 
tion, fhould make it men’s duty to believe 
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as true, that, which there is juft reafon to re- 
ject as falfe. 

THERE isindeed a fenfe, wherein the phrafes, 
I difapprove, may be tolerated. For if by fay- 
ing, that fuch a thing ts true in divinity, but 
falfe in philofophy, it were meant, that if the 
doétrine were propofed to a mere philofopher, 
to be judged of according to the principles 
of his feét, or at moft, according to what he, 
being fuppofed not to have heard of the 
Chriftian religion, or had it duly propofed to 
him, would reject it, the phrafe might be al- 
lowed, or at leaft indulged. But then we mutt 
confider, that the reafon, why fuch a philofo- 
pher would reject the articles of Chriftian faith, 
would not be, becaufe they could by no me- 
diums be poffibly proved, but becaufe thefe 
doétrines, being founded upon a revelation, 
which he is prefumed either not to have heard 
of, or not to have had fufficiently propofed to 
him, he muft, as a rational man, refufe to be- 
lieve them upon the fcore of their prooflefnefs. 
And the fame philofopher, fuppofing him to 
be a true one, though he will be very wary, 
how he admits any thing as true, that is not 
proved, if it fall properly under the cognizance 
of philofophy ; yet he will be as wary, how he 
pronounces things to be falfe or impoffible, in 
matters, which he difcerns to be beyond the 
reach of mere natural reafon, éfpecially if fo- 
ber and learned men do very confidently pre- 
tend to know fomething of thofe matters by 
divine revelation, which though he will not 
eafily believe to be a true one, yet he will ad- 
mit, in cafe it fhould be proved true, to be a 
fit medium to evince truths, which, upon the 
account of mere natural light, he could not dif- 
cover or embrace. To be fhort, fuch a phi- 
lofopher would indeed reject fome of the arti- 
cles of our faith hypothetically, 1. e. upon fup- 
pofition, that he need employ no other touch- 
{tone to examine them by, than the principles 
and dictates of natural philofophy, that he is 
acquainted with (upon which {core I fhall here- 
after fhew, that divers {trange chemical expe- 
riments, and other difcoveries would alfo be 
rejected 3) but yet he would not pronounce 
them falfe, but upon fuppofition, that the ar- 
guments, by which they lay claim to divine 
revelation, are incompetent in their kind. For 
as he will not eafily believe any thing within 
the fphere of nature, that agrees not with the 
eftablifhed laws of it; fo he will not eafily ad- 
venture to pronounce one way or other in 
matters, that are beyond the {phere of nature : 
he will indeed, as he juftly may, expect as 
full a proof of the divine teftimony, that is pre- 
tended, as the nature of the thing requires and 
allows; but he will not be backward to ac- 
knowledge, that God, to whom that teftimo- 
ny is afcribed, is able to know and to do many 
more things, than we can explicate how he can 
difcover, or imagine how any phyfical agent 
can perform. 

[Since I propofed to you this fifth confi- 
deration, I happened to light on a paffage in 
Des Cartes’s principles, which affords of what 
I have been difcovering the fuffrage of a phi- 
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cluding theology too fcrupuloufly out of his 
philofophy. Hus words are fo full to my pre- 
fent purpofe, that I need not, to accommo- 
date them to it, alter one of them, and there- 
fore fhall tranfcribe them juft as they lie: Sj 
forté nobis Deus de feipfo, vel aliis, aliquid re- 
velet, quod naturales ingenii noftri vires excedat, 
qualia funt myfteria tncarnationis EP trinitatis, 
non recufabimus illa credere, quamvis non clare 
intelligamus, nec ullo modo mirabimur, multa 
effe tum in immenfa ejus natura, tum etiam in 
rebus ab eo creatis, que captum noftrum exce- 

dant. | 
AwpD let me add on this occafion, that 
whereas the main fcruples, that are faid to be 
fuggefted by philofophy againft fome mytte- 
rious articles of religion, are grounded upon 
this, that the modus, as they fpeak of thofe 
things, 1s not clearly conceivable, or at leaft, 
is very hardly explicable ; thefe objections are 
not always fo weighty, as perhaps, by the con- 
fidence, wherewith they are urged, you may 
think them. For, whereas I obferved to you 
already, that there are divers things maintained 
by {chool divines, which are not contained in 
the fcripture, that obfervation is chiefly appli- 
cable to the things we are confidering ; fince 
in feveral of thefe nice points, the fcripture 
affirms only the thing, and the fchoolmen are 
pleafed to add the modus: and as by their 
unwarrantable boldnefs, the {chool divines de- 
termine many things without book; fo the 
fcruples and objections, that are made againft 
what the fcripture really delivers, are ufually 
grounded upon the erroneous or precarious af- 
fertions of the {fchool philofophers, who often 
give the title of metaphyfical truths to conceits, 
that do very little deferve that name, and to 
which a rigid philofopher would perhaps think, 
that of fublime nonfenfe more proper. But of 
this I elfewhere fay enough, and therefore fhall 
now proceed to the confideration I chiefly in- 
tended, viz. that from hence, that the modus 
of a revealed truth is either very hard, or not 
at all explicable, it will not neceffarily follow, 
that the thing itfelf is irrational, provided the 
pofitive proofs of its truth be fufficient in their 
kind. For even in natural things philofo- 
phers themfelves do and muft admit {everal 
things, whereof they cannot clearly explicate 
or perhaps conceive the modus. I will not 
here mention the origin of fubftantial forms as 
an inftance in this kind, becaufe, though it 
may be a fit one as to the Peripatetick philo- 
fophy, yet not admitting, that there are any 
fuch beings, 1 will take no farther notice of 
them ; efpecially becaufe, for a clear inftance 
to our prefent purpofe, we need go no fur- 
ther than our felves, and confider the union of 
the foul and body in man. For who can phy- 
fically explain, both how an immaterial fub- 
{tance fhould be able to guide or determine, 
and excite the motions of a body, and yet not 
be able to produce motion in it (as by dead 
palfies, great faintneffes, @&c, it appears the 
foul cannot,) and, which is far more difficult, 
how an incorporeal fubftance fhould receive 
fuch impreffions from the motions of a body, 
as to be thereby affected with real pain and 
| pleafure ; 
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pleafure; to which I elfewhere add fome 
other properties of this union, which, though 
not taken notice of, are perhaps no lefs dif- 
ficult to be conceived and accounted for. For 
how can we comprehend, that there fhould 
be naturally fuch an intimate union betwixt 
two fuch diftant fubftances, as an (incorporeal) 
fpirit and a body, as that the former may not, 
when it pleafes, quit the latter, which cannot 
poffibly have any ftrings or chains, that can tie, 
or faften to it that, which has no body, on 
which they may take hold. And I there 
fhew, that it is full as difficult, phyfically to 
explicate, how thefe fo differing beings come to 
be united, as how they are kept from parting 
at pleafure, both the one and the other being 
to be refolved into the mere appointment of 
God. And if to avoid the abftrufenefs of the 
modus of this conjunction betwixt the rational 
foul and the human body, it be faid, as it is 
by the Epicureans, that the former is but a cer- 
tain contexture of the finer and moft fubtle 
parts of the latter, the formerly propofed ab- 
{trufenefs of the union betwixt the foul and the 
body will indeed be fhifted off; but it will be 
by a doétrine, that will not much relieve us. 
For thofe, that will allow no foul in man but 
what is corporeal, have a modus to explain, 
that I doubt they will always leave a riddle. 
For of fuch I defire, that they would explain 
to me, (who know no effects, that matter can 
produce, but by local motion and reft, and 
the confequences of it,) how mere matter, (let 
them fuppofe it as fine as they pleafe, and con- 
trive it as well as they can) can make fyllo- 
gifms, and have conceptions of univerfals, and 
invent fpeculative {ciences and demonftrations, 
and in a word do all thofe things, which are 
done by man, and by no other animal ; and 
he, that fhall intelligibly explicate to me the 
modus of matters, framing theories and ratio- 
cinations, will, I confefs, not only inftruét me, 
but furprize me too. 

AND now give me leave to make this fhort 
reflection on what has been faid in this fection, 
compared with what formerly I faid in the 
firft fection; that ifon the one hand we lay 
afide all the irrational opinions, that the fchool- 
men and other bold writers have unwarranta- 
bly fathered on Chriftian religion, and on the 
other hand all the erroneous conceits repug- 
nant to Chniftianity, which the fchoolmen and 
others have prooflefly fathered upon philofo- 
phy, the feeming contradictions betwixt folid 
divinity and true philofophy will appear to be 
but few, as I think the real ones will be found 
to be none at all. 
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f hm next confideration I fhall propofe, 
is, that a thing may, if fingly or pre- 
cifely confidered, appear unreafonable, which 
yet may be very credible, if confidered as a 
.part of, or a manifeft confequence from a 
doétrine, thatis highly fo. 

Or this I could give you more inftances in 
feveral arts and f{ciences, than I think fit to be 
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here fpecified ; and therefore I thall content 
my felf to mention three or four. 

WHEN aftronomers tell us, that the fun, 
which feems not to us a foot broad; nor confi- 
derably ‘bigger than the moon, is above a hun: 
dred and threefcore times bigger than the 
whole globe of the earth, which yet is forty 
times greater than the moon; the thing thus 
nakedly -propofed fees very incredible. But 
yet, becaufe aftronomers very fkilful in their 
art have, by finding the femidiameter of the 
earth, and obferving the parallaxes of the pla- 
nets, concluded the proportion of thefe three 
bodies to be fuch as has been mentioned, or 
thereabout, even learned and judicious men of 
all forts, (philofophers, divines, and others,) 
— it not credulity to admit what they af- 

rm. : 

So the relations of earthquakes, that have 
reached divers hundreds of miles ; of eruptions 
of fire, that have at once overflown and burned 
vaft {copes of land; of the blowing up of 
mountains by their own fires; of the cafting 
up of new iflands in the fea itfelf} and other 
prodigies of too unqueftionable truth; (for I 
know what work ignorance and fuperftition 
have made about other prodigies:) if they 
were attefted but by flight and ordinary wit- 
nefs, they would be judged incredible, but we 
{cruple not to believe them, when the relations 
are attefted with fuch circumftances, as make 
the teftimony as ftrong, as the things attefted 
are f{trange. | 

Ir ever you have confidered, what Clavius; 
and divers other geometricians teach upon the 
fixteenth propofition of the third book of Ez- 
clid, (which contains a theorem about the tan- 
gent, and the circumference of a circle,) you 
cannot but have taken notice, that there are 
fcarce greater paradoxes delivered by rhilo- 
fophers or divines, than you will find afferted 
by-geometricians themfelves. And though of 
late the learned Jefuit Zacquet, and fome rigid 
mathematicians, have queftioned divers of thofe 
things, yet even what fome of thefe fevere 
examiners confefs to be geometrically demon- 
{trable from that propofition, contains things 
fo ftrange, that philofophers themfelves, that 
are net well acquainted with that propofition 
and its corollaries, can fcarce look upon them 
as other than incomprehenfible, or at leaft in- 
credible, things; which yet, as improbable as 
they are confidered in themfelves, even rigid 
demonftrators refufe not toadmit, becaufe they 
are legitimately deducible from an acknow- 
ledged truth. 

Awnp fo alfo among the magnetical: phaho- 
mena there are divers things, which, being na- 
kedly propofed, muft feem altogether unfit to 
be believed, as indeed having nothing like them 
in all nature ; whereas thofe, that are verfed in 
magnetick philofophy, even before they have 
made particular trials of them, will look upon 
them as credible, becaufe, how great paradoxes 
foever they may feem to others, they are confo- 
nant and confequent to the doctrine of magne- 
tifm, whofe grand axioms (from what caufe 
foever magnetifms are to be deriv’d) are fuffi- 
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ciently manifeft ; and therefore a magnetical 
philofopher would not, though an ordinary phi- 
lofopher would, think it unreafonable to be- 
lieve, that one part of the fame loadftone fhould 
draw a needle to it, and the other part drive 
the fame needle from it; and that the needle in 
a feaman’s compafs, after having been carried 
many hundred leagues (through differing cli- 
mates, and in ftormy weather) without varying 
its declination, may, upon a fudden, without 
any manifeft caufe, point at fome part of the 
horizon feveral whole degrces diftant from that, 
which it pointed to before. To which might 
here be added divers other fcarce credible 
things, which either others or I have tried 
about magnetical bodies ; but I fhall hereafter 
have occafion to take notice of fome of them 
in a fitter place. 

WHER EFORE,when fomething delivered in, 
or clearly deduced from {fcripture, is objected a- 
eainft, as a thing, which it is not reafonatle to 
believe, we muft not only confider, whether, if 
it were not delivered in that book, we fhould 
upon its own fingle account think it fit or un- 
worthy to be believed ; but whether or no it is 
fo improbable, that it is more fit to be believed, 
that all the proofs, that can be brought for the 
authority of the fcripture, are to be rejected, 
than that this thing, which comes manifeftly re- 
commended to our belief by that authority, is 
worthy to be admitted: I fay, “* manifeftly re- 
“* commended by that authority,’’ becaufe that, 
if the thing be not clearly delivered in fcripture, 
or be not clearly and cogently deduced thence, 
fo far as that clearnefs is wanting, fo far the 
thing itfelf wants of the full authority of the 
{cripture, to impofe it on our affent. 

[Peruaps it will procure what I have faid 
the better reception, if U add a couple of tefti- 
monics not of any modern bigots, no, nor of 
any devout fathers of the church; but of two 
modern authors of feéts, and who in their kinds 
have been thought extremely fubtle reafoners, 
and no lefs rigid exacters of reafon in whatever 
they admitted. 

Tue firft paffage I fhallalledge, is the con- 


~ feffion of Socinus, who in his fecond epiftle to 


Andreas Dudithius, {peaks thus: Fam verd ut 
rem in pauca conferam, quod ad meas aliorum- 
ve opiniones, que novitatis pra fe ferunt fpeciem, 
attinet, mihi ita videturs fi detur, fcripturam 
facram ejus effe authoritatis, ut nullo modo ei 
contradict poffit, ac de interpretatione illius om- 
nis duntaxat fit ferupulus, (which he allows) 
nibil, utut verifimile aut ratione conclufum vi- 
deatur, afferri contra eas pofft, quod ullarum fit 
virium, quotiefcunque ille fententits atque ver- 
bis illius libri aut rationibus liquidd inde deduétis 
probate atque afferte fuerint. Which confeffion 
of Socinus is furpaffed by that of his champion 
Smalcius, to be produced elfewhere in this pa- 
per. The other paffage I met with in the ex- 
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philofophy, where difcourfing of the either in- 
finite or indefinite divifion of the particles of 
matter, which is neceffary to make them fill 
exactly all the differingly figured {paces, 
through which various motions do fometimes 
make them pafs ; he confeffes, as he well may, 


that the point is exceedingly abftrufe, and yet 
concludes: Et quamvis quomodo fiat indefinita 
ifta divifio, cogitatione comprebendere HEquUEaMUS, 
non ideo tamen debemus dubitare, quin fiat, quia 
claré percipimus illam neceffario fequi ex natu- 
ra materie nobis evidentifinée cognitd, &c.] 

Anp inthis place it may be feafonable, as 
well as pertinent, to take notice of three or 
four particulars, which, though they be in 
fome meafure implied in the former general 
confideration, yet deferve to be diftinétly in- 
culcated here, both for their importance, and 
becaufe they may as well be deduced as corol- 
laries from the foregoing difcourfe, as be con- 
firmed by the proofs I fhall add to each of 
them. Of thefe the firft fhall be this, that we 
muft not prefently conclude a thing to be con- 
trary to reafon, becaufe learned men profefs or 
even complain, that they are not able clearly 
to comprehend it, provided there be compe- 
tent proof, that it is true, and the thing be pri- 
mary or heteroclite. 

For it is not always neceffary to the making 
the belief of a thing rational, that we have fuch 
a comprehenfion of the thing believed as may 
be had, and juftly required in ordinary cafes ; 
fince we may be fure of the truth of a thing, 
not only by arguments fuggefted by the nature 
of the thing itfelf clearly underftood by us, 
but by the external teftimony of fuch a witnefs, 
as we know will not deceive us, and cannot 
(at leaft in our cafe) be reafonably fufpected to 
be himfelf deceived. And therefore it may in 
fome cafes fuffice to make our belief rational, 
that we clearly difcern fuficient reafon to be- 
lieve, that a thing is true, whether that reafon 
{pring from the evidence and cogency of the 
extrinfick motives we have to believe, or from 
the proofs fuggefted to us by what we know of 
the thing believed, nay, though there be fome- 
thing in the nature of that thing, which does 
puzzle and pofe our under{tanding. 

TuHatT many things, that are very hard, and 
require a great attention, and a good judgment 
to be made out, may yet be true, will be ma 
nifeft from what I fhall, within a page or two, 
note about divers geometrical demonftrations, 
which require, befides a good ftock of know- 
ledge in thofe matters, an almoft invincible pa- 
tiencc, to carry fo many things along in one’s 
mind, and go through with them. That alfo 
there are other things, which, though they be 
as manifeftly exiftent, as thofe newly mentioned 
can be demonitratively true, are yet of fo ab- 
ftrufe a kind, that it 1s exceeding difficult to 
frame clear and fatisfactory notions of their na- 
ture, we might learn, if we were inquifitive e- 
nough, even from fome of the moft obvious 
things ; fuch as, for inftance, matter and time: 
As to the former whereof, (matter.) though 
the world and our own bodies be made of it, 
yet the ideas, that are wont to be framed of it, 
even by the greateft clerks, are incumbered 
with too great difficulties (fome of which I elfe- 
where mention) to be eafily acquiefced in by 
confidering men. And as for the latter, (time,) 
though that juftly celebrated faying of Augu/tine, 
Si nemo ex me querat, quid. fit tempus, fcio, Al 
querenti explicare velim, nefcio, feem in the 
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firft part of it to own a knowledge of what time 
is, yet by the latter part, (wherein he confeffes 
he cannot declare what it is,) I am not only 
allowed to believe, that he could not propofe an 
intelligible idea of it, but invited to think, that, 
in the firft part of the fentence, he only meant, 
that when he did not attentively confider the 
nature of it, he thought he underftood it, or 
that he knew, that there is fuch a thing as time, 
though he could not explain what it is. 

Anpb indeed, though time be that, which 
all men allow to be, yet, if per impoffibile (as 
the fchools fpeak) a man could have no other 
notion or proof of time and eternity, (even 
fuch eternity as muft be conceded to fomething,) 
than what he could collect from the beft de- 
{criptions of its nature and properties, that are 
wont to be given; I fcarce doubt, but he would 
Jook upon it as an unintelligible thing, and in- 
cumbered with too many difficulties to be fit 
to be admitted into a wife man’s belief. And 
this perhaps you will grant me, if you have 
ever put yourfelf to the penance of perufing 
thofe confounding difputes and fpeculations 
about time and eternity, that partly in Ariftotle 
and his com:nentators, and partly among the 
{coolmen, and others, are to be met with upon 
thefe abftrufe fubjects. And no wonder, fince 
the learned Gaffendus and his followers have 
very plaufibly (if not folidly) fhewn, that du- 
ration (and time is but duration meafured) 
is neither a fubftance nor an accident, which 
they alfo hold of {pace ; about which the al- 
tercations among philofophers and {choolmen 
are but little, if at all, inferior to thofe about 
time. And I the rather choofe to mention thefe 
inftances of time and fpace, becaufe they agree 
very well with what, [ intimated by the ex- 
preffion of primary or heteroclite things. 

To which may be referred fome of thofe 
things, that are called fpiritual or fupernatural, 
about which the fame confiderations may 
have place, efpecially by reafon of this affinity 
between them, that when we treat of either, 
fome proofs may in certain cafes be fufficient, 
in fpite of fuch objections, as in other (and 
more ordinary cafes) would invalidate argu- 
ments feemingly as {trong as thofe proofs. 

Ir it be here objected, that I am too bold 
in venturing, without the precedence or autho- 
rity of learned men, to introduce fo great a 
difference betwixt other things, and thofe, 
which I call primary and heteroclite ; I anfwer, 
that I fhall not folicitoufly enquire, whether 
any others have had the fame thoughts, that I 
propofed ; fince; whether they be new or no, 
they ought not to be rejected, if they be rational. 

Anpv I have this inducement to fuppofe, 
that there ought to be in fome cafes a great 
difference between them and other things, and 
confequently between the judgments we make 
of the ways of arguing about them, and about 
other things ; fo that they are exceeding dif- 
ficult, to be clearly conceived and explicated by 
our imperfect faculties, and by that difficulty, 
apt to make what men fay of them, though 
true, to be lefs jatisfactory and acquiefced in, 
than things not more true or rational, fuggefted 
upon enquiries about fubjects more familiar, 
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or which are, at leaft, more propertiohate to 
our faculties: for thofe abftrufe things, of 
which we have been fpeaking, being fuch, as 
either have no proper and clear genus, by the 
help of which they may be comprehended, or 
have not any thing in nature, that is (fuff- 
ciently, like them) by a refemblance to which 
we may conceive them; or being perhaps; 
both primary and heteroclite too, as not be- 
ing derived from the common phyfical caufes 
of other things, and having a nature widely dif- 
fering from the reft of things ; it is no wonder; 
that our limited and imperfect underftandings 
fhould notbe able to reach to a full and clear com- 
prehenfion of them but fhould be fwallowed up 
with the fcruples and difficulties, that may be 
fuggefted by a bold and nice enquiry into 
things, to which there feems to belong, in 
fome refpect or other, a kind of infinity. 

Upon thefe, and other confiderations of 
kin to them, I count it not irrational to think, 
that things primary and heteroclite, as alfo by 
a parity of reafon, fome things immaterial and 
fupernatural, may be fufficiently proved in 
their kind, if there be fuch a pofitive proof 
of them, as would be competent and fatisfac- 
tory, in cafe there were no confiderable objec- 
tions made againit the thing proved (efpecially 
{uppofing, that the afferted doétrine be not 
incumbered with much greater inconveniencies 
than the contrary doétrine, or than any other, 
propofed concerning that fubject:) nay, I 
know not, why we may not, in judging of 
primary, and of immaterial things, fafely 
enough prefer that opinion, which has the 
more cogent pofitive proofs, though it feem 
liable to fomewhat the greater inconveniencies ; 
becaufe, in fuch cafes, our underftanding is 
sratified with what it moft requires in all cafes, 
that is, competent pofitive inducements to af- 
fent; and it is not confounded by the objec- 
tions, becaufe a difability to anfwer them di- 
rectly, and fully, may very well proceed, ei- 
ther from the too abftrufe nature of the thing, 
or the limitednefs and weaknefs of our human 
intellects, 

ANnpD thus we may render a reafon, why, 
when we difcourfe of fuch uncommon matters, 
we may fometimes reafonably acquiefce in 
proofs, in fpight of fuch objections, as in 
ordinary cafes would be prevailing ones. For 
the things, about which thefe proofs are con- 
verfant, being primary or heteroclite, or of as 
abftrufe a nature, as if they were fo, it too 
often happens, that, what opinion foever we 
choofe about them, we muft admit fomething, 
that is incumbered with great difficulties, and 
therefore will be liable to great objections, 
that perhaps will never be directly and fatif- 
factorily anfwered. And fince it may fare 
thus with us, where two oppofite opinions are 
contradiétory, we may conclude, that thofe 
difficulties will not cogently evince the falfity 
of a theological opinion, which are but fuch, 
that the fame, or as great, may be objected 
againft another, that either is manifeftly or 
confeffedly a truth, or which muft necefiarily 
be admitted to be one, if the contrary theolo- 
gical tenet be — not to be one. 
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2, ANOTHER corollary, that may be drawn 
from the difcourfe, that afforded us the former, 
may be this; that it may not be unreafonable 
to believe a thing, though its proof be very 
difficult to be underitood. To manifeft this, 
I fhall need no other argument, than what may 
be afforded by divers geometrical and other 
mathematical demonftrations; fome of which 
are tetched, by intermediate conclufions, from 
principles fo very remote, and require fo long 
a feries of mediums to be employed about 
them, that not only a man, that were of Pi- 
Jate’s temper, who having afked him, that 
could beft tell him, what is truth? would not 
{tay a while to be fatisfied about his enquiry, 
would, before he reaches half way to the end 
of the demonftration, or perhaps of the lem- 
ma’s, be quite difcouraged from proceeding 
any further; but even fedulous and _ heedful 
perufers do find themfelves oftentimes unable 
to carry along fuch a chain of inferences in their 
minds, as clearly to difcern, whether the whole 
ratiocination be coherent, anci all the particu- 
Jars have their due ftrength and connection. 
And if you pleafe to make a trial upon fome 
of the demonftrations of Vitellio, or even of 
Clavius, that I can direct you to, I doubt they 
will put you to the full exercife of your pa- 
tience, and quite tire your attention: and 
though the modern algebrifts, by their excel- 
lent way of expreffing quantities by fymbols, 
have fo abridged geometrical and arithmetical 
demonftrations, that, by the help of fpecies, 
it is fometimes eafy to demonftrate, that in a 
line, which inthe ordinary way would require 
a whole page, (as our moft learned friend 
Dr. Ward has ingenioufly fhewn, by givine 
the demonftrations of about twenty of Mr. 
Fobbes’s theorems, in lefs than fo many lines;) 
yet fome demonftrable truths are fo abftrufe, 
that, even in the fymbolical way, men need 
more attention to difcern them, than moft men 
would employ in any {peculation whatfoever. 
And Des Cartes himielt, as famous and expert 
a mafter as he was in this way, confeffes, ina 
letter to one of his friends, that the folution 
of a problem in Pappus coft him no lefs than 
fix weeks ftudy ; though now, moft mathema- 
tical demonftrations do indeed feem far fhorter 
than they are, becaufe that Euclia’s clements 
being generally received among mathemiati- 
cians, all his propofitions are fo many lem- 
mata, which need be but referred to in the 
margin, being known and demonftrated al- 
ready. By all which it may appear, that, 
granting fome theological truths to be com- 
plained of by many, as things fu myfterious 
and abftrufe, that they cannot readily difcern 
the force of thofe proofs, that Des Cartes, and 
other fubtile {peculators, have propofed to e- 
vince thems; yet if other learned men, that are 
competent eftimators, and are accuftomed to 
bring much patience and attention to the dif- 
cernment of difficult and important truths, 
profefs themfelves fatished with them, the pro- 
bations may yet be cogent, notwithftanding 
the difficulty to have their ftrength apprehend- 
ed. Tor, if fuch a difficulty ought to pafs for 
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aimark, that a ratiocination is not valid, no 
reafonings will be found fitter to be rejected 
or diftrufted, than many of thofe, whofe co- 
gency has procured fuch a repute to mathema- 
cal demonftrations. 

3. Ir may alfo be deduced from the fore- 
going difcourfe, that it is not always againft 
reafon to embrace an opinion, which may be 
incumbered with a great difficulty, or liable to 
an objection not eafy to be folved ; efpecially 
if the fubyeét be fuch, that other opinions about 
it avoid not either the fame inconveniencies, 
or as great ones. The firft part of what is faid 
in this confideration will often follow from 
the fuppofition made in the precedent dif- 
courfe. For thofe things, that render a doc- 
trine or affertion difficult to be conceived and 
explained, will eafily fupply the adverfaries of 
it with objections againft it. 

AnD as for the latter, viz. the claufe, which 
takes notice, that the confideration, to which it 
is annexed, will chiefly take place in that fore 
of opinions, that are fpecified in it; it will 
need but little of diftinét proof. 

For itis manifeit enough, that if the fubject 
or object, about which the opinion propofed is 
converfant, be fuch, that not only the contra- 
dictory opinion, but others alfo, are obnoxious 
either to the fame inconveniencies, or to others, 
that are equal or greater ; the difficulties, that 
are urged againft a theological doétrine, may 
(as hath been fhewn already in the firft corollary, ) 
be rationaliy enough attributed, not to the un- 
reafonablenefs of the opinion, but to fome- 
what elfe. 

Tue laft confectary, that (as I intimated) 
may be deduced from the precedent difcourfe, 
is, that it is not always unreafonable to believe 
fomething theological for a truth, which (Ido 
not fay, is truly inconfiftent with, bur) we do not 
clearly difcern to comport very well with fome- 
thing elie, that we alfo take for a truth, or 
perhaps, that is one indeed ; if the theological 
tenet be fufficiently proved in its kind, and be 
of that fort of things, that we have been of 
late, and are yet difcourfing of. 

Tue generality of our philofophers, as well 
as divines, believe, that God has a fureknow- 
ledge of all future contingencies; and yet how 
a certain prefcience can confilt with the free- 
will of man, (which yet is generally granted 
him, in things merely moral or civil,) is fo 
difficult to difcern, that the Socinians are wont 
to deny fuch things, as depend upon the will 
of free agents, to be the proper objects of om- 
nifcience ; and the head of the Remonttrants, 
though a very fubtile writer, confeffes, that he 
knows not, how clearly to make out the con- 
fiftency of God’s prefcience, and man’s free- 
dom; both which he yet confeffes to be truths, 
being compelled to acknowledge the former, 
(for the latter is evident,) as well by the infi- 
nitenefs, that muft be afcribed to God’s per- 
fections, as by the prophetick predictions, 
whereby {uch contingent events have been ac- 
tually foretold. And the reconcilement of 
thefe truths is not a difficulty peculiar to the 
Chriftian religion, but concerns {peculative 
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men in all religions, who acknowledge the 
Deity to be infinitely perfect, and allow man, 
as they do, to be a free agent. 

(But I have made this fection fo prolix al- 
ready, that I muft not enlarge on this third par- 
ticular. AndthereforeI fhall fhut it up with 
an acknowledginent of Des Caries, which may 
be applied not only to it, but to almoft all, 
that has been difcourfed in this fection, and in- 
deed to a great part of this letter, He then 
in an epiftle, that came not forth, till fome 
years after the writer’s death, fpeaks thus to 
the philofophical adverfary, to whom it Is ad- 
drefled : ‘* As I have often faid, when the 
‘© queftion is about things, that relate to God, 
‘¢ or to what is infinite, we muft not confider, 
‘© what we can comprehend of them, (fince 
we know, that they ought not tobe compre- 
¢ hended by us) but only what we can con- 
«© ceive of them, or can attain to by any cer- 
tain reafon or argument. 
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SECTION VIL. 
ND now it is time to advance to one of 
the main confiderations I had to propofe 
to you, concerning the fubject of this letter, 
and it is chis ; that when we are to judge, whe- 
ther athing be contrary toreafonor not, there is 
acreat deal of difference, whether we take rea- 
fon for the faculty furnifhed only with its own 
innate principle, and fuch notions, as are gene- 
rally obvious, (nay, and if you pleafe, with 
this or that philofophical theory ;) or for the 
faculty illuminated by divine revelation, efpe- 
cially that, which is contained in the books 
commonly called the Scripture. 

Toclear and enforce this the better, I fhall 
invite you to take notice with me of the two 
folloWing particulars. 

We may then in the firft place confider, 
that even in things merely natural, men do not 
think it at all irrational, to believe divers fuch 
things upon extrinfecal proofs, efpecially the 
teltimony of the fkilful, as, if it were not for 
that teftimony, a man, though born with 
good parts, and poffibly very learned in the 
Peripatetick, or fome other particular philofo- 
phy, would look upon as irrational to be be- 
lieved, and contrary to the laws of nature. 

Or this I fhall give you fome inftances in the 
phzenomena of the loadftone, and particularly 
juch as thefe ; that the loaditone, though (as 
was above intimated) with one part it will 
draw, yet with another the fame {tone will re- 
pel the fame point of the fame excited needle ; 
and yet at the fame time be fit to attract either 
pointof another needle, that never came near 
aloaditone before: that though it be the load- 
{tonc, that imparts an attractive virtue to the 
iron, yet when the load-itone is capped, as 
they called it, and fo a piece of tron (and con- 
fequently a diftance) is interpofed betwixt the 
{tone and the weight to be raifed, it will take 
up by many times more, than if it be itfelf ap- 
plied immediately thereunto, infomuch that 
Merfennus relates, that (if there be no mif- 
take,) he had a load-ftone, that of itfelf would 
take up but half an ounce of ion, which 
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when armed (or capped) would lift up ten 
pounds, which, fays he, exceeded the former 
weight three hundred and twenty times: that 
a mariner’s needle, being once touched witha 
vigorous load-ftone, will afterwards, when free- 
ly poifed, turn it felf north and fouth ; and if 
it be by force made to regard the eaft and weft, 
or any other points of the compafs, as foon as 
it is left at liberty, it will of itfelf return to its 
former pofition : that a load-ftone floating on 
water will as well come to, and follow a piece 
of iron, that is kept from advancing towards 
it, as, when itfelf is fixed, and the iron at li- 
berty, it will draw that metal to it: that with- 
out any fenfible alteration in the agent or the 
patient, the load-ftone will in a trice commu- 
nicate all its virtues toa piece of fteel, and en- 
able that to communicate them to another piece 
of the fame metal: that if a load-ftone, 
having been marked at one end, be cut long- 
wife according to its axis, and one fegment be 
freely fufpended over the other, the halves of 
the marked end, that touched one another be- 
fore, will not now lie together, but the lower 
will drive away the upper ; and that, which re- 
garded the north in the marked end of the in- 
tire load-ftone, will join with that extreme of 
the lower half, which in the intire ftone re- 
garded the fouth: that (as appears by this laft 
named property) there are the fame magnetical 
qualities in the feparated partsof a magnet, as 
in the intire ftone; and if it be cut, or even 
rudely broken into a great many parts or frag- 
ments, every one of thefe portions, though 
perhaps not fo big as a corn of wheat, will, if 
I may fo fpeak, fet up for itfelf, and have its 
own northen and fouthern poles, and become 
a little magnet, /uz juris, or independent 
upon the ftone, from which it was fevered, and 
from all its other parts: that if a loadftone be 
fkilfully made fpherical, this little magnetick 
globe, very fitly by our Gilbert called a ter- 
rella, will not only, being freely placed, turn 
north and fouth, and retain that pofition, but 
have its poles, its meridians, its zquator, &c. 
upon good grounds defignable upon it, as they 
are upon the great globe of the earth. And 
this will hold, whether the terrella be great or 
{mall. 

] might not only much encreafe the number 
of thefe odd magnetical phenomena, but add 
others about other fubjects ; but thefe may fuf- 
fice to fuggeft to us this reflection, that there is 
no doubt to be made, but that a man, who ne- 
ver had the opportunity to fee or hear of mag- 
netical experiments, would look upon thefe as 
contrary to the principles of nature, and there- 
fore to the dictates of reafon, as accordingly 
jome learned Ariftotelians, to whom I had oc- 
cafion to propofe fome of them, rejeéted them 
as incredible. And I doubt not, but Icould frame 
as plaufible arguments from the mere axioms of 
philofophers, and the doétrine of philofophick 
ichools againft fome magnetical phznomena, 
which experience hath fatisfied me of, as are 
wont to be drawn from the fame topicks a- 
gainft the myfterious articles of faith ; fince a- 
mong the ftrange properties of the load-ftone 
there are fome, which are not only ro 
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and ftupendous, but fcem repugnant to the 
dictates of the received philoiophy and the 
courfe of nature. For whereas natural bodies, 
how fubtile fcever, require fome particular dif- 
pofitions in the medium, through which their 
corpuicles are to be diffufed, or their actions 
tran{mitted ; fo that light itfelf, whether it be a 
moft fubtile body, or a naked quality, 1s re- 
fitted by all opacous mediums, and the very 
effuvia of amber and other eleétricks will not 
permeate the thinneft glafs, or even a fheet of 
fine paper ; yet the load-itone readily perform- 
ing his operations through all kind of me- 
diums, without excepting glafs icfelf. 

Ir the poles of two magnetick needles do 
both of them regard the north, another philo- 
fopher would conclude them to have a fympa- 
thy, at leaft to be unlikely to difagree ; and 
yet, if he bring thefe extremes of the fame de- 
nomination within the reach of one another, 


one will prefently drive away the other, as if. 


there were a powerful antipathy between them. 

A fomewhat long needle being placed hori- 
zontally, and exactly poifed upon the point of 
a pin, if you gently touch one end with the 
pole of a vigorous magnet, that end fhall ma- 
nifeftly dip or ftoop, though you often take it 
off the pin, and put it on again. And this 
inclination of the needle will continue many 
years, and yet there is not only no other fen- 
fible change made in the metal by the contact 
of the load-ftone ; but one end has required a 
a durable preponderancy, though the other be 
not lighter, nor the whole needle heavier than 
before. And the inclination of the magnetick 
needle may be by another touch- of the load- 
ftone taken away, without leffening the weight 
of the part, that is deprived of it. 

THE operation, that, in a trice, the load- 
ftone has on a mariner’s needle, though it 
makes no fenfible change in it, or weakens the 
load-ftone itfelf, will not be loft, though you 
carry it as far as the fouthern hemifphere : but 
it will not be the fame in all places, but in 
fome, the magnetick needle will point di- 
rectly at the north, in others, it will deviate 
or decline fome degrees towards the eaft or the 
weft: and, which feems yet more ftrange, the 
fame needle in the fame place will nor always 
regard the fame paint of the compafs, but, 
looked on at diftant times, may vary from the 
true meridian, fometimes to the weft, and af- 
terwards to the eaft. 

ALL the communicable virtues of the mag- 
net may be imparted to iron, without any ac- 
tual contact of the two bodies, but barely by 
approaching in a convenient way the iron to 
the loadftone for a few moments. And the 
metal may likewife be deprived of thofe vir- 
tues in a trice, without any immediate contact 
by the fame, or another loadftone. 

Ir you mark one end of arod, or other 
oblong piece of iron, that never came near a 
magnet, and hold it perpendicularly, you may 
at pleafure, and in the hundredth part of a 
minute, make it become the north or fouth 
pole of a magnetical body. For if, when it 
is held upright, you apply to the bottom of 
it the north-extreme of an excited and well- 
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poifed needle, the lower end of the iron will 
drive away that extreme, which yet will be 
drawn by the upper end of the fame iron. 
And if, by inverting, you make this lower end 
the uppermoft, it will not attraét, but repel 
the fame lilly or north point of the needle, 
juft under which it is to be perpendicularly 
held. 

THouGH wis unita fortior be a received 
rule among naturalifts; yet oftentimes, if a 
magnet be cut into pieces, thefe will take up, 
and fuftain much more tron, than the entire 
{tone was able to do. 

Ir, of two good loadftones, the former be 
much bigger, and on that account ftronger 
than the other, the greater will draw a piece 
of iron, and retain it much more ftrongly 
than the leffer ; and yet, when the iron {ticks 
faft to the greater and ftronger loadftone, the 
leffer and weaker may draw the iron from it, 
and take it quite away, 

THESE phenomena, (to mention now no 
more,) are fo repugnant to the common fen- 
timents of naturaliits, and the ordinary courfe 
of things, that, if, antecedently to any tefti- 
mony of experience, thefe magnetical proper- 
ties had been propofed to Ariffotle himielf, he 
would probably have judged them fictitious 
things, as repugnant to the laws of nature: 
neverthelefs, though it feems incredible, that 
the bare touch of a loadftone fhould impart to 
the mariner’s needle a property, which, (as 
far as we know) nothing in the whole world, 
that 1s not magnetical, can communicate or 
poffefs ; and fhould operate (as men fuppofe) 
upon it at three or four thoufand leagues di- 
{tance ; yet this is believed by the Peripateticks 
themfelves upon the teftimony of thole navi- 
gators, that have failed to the Ze and Wef- 
Indies ; and divers even of the more rigid of 
the modern philofophers believe more than 
this, upon the teftimony of Gilbert, Cabeus, 
Kircherus, and other learned magnetical wri- 
ters, who have affirmed thefe things ; moft of 
which I can alfo aver to you upon my own 
knowledge. : 

Tuus the habitablenefs of the torrid zone, 
though (as I lately noted) upon probable 
crounds denied by Ari/totle, and the generality 
of philofophers for many ages; yet not only 
that, but its populoufnefs, is now confidently 
believed by the Peripatetick fchoolmen them- 
felves, who never were there. 

Anpb though Péolomy, and fome other emi- 
nent aftronomers, did with great care and fkill, 
and by the help of geometry, as well as ob- 
fervations, frame a theory of the planets fo 
plaufibly contrived, that moft of the fucceed- 
ing mathematicians for twelve or fourteen ages 
acquiefced in it; yet almoft all the modern 
philofophers and aftronomers, that have fearched 
into thefe matters, with a readinefs to believe 
their eyes, and allow their reafon to act freely, 
have been forced, if not to reject the whole 
theory, yet, at leaft to alter it quite, as to the 
number and order of the planets, though thefe 
lait named innovations are fometimes folely, 
and always mainly, built upon the phanomena, 
difcovered to us by two or three pieces of glais 
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placed in a long hollow cane, and horioured 
with the name of a telefcope. 

Tue laft of the two things, I invited you 
to confider with me, is this, that when we 
are to judge, which of two difagreeing opt- 
nions is moft rational, 1. e. to be judged moft 
agreeable to right reafon, we ought to give 
fentence, not for that, which the faculty, fur- 
nifhed only with fuch and fuch notions, whe- 
ther vulgar, or borrqwed from this or that fect 
of philofophers, would prefer, but that, which 
is preferred by the faculty, furnifhed, either 
with all the evidence requifite or advantageous 
to make it give a right judgment in the cafe 
lying before it, or, when that cannot be had, 
with the beft and fulleft Informations, that it 
can procure. 

Tris is fo evident by its own light, that 
your friend might look upon it as an affront 
to his judgment, if I fhould go about folici- 
toufly to prove it. And theretore I fhall only 
advertife you, that, provided the information 
be fuch, as a man has juft caufe to believe, and 
perceives, that he clearly underftands, it will 
not alter the cafe, whether he have it by reafon, 
as that is taken for the faculty furnifhed but 
with its inbred notions, and the more common 
obfervations, or by fome philofophical theory, 
or by experiments purpofely devifed, or by 
te{timony human or divine, which laft we call 
revelation. For all thefe are but differing ways 
of informing the underftanding, and of figni- 
fying to it the fame thing; as the fignt and 
the touch may affure a man, that a body is 
{fmooth or rough, or in motion or at reft; 
(and in fome other inftances, feveral fenfes dif- 
cover to. us the fame object, which 1s there- 
fore called objectum commune ,) and provided 
thefe ififormations have the conditions lately 
intimated, which way foever the underftanding 
receives them, it may fafely reafon and build 
opinions upon them. : 

ASTRONOMERS have within thefe hundred 
years obferved, that a ftar hath appeared 
among the fixed ones for fome time, and 
having afterwards difappeared, has yet fome 
years after that fhewed itfelf again. And 
though, as to this furprizing phaznomena, our 
experimental philofophers could have contri- 
buted nothing to the producing it, and though 
it is quite out of all the received {fyftems of 
the heavens, that aftronomers have hitherto 
delivered; yet the ftar itfelf may be a true ce- 
leftial light, and may allow us to philofophize 
upon it, and draw inferences from the difco- 
veries it makes us; as well as we can trom the 
pheenomena of thofe ftars, that are not extra- 
ordinary, and of thofe falling ftars, that are 
within our own ken and region. 

TuatT the fupernatural things, faid to be 
performed by witches and evil fpirits, might, 
if true, fupply us with hypothefes and me- 
diums, whereby to conftitute and prove theo- 
rics, as well as the phenomena of mere na- 
ture, feems tacitly indeed, but yet fufficiently, 
to be acknowledged, by thofe modern natura- 
lifts, that care not to take any other way to 
decline the confequences, that may be drawn 
from fuch relations, than folicitoufly to shew, 
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that the relations themfelves are all, as I fear 
moft of them are, falfe, and occafioned by the 
credulity or impofture of men. 

Burt not to do any more than glance at 
thefe matters, let us proceed upon what is 
more unqueftionable, and confider, that, fince 
even our moft critical philofophers do admit 
many of the aftonifhing attributes of magne- 
tick bodies, which themfelves never had occa- 
fion to fee, upon the teftimony of Gilbert, and 
others, who never were able to give the truc 
caufes of them; becaufe they look upon thofe 
relators as honeft men, and judicious enough 
not to be impofed upon as to the matter of 
fact; fince, I fay, fuch amazing things are be- 
lieved by fuch fevere naturalifts, upon the au- 
thority of men, who did not know the intimate 
nature of magnetick bodies; and fince thefe 
{trange phenomena are not only affented to, as 
true, by the philofophers we {peak of, but ma- 
ny philofophical confequences are without he- 
fitancy deduced from them, without any ble- 
mifh to the judgment of thofe, that give their 
affent both to the things and the inferences ; 
why fhould it be contrary to reafon to believe 
the teftimony of God, either about his nature, 
which he can beft, and he alone can fully 
know, or about the things, which either he 
himfelf has done, as the creation of the world, 
and of man; or which he means to do, as the 
deftroying the world, (whether the whole 
world, or our great vortex only, I difpute not) 
and the raifing both of good and bad men to 


life again, to.receive rewards and punifhments, 


according to their demerits. For methinks 
that apoftle argues very well, who fays, ‘ if 
‘© we receive the teftimony of men, the tefti- 
‘< mony of God is greater ;”’ efpecially about 
fuch things concerning his own nature, will, 
and purpofes, as it is evident, that reafon, by 
its own unaffifted light, cannot give us the 
knowledge of. 

So that we Chriftians, in affenting to doctrines 
upon the account of revelation, need not, nor 
donot, reject the authority of reafon, but on- 
ly appeal from reafon to itfelf, 1. e. from rea- 
fon, as it is more flightly, to its dictates, as 
it is more fully informed. Of which two forts 
of dictates there is nothing more rational, than 
to prefer the latter to the former. 

AND for my part, Iam apt to think, that, 
if what has been reprefented in this fection, 
were duly confidered, this alone would very 
much contribute to prevent or anfwer moft of 
the objections, that make fuch of the ques 
ftioners of religion, as are not refolutely vi- 
cious, entertain fuch hard thoughts of fome 
articles of the Chriftian faith, as if they were. 
directly repugnant to reafon. For, as we 
were obferving, that is not to be looked on as 
the judgment of reafon, that is pronounced 
even by a rational man, according to a fet of 
notions, though the inferences from thefe 
would be rational, in cafe there were nothing 
elfe fit to be taken into confideration by him, 
that judges; but that is rather to be looked 
upon as the judgment of reafon, which takes 
in the moft information procurable, that is 
pertinent te the things under confideration. 
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And therefore men, though otherwife learned 
and witty, fhew themfelves not equal eftima- 
tors of the cafe of thofe, tha. believe the ar- 
ticles we {peak of, when they pronounce them 
to afient irrationally, becaufe the things they 
affent to cannot be demonftrated or maintained 
by mere natural reafon, and would probably 
be rejected by Democritus, Epicurus, Ariftotle, 
or any other of the ancient philofophers, to 
whom they fhould be nakedly propofed, and 
whote judgment fhould be defired about them. 
For, although this allegation would fignify 
much, if we pretended to prove what we be- 
lieve only by arguments drawn from the na- 
ture of the thing affented to; yet it will not 
fienify much in cur cafe, wherein we pretend 


to prove what we believe, chiefly by divine ° 


teftimony, and therefore ought not to be con- 
cluded guilty of an irrational affent, unlefs it 
can be fhewn, either that divine teftimony is 
not duly challenged by us for the main of our 
religion; or that in the particular articles we 
father fomething on that teftimony, which is 
not contained in it, or rightly deducible from 
it. And to put us upon the proving our par- 
ticular articles of faith, fufficiently delivered in 
the {criptures, and not knowable without re- 
velation, by arguments merely natural, with- 
out taking notice of thofe we can bring tor 
the proot of that revelation, on whole ac- 
count we embrace thofe articles, is to chal- 
lenge a man to a duel, upon condition he fhall 
make no ufe of his beft weapons; and is as 
unreafonable, as if a {choolman fhould chal- 
‘lenge your friend to prove, that the torrid 
zone is inhabited, againft the reafons, that the 
Ariftotelians are wont to give to prove it un- 
inhabitable, without allowing him to make ufe 
of the teftimony of navigators, who affure us 
of the conftant breezes, that daily ventilate the 
air, and qualify that heat, which otherwife 
would not be fupported, and who furnifh us 
with thofe other circumftances, whereon to 
build our proofs, which we, that were never 
there, can have but by relation. 

AnD indeed, the iimitations, that Chriftian 
religion puts to fome of the dictates of phi- 
lofophy, which were wont to be admitted in 
a more general and unreftrained fenfe, and the 
doétrines about God andthe foul, &c. that it 
fuperadds to thole, which the light of nature 
might lead men to about the fame fubjects ; 
though to fome they may feem injurious to 
philofophy and reafon, are as little unkind to 
either, as is the gardener to a crab-f{tock, or 
fome fuch other wild plant, when by cutting 
off fome of the branches, and by making a 
flit in the bark, that he may graft on it a 
pare-main, or fome other choice apples, by 
this feemingly hard ufage he brings it to bear 
much nobler fruit, than, if left to its own 
natural condition, it ever would have done. 

I know not, whether to all, that hath been 
faid in this feétion, I may not add thus much 
further, that it fometimes happens, that thofe 
very things, which at firft were propofed to 
the underftanding, and believed upon the fcore 
of revelation, are afterward affented to by it 
upon the account of mere reafon. ‘To which 
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purp6le I confider, that not any of the ancient 
philolophers, nay, as far as I’ have read, even 
of thofe, that believed God to be the author of 
the world, dreamed, that he created matter of 
nothing, but only formed the world out of 
pree-exiftent matter; whereas Chriftian divines 
ulually teach, as an article of faith, that befides 
what they call a mediate creation, as when 
fifhes were made out of the water, or Adam’s 
body was made out of the earth, there was an 
inimediate production of matter itfelf out of 


nothing. 
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F TER what has been hitherto difcourfed, 

it may be feafonable to confider, what 

kind of probation, cs what degree of evi- 

dence may reaionably be thought iufficient, to 

make the Chriftian religion thought fit to be 
embraced. 

PeruHaps | fhall not need to tell you, thar, 
befides the demonftrations wont to be treated 
of in vulgar logick, there are among philcfo- 
phers three diftinét, whether kinds or degrees, 
of demonftration, For there is a metaphyfical 
demonttration, as we may call that, where the 
conclufion is manifeftly built on thofe general 
metaphyfical axioms, that can never be other 
than true ; fuch as nzhil poteft fimul effe &F noir 
effe ; non entis null funt proprietates reales, (Sc. 
There are alfo phylical demonftrations, where 
the conclufion is evidently deduced from phy- 
fical principles, fuch as are ex nibilo nibil fit : 
Nulla fubftantia in nibilum redigitur, €c. which 
are not fo abfolutely certain as the former, be- 
caufe, if there be a God, he may (at leaft for 
aught we know) be able to create and anni- 
hilate fubftances ; and yet are held unqueftion- 
able by the ancient naturalifts, who ftill fuppote 
them in their theories. And laftly, there are 
moral demonftrations, fuch as thofe, where the 
conclufion is built, either upon fome one fuch 
proof cogent in its kind, or foie concurrence 
of probabilities, that it cannot be but allowed, 
fuppofing the truth of the moft received rules 
of prudence and principles of practical philo- 
fophy. 

Anp this third kind of probation, though 
it come behind the two others in certainty, yet 
it is the fureft guide, which the actions of men, 
though not their contemplations, have regu- 
larly allowed them to follow. And the con- 
clufions of a moral demonftration are the fureft, 
that men afpire to, not only in the conduét of 
private men’s affairs, but in the government 
of ftates, and even of the greateft monarchies 
and empires. And this ts confiderable in mo- 
ral demonftrations, that fuch may confift, and 
be, as it were, made up of particulars, that are 
each of them but probable ; of which, the laws 
eftablifhed by God himfelf among his own 
people, as well as the practice of our courts of 
juftice here in England, afford us a manifeft 
inftance in the cafe of murder, and forme other 
criminal caufes. For, though the teftimony of 
a fingle witnefs fhall not fuffice to prove the 
accufed party guilty of murder ; yet the tefti- 
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credit, that is, a fecond teftimony added to 
the firft, though of itfelf never a wit ‘more 
credible than the former, fhall ordinarily fuffice 
to prove a man guilty; becaufe it is thought 
reafonable to fuppofe, that, though each tefti- 
mony fingle be but probable, yet a concur- 
rence of fuch probabilities, (which ought in 
reafon to be attributed to the truth of what 
they jointly tend to prove) may well amount 
to a moral certainty, z.¢. fuch a certainty, as 
may warrant the judge to proceed to the {fen- 
tence of death againft the indicted party. 

To apply thefe things now to the Chriftian 
religion: if you confider, with how much ap- 
probation from difcerning men, that judicious 
obfervation of Ariffotle has been entertained, 
where he fays, that itis as unfkilful and im- 
proper a thing, to require mathematical de- 
monttrations in moralaftairs, as to take up with 
moral arguments in matters mathematical; you 
will not deny, but that thofe articles of the 
Chriftian religion, that can be proved by a 
moral, though not by a metaphyfical or phy- 
fical demonftration, may, without any blemifh 
to a man’s reafon, be affented to; and that 
confequently (by virtue of the foregoing con- 
fiderations) thofe other articles of the Chriftian 
faith, that are clearly and legitimately dedu- 
cible from the fo demonftrated truths, may 
likewife, without difparagement, be affented 
to. 

We may alfo here confider further, that 
the chufing, or refufing to embrace the Chri- 
ftian religion, which is not propofed to us only 
as a fyftem of fpeculative doctrines, but alfo 
as a body of laws; according to which, It 
teaches us, that God commands us to worfhip 
him, and regulate our lives; the embracing, 
I fay, or not embracing this religion, ts an act 
of human choice, and therefore ought to be 
determined according to the dictates of pru- 
dence. Now, though in matters, that very 
much import us, we may wifh for and endea- 
vour after fuch reafons, whereby to determine 
our refolves, as may amount to moral demon- 
{trations; yet prudence will not always require, 
that we fhould refufe to at upon arguments of 
a lefs cogency, than moral demonftrations. 
For oftentimes, in human affairs, it fo falls out, 
that divers hazards, or other inconveniencies, 
will attend whatever refolution we take; and 
in that cafe, all that prudence requires, or can 
enable us to do, is, to take that refolution, 
which upon the whole matter feems to be pre- 
ferable to any other; though that, which 1s 
thus preferred, may perhaps be liable to fome 
objection, that cannot be direétly anfwered, but 
only obliquely, by the preponderancy of the 
arguments, that perfuade the choice, againft 
which the objection is made. 

But here perhaps you will tell me, that the 
fafeft way, in cafe of fuch importance, is to fuf- 
pend an action, that is every way attended with 
difficulties, and to forbear either embracing or 
rejecting the Chriftian religion, till the truth or 
falfenefs of it come to appear evident and un- 
queftionable. . 

~ To which J anfwer, that indeed in matters 
of bare fpeculation, about which our under- 
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ftandings only need to be converfant, the fut. 
penfion of affent is not only practicable, but 
ufually the fafeft way ; but Des Cartes himfelf, 
who has been the greateft example and incul- 
cator of his fufpenfion, declares, that he would 
have it practifed only about human fpecula- 
tions, not about human actions; fed hee in- 
terim dubitatio ad folam contemplationem veri- 
tatis reftringenda; non quanium ad ufum vite : 
quia perfape rerum agendarum occafio preteriret, 
antequam nos dubiis noftris exolvere poffemus. 
Non raro quod tantum eft verifimile cogimur am- 
pleéti, vel etiam interdum, etfi é duobus unum 
altero verifimilins non appareat, alterutrum ta- 
men eligere. And in fome of his other wri- 
tings he fpeaks fo much to fhew, that it is un- 
reafonable to expect in matters, wheré embra- 
cing or rejecting a courfe, that requires practice, 
is neceflary, fuch a certainty, as he judges ne- 
ceflary to make a true philofopher acquefce 
in reference to propolitions about fpeculative 
matters, that I find by one of his letters, that 
he was vehemently accufed for having taught, 
that men need not have as fure grounds for 
chufing virtuous and avoiding vicious courfes, 
as for determining about things merely no- 
tional. _ 

Awp here let me obferve to you the diffe- 
rence, that I take notice of in the cafes, where 
we are put upon deliberating, whether we will 
chufe or refufe a thing propofed. For it may be 
propounded to us, either as a proffer, on whofe 
acceptance an advantage may be hoped, or as 
a duty, which, befides the advantage it pro- 
mifes to the performance, has a penalty an- 
nexed to the non-performance, or as an only 
expedient to avoid a great mifchief, or obtain 
a great good. 

Txus, when in the Theatrum Chymicum {ome 
of its chief authors, as Lully, Geber, Artephius, 
who pretend to have been adepti, i.e. poffel- 
fors of the elixir, very eameftly exhort their 
readers to apply themfelyes to fo noble and 
ufeful a ftudy as alchymy, (by the help of 
which, the laft-named Artepbius is faid to have 
lived 1000 years,) they make but a propofi- 
tion of the firft fort. For though a profpe- 
yous attempt to male the philofophers ftone 
({uppofing there be fuch a thing) would poffefs 
aman of an ineftimable treafure; yet, if he 
either refufe to believe thefe writers, or, if he 
do believe them, refufes to take the pains re- 
quired of him, that would follow their counfel, 
he can only mifs of the wealth, &c. they would 
make him hope for, but is really never a whit 
the poorer, or in a worfe condition, than if they 
had not endeavoured to engage him. 

But if an abfolute fovereign commands 
fomething to be done by his fubjects; and to 
enforce his command, does not only propofe 
great recompenfes to thofe, that fhall perform 
what it prefcribed, but threatens heavy penal- 
ties to the difobedient; this will belong to 
the fecond fort of cafes above mentioned, in 
which, as it is evident, a man has not the fame 
latitude allowed him as in the firft. 

But if we fuppofe, that a man by a tranfla- 
tion of very peccant matter has got a {pread~ 
ing gangrene in his arm, and a fkilful fur- 
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geon tell him, that, if he will part with his 
arm, he may be recovered, and fave his life, 
which elfe he will certainly lofe; this cafe will 
belung to the laft fort above-mentioned ; the 
patient’s paiting with his arm being the only 
remedy of the gangrene, and expedient to fave 
his lite, and recover his health. And here 
alfo it is manifeft, that there are far {tronger 
motives, than thofe mentioned in the firft cafe, 
to make a pofitive and timely refolution. 

To bring this home to our fubject, I need 
but mind you, that the Chriftian doctrine does 
not only promife a heaven to fincere believers, 
but threatens no lefs than a hell to the refrac- 
tory. 

THe voice of Mofes to the Fews is this, 

‘© Behold, I fet before you this day a bleffing 
‘¢ and a curfe; a bleffing, if ye obey the com- 
mandments of the Lord your God, which 
I command you this day ; and a curfe, if 
ye will not obey the commandment of the 
Lord your God, but turn afide out of the 
way, which I command you this day.”’ 
AND the commiffion, that Chrift gave his 
apoftles, to preach the gofpel, runs thus: 
‘¢ Go ye into all the world, and preach the 
“© gofpel to every creature,” i.e. to all man- 
kind; “* he that believeth, and is baptized, 
<¢ fhall be faved; but he, that believeth not, 
‘¢ fhall be damned.” 

By this you may perceive, that as far as 
there is either truth or probability in the Chri- 
{tian religion, fo far forth he, that refufes to 
become a difciple to it, runs a venture, not on- 
ly to lofe the greateft bleffings, that men can 
hope, but to fall eternally into the greateft mi- 
feries that they can fear. And indeed our cafe, 
in reference to the Chriftian religion may not 
only be referred to the fecond fort of cafes 
lately mentioned, but to the third fort too. 
For as the language of the author of the Chri- 
{tian religion was to his auditors, ‘* If ye be- 
«© lieve not, that I am he (the Meffias) ye fhall 
<¢ die in your fins ; fo of the two greateft he- 
ralds of it, the one tells the Jews, that neither 
is there falvation in any other: for, * there is 
‘¢ no other name under heaven given among 
‘¢ men, whereby we mutt be faved :”” And the 
other tells the Theffalonians, that the ** Lord 
« Jefus fhall be revealed from heaven with his 
‘¢ mighty angels in flaming fire, taking ven- 
‘¢ geance on them, that know not God, and 
obey not the gofpel of our Lord Jefus 
Chrift ; who fhall be punifhed with ever- 
lafting deftruction from the prefence of the 
“¢ Lord, and from the glory of his power.” 

By all this it appears, that the Chriftian re- 
ligion is not propoied barely as a proffer of 
heaven in cafe men embrace it, but as a law, 
that men fhould embrace it upon the greateft 
penalty, and as the only expedient and remedy 
to attain eternal happinefs, and oy = endleds 
mifery ; fo that the forbearing to fubmit our 
necks to the yoke of Chrift being as well a 
ruinous courfe, as to reject it, that, which rea- 
fon here puts us upon, 1s, not fo much to con- 
fider, whether or no the arguments for the 
Chriftian religion be demonftrations, and will 
ci.sble aman to anfwer directly all objections 


66 


c¢ 


&¢ 


-with them. 


and f{cruples ; (for there are divers courfes, that 
prudence may enjoin a man to fteer, whilft 
philofophy fuggefts fpeculative doubts about 
the grounds of fuch refolutions ;) but whether 
it be more likely to be true, than not to be 
true, or rather, whether it be not more ad- 
vifeable to perform the conditions it requires 
upon a probable expectation of obtaining the 
bleffings it promifes, than by refufing it to run 
a probable hazard of incurring fuch great and 
endlefs miferies, as it peremptorily threatens. 

Iv will perhaps be faid, that this is a hard 
cafe. But that is an allegation I am not here 
to confider; fince it properly belongs to the 
doctrine about the providence of God, who 
being the only Author and abfolute Lord of 
the creatures, who can receive neither laws 
nor benefits from them, that can oblige him 
to them; has a right to prefcribe them what 
laws he thinks fit, that are not impoffible for 
them to obey, and to punifh their difobedience 
to fuch laws ; and much more has a right to 
annex what conditions he pleafes, to that in- 
eftimable felicity he holds forth; the proffer 
of it upon any terms being a free aét of his 
mere goodnefs, and the value of it incompa- 
rably {urpaffing whatever we men can do or 
fuffer to obtain it; efpecially confidering, that, 
as he might enforce his commands, as fove- 
reigns commonly do, by threatning penalties to 
the difobedient, without propofing rewards to 
the performers; fo he has given men fuch pro- 
bable arguments to ground their expectations 
on, that they will be felf-condemned, if they 
reject the religion he propofes, and yet main- 
tain it to be decent (if I may fo fpeak) for 
him to crown their faith with unvaluable blef- 
fings. But, as I was faying, the direét and 
full anfwer to this allegation belongs not to 
this place, where it may fuffice to fay, that, 
whether the cafe be hard or no, yet this is the 
cafe. And therefore, though the proofs of the 
Chriftian religion did not amount (which yet I 
do not grant) to moral demonftrations, a man 
may act rationally in embracing that religion, 
if, all things confidered, it appear more likely 
to be true, than not to be true. 

Anpv I fhall by and by fhew you, that this 
isnot the only cafe, where prudence puts us 
upon making refolutions, notwithftanding con- 
trary doubts. 

1 know the harfhnefs of the cafe is by moft 
men made to confift in this, that for a reli- 
gion, whereof the truth fuppofed in its pro- 
mifes and threats is not demontftratively prov- 
ed, we muft refign up our pleafures, and fome- 
times undergo confiderable hardfhips and lof- 
fes, and confequently we muft quit what is cer- 
tain, for what is uncertain. J have in another 
paper had occafion to fay fomething elfe to 
this objection, than what (to avoid repetition) 
fhall make up my prefent anfwer, which con- 
fifts of two parts. 

Tue firft whereof is, that what we are to 
give up to become Chriftians, is not really fo 
valuable in itfelf, as the objecters think, and 
that it is of fcarce any value at all, if com- 
pared to the goods we may acquire by parting 
For alas! what is it, that Chrifti- 
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anity requires us to forego, but {mall petty en- 


goyitents ? which thofe, that have had the moft 


ef, have found them, and prénounced them 


“gnfatisfactory,, whilft they poffeffedthem, and 


which maniteft experience fhews to be no lefS 
tranfitoty, than they have been declared empty, 
fince a thoufand accidents may take them from 
us, and death will mfallibly, after a fhort time 
(which can be’but a moment compared to e- 
ternity) take us from them. And if it be faid, 
that thefe enjoyments, ftich as they are, are at 
leaft the only happinefs, that we can make our 
felves fiire of ; I mutt freely profef8, that I think 
it therefore the more reafonable to part with 
them, if itbe neceffary, upon the hopes, that 
Chriftian religion gives us. For (efpecially if 
a4 man behold thofe thiiigés, not only with a 
philofophical eye, that can laok throtigh them, 
but with a Chriftian eye; that can look beyond 
them,) if there canbe no greater happitiefs, I do 
not think fe poor a thing, ds frien call happihels, 
worth being greedily defited ; did if thete be 
fach a tranfcendent happinefs as Chriftianity 
hiolds forth, Iam fure, that deférves to be the 
ebjeét of my ambition. So that either the 
meannefs of worldly happinefs will make mé 
think it no great mrfety to want it, or the ex- 
cellency of heavenly felicity will make me think 
it @reat wifdom to part with earthly for it. 
Anp now, in the fecond part of my an- 
fwer, § muft invite your to confider with me, 
that Chriftian religion requires fot of us actions 
more imiprudent, than divefs others; that are 
generally looked upon as complying with the 
dictates of ptudente, and fomé of thém praktied, 
by great politicians themfélves, in the weighty 
affairs of flat. | 
You know, whae ¢ common pratticé it is, m 
great tSrmis at fea, for the merchants them- 
felves to thréw over-board their géods, ant, 
perhaps too, their victuals, (as! in Paul's café) 
though they be fure to lofé what they caft a 
way, and ate not certain, either that this lof 
will fave the fhip, or tha¥ the fhip may not be 
faved without it, Fhe wifeft, and éven the 
worldlieft men; whether pritites or private per- 
fons; think themifelves never more fo, thah’ 
when they toil, and lay out their care and time, 
and ufually deny themfelvés niany things, to’ 
provide advantagioully fot children, which they 
have but a woman’s word for, and confequientiy 
abare motal probability toaffiire theth tobe theirs: 
In thé fmall pox mary phyfitiaris are for 
bleeding,» and others (as mioft of our Enelttt 
pra€titionérs) are very much againit it, Sup* 
pofing:then (whith is no‘very rare cafe) that a’ 
perfon invaded by that difeafe be tol? by one 
of his phyficiaris;) that, unlefs nature: be’ eafed 
of part of her burthen By phlebotomy, fhe 
vill naver be able to overcome the difeafe ; 
and on the corltrary;? the other affuires- him}: 
that, if by-extiauftingsthe treafure of! life, (the’ 
bleod) he further'weaken's nature, which 1s-but” 
tao weak- already, the difeafe niuft needs-over-— 
come her: what cana prudent man do ini this 
cafe, where he can take no refolution, agaiaft 
which probable arguments; that aré’ not di- 
rectlyand-fully, to’be ‘anfwered, may’ not be op- 
pofed, and !where-yet the futpetfion of his ‘refo- 
Vor, II. 


of REASON dd RELIGION. 


Iition may be as ruinotis, as the Ventutin’s to 
take either of thofe he is invited to ? 

Ano in the formerly mentioned cafe, of a 
mah, that has a fpréading baheréit ih Kis arm, 
if he confents,; that it be cut off, which pri 
dence often requites that he fhould do, he fs 
cettain to lofe one of his ufefullelt limbs, and 
is not certain, but that hé may fave his life with: 
ok that lofs, nor that he fhall fave it by that 
ofs. 

ANnp to give you ah inftance or two of 4 
tore publick nature ; how ttany exdiriples 
does hiftory affétd us of famous generals and 
other gteat commdnders, who have ventured 
thelr forcés and their lives to iize upon place's 
ptomiifed to be betrayed to them by thofe they 
had torrupted with tioney ; though the grotind, 
upon which théy run this Hazatd, be the en- 
gapement of fone; who, if they were not 
traytors, that could ave théir faith, would 
hever have beer bribed to take fo criminal arid 
ifnominicus an ene#eemetftt ? How oftén Have 
thé preateft politicians eithet refolved to éntet 
into a wat, or tdken cotirfés, that they forefeé 
will py it a war, hpon the informations they 
receive tort thofé they have cotripted in othér 
ptince’s councils; thoveh, fo believe furch in- 
telligenéers; thofe, who venture fo much upon 
théir infornfationg, muft foppofé them fauithléfs 
and petfidtous meén ? 

It wére hot difficult, to add other inflances 
to the fatne ptitpoft, by which, joined with 
what ha’ been above difcourfed, it may appear, 
that 4 mn nééd nor rénounce or lay dfide hi¥ 
féafon to réfolve to firfil the conditions of thé 
sofpel, though the at¢uments for it were noné 
of thein demonftrative ents. For fo muth a? 
a probability of obtaining by it fuch ineftimable 
Beminws, as it propofts, atid’ little moré than a 
bare probability of Meurring, by rejecting it, 
flich unfpeakuble miferiey, asit threatens, may’ 
ratiénallly’ induté 2 man to refolve ujson fulfil- 
ihe its reafbhable céhditions, dnd’ Kis prudéneé 
may very well be juftified, if it do, but appear,’ 
that (r.)*It isthhtte probdblé, chit fore réligion’ 
fiould Be tre; than that fo'marly’ wWéll atrefted? 
miracles’ diledged’ by, the ahiciént Chriftiars’ 
fhowltt be falfe ; and’ thar God, who is thie du 
thor of the world, atdof mith, (for fo muchI 
thihk’ thay’ be’ phyfitally' proved): fhould leave” 
mah, whotn he’ has fo fitted, and by benefits? 
a4 ihtern#l laws obliged'to’ WOFip hi, with- 
out arly pr dikection How to dd iP : and! 
the 2) If tHete bet any’ true religion, the 
CHhiftaris' che’ oft liktly‘to’be’ that, ih redard! 
not only df the’ exéellency’ of its doétrine and’ 
pronfifes, btit’ df clit snap Hla and miracles,’ 
that Bore wiméf to’ it, the? rédords of which! 
were rade By hotieft plain iti, wh taught’ 
atid prattifed- thet (hridtet? viltue, ahd who’ 
Knew their réfisiin’ colldéitined” lying, freely 
joined Heit’ doeteitie’ ad’ natratives with thet? 
Bidet: tHe tut’ oft whicl’ was fo manifeft in” 
che-tinttés, when they’ wete {aid to’bedoné, tHat' 
the evidence feemed abundantly fufficient to’ 
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their intereft and education fo indifpofed to em- 
brace Chriftianity, that, to make a fincere pro- 
feffion of it, they muft neceffarily relinquifh 
both their former religion, and their former 
vices, and venturoufly expofe for it not only 
their fortunes, but their lives. 

Ir it be here objected, that it is very harhh, 
if not unreafonable, to exact, upon fo great pe- 
nalty as damnation, fo firm an affent, as is re- 
quilite to faith, to fuch dottrines, as are either 
obfcurely delivered, or have not their truth de- 
montftratively made out: Ianfwer, that what- 
ever others may think, I don’t believe, that 
there isany degree of faith abfolutely neceffary 
‘to falvation, that is not fuitable to the evi- 
dence, that men may have of it, if they be not 
wanting to themfelves through lazinefs, preju- 
dices, vice, paffion, intereft, or fome other cul- 
pable defect. Forconfidering, that God isjuft, and 
gracious, and has been pleafed to promulgate 
the gofpel, that men, whom it fuppofes to act 
as fuch (that is, as rational creatures) fhould 
te brought to falvation by it; I fee no juft 
caufe to think, that he intends to make any 
thing abfolutely neceffary to falvation, that 
they may not fo far clearly underftand as they 
are commanded diftinétly and explicitely to 
believe it; and what is not fo delivered, I 
fhould, for that very reafon, unwillingly admit 
to be neceffary to falvation: and you may here 
remember, that I formerly told you, I was far 
from thinking all the tenents either of the 
{chools, or of particular churches, to be fo 
much as Chriftian verities, and therefore am 
_ very unlike to allow them here to be funda- 
mentaland neceffary ones ; ‘and I take it to be 
almoft as great as common a miftake, that all 
the doctrines, that concern fundamental arti- 
cles, muft be fundamental too; as if, becaufe 
the head is a noble part of the body, and ef- 
fential to life, therefore all the hair, that grows 
upon it, muft be thought fuch too. But then, 
as to the abfolute firmnefs of affent, that is 
fuppofed to be exacted by Chriftianity to the 
articles it delivers, I am not fure, that it is fo 
neceffary in all cafes to true and faving faith, 
as very many take it to be. For firft, the 
fcripture itfelf tells us, that fome of the truths 
it reveals, are unfathomable myfteries, and fome 
other points are dvenre, hard to be underftood ; 
and it is unreafonable to fuppofe, that the high- 
eft firmnefs of affent is to be given to fuch ar- 
ticles, or to thofe parts of them, as their obfcu- 
rity keeps us from having fo mtich reafon to 
think; that we clearly underftand them, as we 
have to fuppofe we underftand thofe, that are far 
more plainly revealed. And, fecondly, to {peak 
more generally, it is harfh to fay, that the 
fame degree of faith is neceffary to all perfons, 
fince men’s natural capacities’ and difpofitions, 
and their education, and the opportunities they 
have had of being informed, do very much, 
yet perhaps not culpably, difpofe fome more 
than others to be diffident, and apt to hefitate, 
and frame doubts. And the fame arguments may 
appear evident enough to one.man, to make it 
his Cuty to believe firmly what they perfuade, 
‘ich in another, naturally more fceptical, or 
<ocer acquainted with the difficulties and ob- 
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jeCtions urged by the oppofite party, may leave 
fome doubts and fcruples excufable cnough, 
And when either the do¢trine itfelf is not clear: 
ly delivered, or the proofs of it, that a man 
could yet meet with, are not fully cogent ; for 
that man, not to give fuch truths the fame dente 
of affent, that demonftration may produce, is not 
as many interpret it, an affront to the veracity 
of God, fince he may be heartily difpofed andrea. 
dy to believe all, that fhall appear to him to be 
revealed by God, and only doubts, whether the 
thing propofed be indeed revealed by him, or 
whether the diffident party rightly underftands 
the fenfe of thefe words, wherein the revelation 
is contained; which is not to diftruft God. but 
himfelf : and that in fome cafes, a degree of 
faith, not exempt from doubts, may, through 
God’s goodnefs, be accepted, we may learn 
from hence, that the apoftles themfelves “who 
were fo much in Chrift’s favour, made it their 
prayer to him, that he would increafe their 
faith : and he, that begged, that if hecould do 
any thing for his fon, and cried out, * Lard, ° 
‘¢ I believe, help thou my unbelief,’”? was fo 
far accepted by that merciful high prieft, who 
Is apt to be touched with the fenf of eur in- 
firmities, that his requeft was franted, thouch 
it could not be fo but by having a miracle 
done in his favour. The difciples diftreffed 
by a ftorm, and crying to their matter, as 
thinking themfelves upon the very point of pe- 
nfhing, were faved by him, at the fame time 
when he gave them the epithet, “* of men of 
‘¢ Jittle faith:”? and at another time, Peter walk- 
ing upon the fea, though he had loft a decree 
of that faith, that made him firft engage upon 
that adventure, and was reproved for it -by 
Chrift, was yet refcued from that finking con- 
dition, which both he and his faith were in 
And we are told, in the golpel, of a faith, 
which, though no bigger than .a grain of 
muftard-feed, may enable a man to remove 
mountains: and though this paffage fpeaks 
not primarily of juftifying faith, yet ftill it may 
ferve to fhew, that degrees of affent,: far fhort 
of the greateft, may be fo far accepted by God 
as to be owned by miraculous exertions of his 
power. For the faith then, that js made a 
neceffary condition under the gofpel, as the ge- 
nuine fruit and {cope of it is Obedience ; fo it is 
not indifpenfably fuch a faith, as excludes 
doubts, but refufals. And though the affent 
be not fo ftrong, as may be produced by a de- 
monftration ; yet it may be gracioufly accepted 
if it be but ftrong enough to produce obe- 
dience. And accordingly, whereas Paul, in one 
place declares, “ that in Chritt Jefus neither 
<< circumcifion availeth any thing, nor uncir- 
<6 cumcifion, but faith Operative throuch 
<c love 5 we may,learn his meaning from a 
parallel place, where varying the words and 
not the fenfe, of the latter part of the fentence 
he fays, “ that in Chrift Jefus, neither cr’ 
“* cumceifion availeth any thing, nor uncircum- 
“‘ cifion, but the keeping of the command- 
“© ments of God.”? I readily grant, that ar- 
tainment of a higher degree of faith is always 
a bleffing, and cannot be fuficiently prized 
without being fincerely aimed at: but there 
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are-in fome virtues and graces degrees, which 
though to reach be a great happinefs, yet it is 
but the endeavouring after them, that is an in- 
difpenfable duty. “Likewile it is true, that the 
firmnefs ‘of affent to divine verities does, in 
fome regard, bring much honour to God ; as 
it is faid of the father of the faithful, (who in 
reference to the promife made him of J/aac, 
did not confider his own age, nor Sarab’s long 
barrennefs; fo as to entertain any difidence of 
what God had told him) that being mighty in 
faith, he gave glory to God: but it is true 
too, that in another refpect a practical affent 
built upon a lefs undoubted evidence may have 
its preheminence ; for when Chrift now rifen 
from the dead, had {aid to the diftruftful 
, Didymus, “© Thomas, becaufe thou haft feen 
«© me, thou haft believed;’’ he immediately 
adds, “* But bleffed (that 1s, peculiarly and 
“< preferably bleffed) are thofe, that have not 
‘: feen, and yet have believed.” And indeed 
he does not a little honour God (in that fenfe, 
wherein mortals may be faid to honour him) 
who is fo willing to obey and ferve him, and 
fo ambitious to be in an eftate, where he may 
always do fo, that upon what he yet difcerns 
to be but a probability of the Chriftian reli- 
gion’s being the moft acceptable to God, he 
embraces it with all its difficulties, and dan- 
gers, and upon this fcore venturoufly refolves 
to fubmit, if need be, to a prefent and aétual 
dereli€tion of all his fins and lufts, and perhaps 
his intereft and his life too, upon a compara- 
tively uncertain expeCtation of living with him 
hereafter. 


The Conclufion of the First PART. 
. e 
_A& NDhere Iwill put a period to my anfwer 
A to your friend’s queftion in oneof the two 
fenfes of it,and foto the firft part of this difcourfe. 
Againft all which perhaps your friend will ob- 
ject, that at this rate of arguing for the Chriftian 


religion, one may apologize for any opinion, - 


and reconcile the moft unreafonable ones to 
right reafon. But it is not difficult for me to 
reply, that this objetion: is grounded either 
- upon a miftake of the defign of this letter, or 
upon the overlooking of what 1s fuppofed in 
it, For Ido not pretend, that the confidera- 
_ tions hitherto alledged fhould pafs for demon- 
{trations of the truth of Chriftianity, which is 
to be proved by the excellency of the doctrines 
jt teaches, and that of the rewards it promifes, 
(both which are worthy of God,) and by di- 
vers other arguments, efpecially the divine mi- 
racles, that atteft it: but that, which I was here 
to do, was, not to lay down the grounds, why 
I received the Chriftian religion, but to return 
an anfwer, backed with reafons, to the queftion, 
that was propofed: ‘* whether I did not 
«¢ think, that a Chriftian, to continue fuch, 
«¢ muft deny or lay afide his reafon ?’’? The 
fun of the anfwer is this, that the doctrines 
really propofed by the Chriftian religion, feem- 
ing to me to be by proper arguments fufficient- 
ly proved in their kind, fo as that the proofs 
of it, whether they be demonftrative or no, 
are fufficient, (the nature of the things to be 


proved, confidered) to jultify a rational and 
prudent man’s embracing it; this religion, I 
fay, feeming to me to have fuch pofitive 
proofs for it, I do not think, that the objec- 
tions, that are faid to be drawn from reafon 
againit it, do really prove the belief of it to 
be inconfiftent with right reafon, and do out- 
weigh the arguments alledgable in that reli- 
gion’s behalf. ‘To propofe fome of the gene- 
ral grounds of this anfwer of mine, was the 
defign of the confiderations hitherto difcourfed 
of; which (as I hinted to you at the begin- 
ning) could be no other than general, unlef 
you had mentioned to me fome of your friend’s 
partioular objections, which when he tells you, 
you will perhaps find, ‘that I have already 
given you the grounds of anfwering them. 
And though to propofe arguments to evince 
pofitively the truth of our religion, after the 
example of the excellent Grotius, and fome 
other very learned writers, be not, as you fee, 
either my tafk or my defign; yet if you at- 
tentively confider, whatI write in that fhort 
difcourfe, wherein I manage but that feeming- 
ly popular argument for Chriftianity, that is 
drawn from the miracles, that are faid to atteft 
it, you will perchance be invited to think, 
that when all the other proofs of it are taken 
in, 2 man may, without renouncing or affront- 
ing his reafon, bea Chriftian. | 

But to proceed to the more confiderable 
part of what I prefumed your friend will ob- 
ject, I anfwer, that.the confiderations I have 
alledged in the behalf of fome myfteries of the 
Chriftian religion, will not be equally applica- 
ble to the moft abfurd or unreafonable opinions. 
For thefe confideratians are offered as apologies 
for Chriftian doétrines, but upon two or all of 
thefe three fuppofitions. 
truth of the main religion, of which fuch doc- 
trines make a part, is fo far pofitively proved 
by real and uncontrouled miracles, and_ other 
competent arguments, that nothing, but the 
manifeft and irreconcileable repugnancy of it’s 
doctrines to right reafon, ought to hinder us 
from believing them. The fecond, that divers 
of the things, at which reafonable men are wont 
to take exception, are fuch, as reafon itfelf 
may difcern to be very difficult, or perhaps 
impoffible for us to underftand perfectly by 
our own natural light. And the third, that 
fome things in Chriftianity, which many men 
think contrary to reafon, are, at moft, but 
contrary to it, as it is incompetently informed 
and affifted, but not when it is more fully 
inftructed, and particularly when it is en- 
lightened and affifted by divine revelation. 
And as I think thefe three fuppofitions are 
not juftly applicable, (I fay not, as the objec- 
tion does, to the moft abfurd, or unreafonable 
opinions, but) to any other religion than the. 
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The firft, that the. 


true, which is the Chriftian; fo the laft of 


thefe fuppofitions prompts me to take notice 
to you, that, though we ought to be exceed- 
ing wary, how we admit what pretends to be 
fupernaturally revealed ; yet if it be attended 
with fufficient evidence of its being fo, we do 
very much wrong and prejudice our felves, 
if, out of an unreafanable jealoufy, or to acquire 

er 
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of maintain the repute of being wifer than 
others, we fhut our eyes againft the light it 
offers. For befides that a man may as well 
err, by rejecting, or ignoring the truth, as by 
miftaking a falfhood for it; I confider, that 
chofe men, that have an inftrument of know- 
ledge, which other men ejther have not, or, 
(which is as bad) refufe toemploy, have a ve- 
ry great advantage above others towards the 
acquiring of truth, and with far lefs parts than 
they, may difcover divers things, which the 
others, with all their pride and induftry, fhall 
never attain to. As when Galileo alone a- 
mong the modern aftronomers was matter of 
a teletcope, it was eafy for him to make noble 
difcoveries in heaven of things, to which not 
only Plolomy, Alpbonfus, and Tycho, but even 
his mafters, Aviftarchus Samius and Coperni- 
eus themfelves, never dreamed of, and which 
other aftronomers cannot fee but by making 
ufe of the fame kind of inftrument. And on 
this occafion let me carry the comparifon, fug- 
gefted by the telefcope, a little further, and 
take notice, that if men having heard, that 
there were four planets moving about Fupiter, 
and that Venus 1s an opacous body, and fome- 
times horned like the moon, had refolved to 
examine thefe things by their naked eyes, as by 
the proper organs of fight, without employing 
the telefcope, by which they might fufpect, 
that Galileo might put fome optical delufion 
upon them; they would perhaps have affem- 
bled in great multitudes to gaze at Venus and 
Supiter, that (fince plus vident oculi quam octlus) 
the number of eyes might make amends for 
their dimnefs. This attempt not fucceeding, 
they would perhaps choofe out fome of the 
youngeft and fharpeft fighted men, that by 
their piercing eyes, that may be difcovered, 
which ordinary ones could not reach. And 
this expedient not fucceeding neither, they 
would: perhaps-diet their ftar-gazers, and pre- 
{cribe them the inward ule of fennel, and eye- 
bright, and externally apply collyriums and 
eye-waters, and: thofe to as little purpofe as 
the reft. With fuch a pity, mixed with in- 
dignation, as Gelileo would probably have 
looked: on- fuch vain and fruitlefs attempts 


The CONCLUSION. 


with, may a judicious Chriftian, that upon a 
due examination admits the truth of the fcrip- 
tures, look upon the prefumptuous and vain 
endeavours of thofe men, who, by the good- 
nefs of their natural parts, or by the improve- 
ments of them, or by the number of thofe, 
that confpire in the fame fearch, think, with 
the bare eye of reafon to make as great difco- 
veries of heavenly truths, as a perfon affifted 
by the revelations,* contained in the fcripture, 
can with great eafe and fatisfactorinefs attain. 
To which let me add this further improvement 
of the comparifon, that as a fkilful aftronomer 
will indeed, firft feverely examine, whether 
the telefcope be an inftrument fit to be trufted 
and not likely to impofe upon him;.- but being 
once refolved of that, will confidently believe 
the difcoveries it makes him, however contra- 
ry to the received theories of the celeftial bo- 


. dies, and to what he himfelf believed before, 


and would ftill, ifthe telefcope did not other- 
wife inform him, continue to believe; fo a 
well qualified inquirer into regions, though he 
will be very wary, upon what terms he admits 
{cripture, yet if he once be fully fatisfied, that 
he ought to admit it, he will not fcruple to re- 
ceive upon its authority, whatever fupernatural 
truths it clearly difelofes to him; though per- 
haps, contrary to the opinions he formerly 
held, and which, ifthe fcripture did not teach. 
him otherwife, he would yet affentto. And:as 
the galaxy, and other whitifh parts of the fky, 
were by 4ritotle and his followers, and many 
other philofophers, who looked on them only, 
with their naked eyes, for many ages reputed. 
to be but meteors ; but to thofe, that look on 
them with.an eye affifted by the telefcope, they 
plainly appear true conftellations made up of a 
multitude of bright, though little, ftars; fo 
there are theological doétrines, which to philo- 
fophers, and others, that look on them with the 
naked eye of natural reafon, feem to be but 
light and: fantaftical things; which yet, when 
reafon, affifted and. heightened by: revelation, 
comes to contemplate, it manifeftly fees them 
to be true and celeftial lights, which only their 
fublimity keeps. concealed from our weak, 
(naked) eyes, 
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HILST the Confiderations about 

Religion and Reafon, (to which the 

following effay is annexed) were not 

yet cofne from the prefs, the learned publifher 
of them falling one day into difcourfe with me 
about the defign they aimed at, and fome of 
the points they treated of, and particularly the 
refurrection ; our difcourfe occafioned my let- 
ting him know, that I had long fince had 
thoughts, and perhaps imparted fome of them 
to my friends, about fuch fubjects ; and that in 
particular about the refurreCtion I had yet by 
me a manufcript, wherein divers years ago I 
had endeavoured to fhew, that the philofo- 
phical difficulties, urged againft the poffibility 
of the refurreétion, were nothing near fo in- 
fuperable, as they are by fome pretended, and 
by others granted to be. Upon this notice, 
the curiofity he expreffed to fee this effay, en- 
gaged me quickly to bring ithim; though my 
being ready to go from London made me do 
it without ftaying to look it over my felf; 
much lefs, to add what fince occurred to me a- 
‘bout the chings treated of init. But notwith- 
ftanding its imperfections, and my unwilling- 
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nefs to let it go abroad ; efpecially without fome 
papers, that fhould have preceded it, the learn- 
ed perufer would not be denied leave to fend 
it, in my abfence, unaltered to the prefs, and 
join it to the tract he expected thence; pofi- 
tively affirming, that I ought no longer to 
{tifle a difcourfe, that he judged very feafona- 
ble, and thought likely to do good. In which 
conjecture, if he do not prove miftaken, I hope 
fome more ingenious than religious men, fee- 
ing what can be eafily faid by fo incompetent 
a pen as mine, for one of the moft oppofed 
doétrines: of Chriftianity, will hereby be made 
lefs forward to condemn all thofe for deferters 
of reafon, that fubmit to revelation. And I 
fhall hope too, on the other fide, that fome 
more religious, than, in this matter, well-in- 
formed men, will be induced to think, that 
what they call the new a may fur- 
nifh us with fome new weapons for the defence 
of our ancienteft creed ; and that corpufcula- 
rian principles may not only be admitted with- 
- Epicurean errors, but be employed againft 
them. 
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Some Phyfico-Theological Confiderations about 


SOME 


Phyfico-Theological CONSIDERATIONS, &e. 


HE queftion about which miy thoughts 

are defired being this; ‘* whether to 

‘© believe the refurrection of the dead, 

«¢ which the Chriftian religion teaches, be not 
“° to believe an impoffibility ? I fhall, before I 
proceed any farther, crave leave to ftate the 


queftion fomewhat more clearly and diftinctly ; 


that, being freed from ambiguities, you may 
the better know in what fenfe I underftand it 
In my anfwer; in the returning whereof, your 
friend need not defire me to infift but upon my 
own thoughts, unlefs he could do me the fa- 
vour to direét me to fome author, which I 
have not yet feen, that has exprefly treated, 
upon philofophical grounds, of the queftion he 
propofes. 

First then I take it for granted, that he 
does not mean, whether the refurrection is a 
thing knowable, or directly provable by the 
mere light of nature. For, if God had not, 
in the fcripture, pofitively revealed his purpofe 
of raifing the dead, I confefs, I fhould not have 
thought of any fuch thing; neither do I know, 
how to prove that it will be, but by flying, not 
only to the veracity, but the power of God ; 
who having declared, that he will raife the 
dead, and being an almighty agent, I have 
reafon to believe, that he will not fail to per- 
form what he has foretold. 

Nor do I (fecondly) underftand the queftion 
to be, whether the refurrection be poffible to be 
effected by merely phyfical agents and means. 
For that it 1s not to be brought to pafs accord- 
ing to the common courfe of nature, I prefume ; 
after the univerfal experience of many ages, 
which have afforded us no inftances of it. And 
though perhaps in fpeculation it feems not ab- 
folutely repugnant to reafon, that the fcattered 
parts of a dead body might be reconjoined, 
foon after the death of the man; yet I think 
you will eafily grant it to be morally impoffible, 
that this fhould happen to any one perfon, and 
much more, that it may, nay, that it will hap- 
pen to all the perfons of mankind at the world’s 


end: fo that when I treat of the poffibility of 


the general refurrection, I take it for granted, 
that God has been pleafed to promife and de- 
clare, that there fhall be one, and that it fhall 
be effected, not by, or according to the ordi- 
nary courfe of nature, but by his own power. 
On which occafion, I remember, that when 
our Saviour, treating of the refurrection, fi- 
lenced the Sadducees, that denied it, he con- 
joins, as the caufes of their error, the two things 
{ have pointed at in this obfervation, and in the 
firft, that preceeded it: ** Youerr, fays he, 
«< not knowing the fcriptures, nor the power of 
“© God.”” And when an angel would affure 
the bleffed virgin, that fhe fhould bear a 
child without the intervention of a man, 
(which was a cafe fomewhat akin to ours, fince 
it was a production of a human body out of a 
2 


{Mall portion of human fubftance in a fuper- 


“natural way,) he concludes his {peech by telling, 


her, ‘¢ That nothing fhall prove impoffible to 
“© God.” 

In the third place, I fuppofe, that the arti- 
cle of the refurrection, taught by the Cbriftian 
religion, is not here meant by the propofer in 
fuch a latitude, as to comprize all, that any 
particular church or feét of Chriftians, much 
lefs any private doctor or other writer, hath 
taught about the refurreétion ; but only what is 
plainly taught about it in the holy {criptures 
themfelves, And therefore if befides what is 
there fo delivered, the propofer hath met with 
any thing, that he judges to be impoffible in 
it’s own nature, he hath my free confent to 
deal with the authors and abettors of fuch un- 
reafonable opinions, (which I declare my felf 
to be not only unconcerned to defend, but fuf- 
ficiently difpofed to reject,) as rafhneffes un- 
friendly to the growth of Chriftianity. 

4. AND now, that [ may yet further clear 
the way for the difcourfe, that is to follow, and 
obviate fome objections and fcruples, which I 
think it is better feafonably to prevent, than {o- 
lemnly to anfwer; £ fhall defire your leave to 
Jay down in this place a couple of confidera- 
tions ; of which I fhall begin with this, that ic 
as no fuch eafy way, as at firft it feems, to de- 
termine, what 1s abfolutely neceffary and but 
fufficient to make a portion of matter, confi- 
dered at differing times or places, to be fit to 
be reputed the fame body. 

TuaT the generality of men do in vulgar 
{peech allow themfelves a great latitude about 
this affair, will be eafily granted by him, that ob- 
ferves the received forms of fpeaking. ‘Thus 
Rome is faid to be the fame city, though it 
hath been fo often taken and ruined by the 
barbarians and others, that perhaps {carce any 
of the firft houfes have been left ftanding, and 
at leaft very few remain in comparifon of thofe, 
that have been demolifhed, and have had o- 
thess built in their ftead. Thus an univerfity 
is faid to be the fame, though fome colleges 
fall to ruin, and new ones are built; and 
though once in an age all the perfons, thar 
compofed it, deceafe, and are fucceeded by 
others. Thus the Z4ames is faid to be the 
fame river, that it was in the time of our fore- 
fathers, though indeed the water, that now 
runs under London Bridge, is not*the fame, 
that ran there an hour ago, and is quite other 
than that, which will run there an hour hence, 
And fo the flame of a candle is faid to be the 
fame for many hours together, though it in- 
deed be every minute a new body, and the 
kindled particles, that compofe it at any time 
affioned, are continually putting off the form 
of flame, and are repaired by a fucceffion of 
like ones, 


Nor 
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Nor is it by the vulgar only, that the no- 
tion of identity has been uneafy to be pene- 
trated. For it feems, that even the ancient 
philofophcrs have been puzzled about it; wit- 
nefs their difputes, whether the fhip of Ze- 
feus were the fame after it had (like that of Sir 
Francis Drake) been fo patched up from time 
to time to preferve it as a monument, that 
f{carce any plank remained of the former 
fhip, new timber having been fubftituted 
in the place of any part, that in length 
of time rotted. And even in metaphyficks 
themfelves, [think it no eafy tafk to eftablifh a 
true and adequate notion of identity, and 
clearly determine, what is the true principle of 
individuation. And at all this Ido not much 
wonder ; for almoft every man, that thinks, 
conceives in his mind this or that quality or 
relation, or aggregate of qualites, to be that, 
which is effential to fuch a body, and proper to 
give it fucha denomination; whereby it comes 
to pafs, that, as one man chiefly refpects this 
thing, and another that in a body, that bears 
fuch a name; fo one man may eafily look upon 
a body as the fame, becaufe it retains what he 
chiefly confidered in it, whilft another thinks 
it to be changed into anew body, becaufe it 
has loft that, which he thought was the de- 
nominating quality or attribute. Thus philo- 
fophers and phyficians difagree about water 
and ice, fome taking the -latter to be but the 
former difguifed, becaufe they are both of 
them cold and fimple bodies, and the latter 
eafily reducible to the former, by being freed 
from the exceffive and adventitious degree of 
coldnefs ; whilft others, looking upon fluidity 
as effential to water, think ice upon the fcore 
of itg folidity to-be a diftin¢ct {pecies of bodies. 
And fo Peripateticks and chemifts often dif- 
agree about the afhes and calces of burnt bo- 
dies; the firft referring them to earth, becaufe 
of their permanency and fixedneds, and divers 
of the Spagyrifts, taking them to be bodies 
fui generis, becaufe common afhes ufually con- 
tain a cauftick falt, whereas earth ought to be 
infipid: and the like may be faid of fome 
wood-afhes and lime-ftone, and even coral, 
which, when well calcined and recent, have a 
biting tafte, befides that fome of them, that 
are infipid, may be reduced into metals, as may 
be eafily enough tried in the calces of lead and 
copper. 

Tsese difficulties about the notion of iden- 
tity I have therefore taken notice of, that we 
may not think it ftrange, that among the an- 
cient Hebrews and Greeks, whofe languages 
were fo remote in feveral regards from ours, 
the familiar expreffions employed about the 
famenefs of a body fhould not ‘be fo precife as 
were requifite for their turn, who maintain the 
refurrection in the moft rigid fenfe. And this 
leads me from the firft of my two confidera- 
tions to the fecond. . 

Tat, then, it is not repugnant or un- 
confonant to the holy fcripture, to fuppofe, 
that a comparatively fmall quantity of the mat- 
ter of abody, being encreafed -either by affi- 
milation or other convenient appofition of apt- 

‘Ty difpofed matter, may bear the name of the 


former body, I think I may reafonably gather 


from the three following expreffions, I meet 
with in the Old and New -Teftament. 

For firft, St. Paul in the 15th chapter of 
his firft epittle to the Corinthians, where he 
profeffedly treats of the refurrection, and an- 
iwers this queftion ; ** But fome men will fay, 
“* how are thedead raifed up? and with what bo- 
“dy dothey come?” ver 35: he more than 
once explains the matter by the fimilitude of 
fowing, and tells them, ver 37. ** That which 
“‘thou foweft, thou foweft not that body, that 
‘* fhall be: but bare grain, it may chance of 
“‘ wheat, or of fome other grain. Adding, that 
“* God gives this feed a body as he thoughtfir, 
“‘ to each feed its own body, ver. 38.” Now, 
if we confider the multitude of grains of corn, 
that may ina good foil grow out of one ; info- 
much, that our Saviour {fpeaking, in the para- 
ble de Agro Dominico, of a whole field, tells 
us, that the grain may well bear a hundred for 
one; wecannot but think, that the portion of 
the matter of the feed, that is in each of the 
grains (not to reckon what may be contained 
in the roots, ftalk, and chaff,) muft be very 
{mall. 

I will not now confider, whether this text 
juftifies the fuppofition of a plaftick power in 
fome part of the matter of a deceafed body ; 
whereby, being divinely excited, it may be 
enabled to take to its felf frefh matter, and fo 
fubdue and fafhion it, as thence fufficiently to 
repair or augment itfelf ; though the compa- 
rifon feveral times employed by St. Paul feems 
to favour fuch an hypothefis. .Nor will I ex- 
amine, what may be argued from confidering, 
that leaven, though at firft not differing from 
other dough, is by a light change of qualities, 
that it acquires by time, enabled to work upon 
and ferment a great proportion of other dough. 
‘Nor yet will I here debate, what may be faid 
in favour of this conjecture from thofe chemical 
experiments, by which Kircherus, a Polonian 
phyfician in Quercetanus and others, are af- 
firmed to have, by a gentle heat, been able to 
re-produce, in well-clofed vials, the perfect 
ideas of plants deftroyed by the fre: I will 
not, I fay, in this place enter upon a difquifi- 
tion of any of thefe things, both becaufe I 
want time to go thorough with it, and becaufe, 
the refufcitation, fuppofing the matter of fact, 


‘may give no {mall countenance to our caufe 5 


yet I donot either abfolutely need it, or per- 
haps fully acquiefce in all the circumftances and 
inferences, that feem to belong to it, But one 
thing there is, that I muft not leave unmen- 
tioned in this place ; becaufe I received it, foon 


‘after the trial was made, from two eminent 


perfons cf my acquaintance, men of great ve- 


racity, as well as judgment; whereof one made 


the experiment, and the other faw it made in 
his own garden, where the trier of the expe- 
riment (for he was fo modeft, that he would 
not confefs himfelf to be the author of it,) took 
fome afhes of a plant, juft like our Englifh red 


poppy; and having fowed thefe alkalifate afhes 


in my friend’s garden, they did, fooner than 


‘was expected, produce certain plants larger and 


fairer than any of that kind, that had been 
| feen 
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{een in thofe parts. Which feems to argue, 
chat, in the faline and earthy, 7. e. the fixed par- 
ticles of a vegetable, that has been diffipated 
and deftroyed by the violence of the fire, there 
may remain a plaftick power, inabling them to 
contrive difpofed matter, fo as to re-produce 
fuch a body, as was formerly deftroyed. But 
to this plaftick power, refiding in any portion 
of the deftroyed body itfelf, 1t will not per- 
haps be neceffary to have recourfe; fince an 
external and omnipotent agent can, without it, 
perform all that I need contend for: as I think 
{ might gather from that other expreflion of 
holy fcripture, that I meet with in the fecond 
chapter of Gexefis, where it is faid, ** That 
“© the Lord God caufed a deep fleep to fall up- 
¢ on Adam, and he fept; and he took one of 
«¢ his ribs, and clofed up the flefh inftead 
“© thereof. And the rib, which the Lord God 
¢ had taken from man, made he a woman, 
* and brought her unto the man, ver. 21,22.” 
For, fince it cannot be pretended, that either 
the whole, or any confiderable portion of Eve’s 
body was taken out of 4dam’s, which was de- 
prived but of a rib ; and fince it cannot be pro- 
bably affirmed, that this rib had any fperma- 
tick faculty, both becaufe the text affigns the 
formation of the woman to God, and becaufe 
the feminal principles in animals require the 
commixture of male and female, the latter of 
which the text fuppofes not to have been then 
made ; why may I not conclude, that, if it 
pleafe God, by his immediate operation, to 
take a portion of the matter of a human body, 
and add to it a far greater quantity, either of 
newly created, or of pre-exiftent matter; the 
new body fo framed may, congruoufly enough 
to {cripture-expreffions, be reputed to be made 
of the former body. And accordingly dam 
(ver, 23.) gives the reafon why, he called his 
wife I/ba, which our tranflation renders wo- 
man; becaufe fhe was taken out of J/4, which 
in our verfion is rendered man. 

Tue other text, that I confider, to my pre- 
fent purpofe, is the myftical refurrection de- 
{cribed in Ezekiel’s vifion, where all, that re- 
main of the dead men, that were to rife up an 
army of living men, was a valley full of dry 
bones, which being by the divine Power ap- 
proached to one another, and made to join to- 
gether in a convenient manner, were after- 
wards by the fupernatural appofition of either 
newly created, or extrinfecally fupplied matter, 
furnifhed with finews, (by which I fuppofe is 


meant not only nerves, but vefiels, tendons, 


a“ 


a 


Ver. 7, 8.lioaments, &c.) and fiefh covered with fkins ; 


and laft of all, a vivifying f{pirit was conveyed 


Ver.9,10-into them, that made them ftand upon their 


feet alive, an exceeding great army. Whence 
I gather, that it is not unconfonant to the ex- 
preffions of {cripture, to fay, that a portion of 
the matter of a dead body, being united with 
a far greater portion of matter furnifhed from 
without by God himfelf, and completed into 
a human body, may be reputed the fame man, 
that was dead before. Which may appear, 
both by the tenor of the vifion, and particu- 
larly from the expreffion fet down in the tenth 
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verfe, where God, calling for the enlivening 
{fpirit, names the compleated, but not yet re- 
vived bodies, thefe flain, asif he now counted, 
them the fame, that had formerly been killed. 

Tuese preliminary confiderations being 
thus laid down, we may now proceed to ex- 
amine more clofely thofe difficulties, which are’ 
faid to demonftrate the impoffibility of the re- 
furrection ; the fubftance of which difficulties 
may be comprifed in this objection. 

WHEN a man is once really dead, divers 
of the parts of the body will, according to the 
courfe of nature, refolve themfelves into mul- 
titudes of fteams, that wander to and fro in 
the air; and the remaining parts, that are ei- 
ther liquid or foft, undergo fo great a corrup- 
tion and change, that it is not poffible fo many 
{catered parts fhould be again brought toge- 
ther, and re-united after the fame manner 
wherein they exifted in a human body, whilft 
it was yet alive. And much more impoffible 
It is to effect this re-union, if the body have 
been, as it often happens, devoured by wild 
beafts or fifhes; fince in this cafe, though the 
{cattered particles of the cadaver might be re- 
covered as particles of matter, yet having al- 
ready paffed into the fubftance of other ani- 
mals, they are quite tranfmuted, as being in- 
formed by the new form of the beaft or fifth 
that devoured them, and of which they now 
make a fubftantial part. 

Anp yet far more impoffible will this re- 
dintegration be, if we put the cafe, that the 
dead body be devoured by Canibals; for then 
the fame fiefh belonging fucceffively to two 
differing perfons, it is impoffible that both 
fhould have it reftored to them at once, or that 
any footfteps fhould remain of the relation it 
had to the firft poffeffor. 

In anfwer to this (indeed weighty) objection, 
I have feveral things to offer. 

Ano firft, I confider, that a human body 
is not as a f{tatue of brafs or marble, that may 
continue, as to fenfe, whole ages in a perma- 
nent {tate; but is in a perpetual flux, or chang- 
ing condition, fince it grows in all its parts, 
and all its dimenfions, from a corpufculum, no 
bigger than an infect, to the full ftature of 
man ; which in many perfons, that are tall and 
fat, may amount to a vaft bulk, which could 
not happen but by a conftant appofition and 
affimilation of new parts to the primitive ones 
of the little embryo; and fince men, as other 
animals, grow but to acertain pitch, and till 
a certain age, (unlefs perhaps it be the croco- 
dile, which fome affirm to grow always till 
death,) and therefore muft difcharge a great 
part of what they eat and drink by infenfible 
tran{piration, which Sanéforius’s Statical Expe- 
riments, as well as mine, affure me to be fcarce 
credibly great, as to men and fome other ani- 
mals, both hot and cold: it will follow, that, 
in novery great compafs of time, a great part of 
the fubftance of a human body muft be chane- 
ed: and yet it is confiderable, that the bones 
are of a ftable and lafting texture, as I found 
not only by fome chemical trials, but by the 
{culls and bones of men, whom hiftory records 
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to have been killed an exceeding long time 
ago, of which note we may hereafter make 
ufe. 

SECONDLY, I confider, that there is no 
determinate bulk or fize, that is neceflary to 
make a human body pafs for the fame, and 
that a very {mall portion of matter will fome- 
times ferve the turn; as an embryo, for in- 
{tance, in the womb, a new-born babe, a man 
at his full ftature, and a decrepit man of per- 
haps an hundred years old, notwithftanding 
the vaft difference of their fizes, are ftill re- 
puted to be the fame perfon; as is evident, by 
the cuftom of crowning kings and emperors 
in the mother’s belly, and by putting mur- 
derers, &cc. to death in their old age, for crimes 
committed in their youth ; and if a very tall 
and unweildy fat man fhould, as 1t fometimes 
happens, be reduced by a confumption to a 
fkeleton, as they fpeak, yet none would deny, 
that this wafted man were the fame with him, 
that had once fo enormoufly big a body. 

I confider alfo, that a body may either con- 
fift of, or abound with fuch corpufcles, as may 
be varioufly affociated with thofe of other bo- 
dies, and exceedingly difguifed with thofe mix- 
tures, and yet retain their own nature; of this 
we have divers inftances in metalline bodies : 
thus gold, for example, when diffolved in aqua 
regis, paffes for a liquor,.and when dexte- 
roufly coagulated, it appears a falt or vitriol : 
by another operation, I have taken pleafure to 
make it part of the fuel of a flame: being 
dexteroufly conjoined to another mineral, it 
may be reduced to glafs: being well precipi- 
tated with mercury, it makes a glorious tranf- 
parent, powder : being precipitated with fpirit 
of urine, or oil of tartar per deliquium, it makes 
a fulminating calx, that goes off very eafily, 
yet is far ftronger than gun-powder: being 
precipitated with a certain other alkali, the 
fire turns it to a fixed and purple calx. And yet 
in fpite of all thefe, and divers other difguifes, 
the gold retains its nature; as may be evinced 
by chemical operations, efpecially by reduc- 
tions. Mercury alfo is a greater Proteus than 
gold, fometimes putting on the form of a va- 
pour ; fometimes appearing in that of an al- 
moft infipid water; fometimes affuming, in 
that condition, the form of a red powder; 
fometimes that of a white one, and of a yellow 
one, or of a chryftalline falt, of a malleable 
metal; of what not? And yet all: thefe are 
various dreffes of the fame quickfilver, which 
a fkilful artift may eafily make it put off, and 
re-appear in its native fhape. 

Anp though it be true, that inftances of 
the permanence of corpufcles, that pafs under 
fucceffive difguifes, may be much eafier found 
“among metals and minerals, than vegetables 
and animals ; yet there are fome to be met 
with among thefe: for, not to mention Hip- 
pocrates his affirmation about purging a child 
with the milk of an animal, that had taken 
Elaterium, (if I mif-remember not the drug, ) 
not to mention this, I fay; I remember, that 
when I once paffed a {pring in Savoy, I ob- 
ferved, that all the butter, that was made in 
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fome places, tafted fo rank of a certain weed, 
that at that time of the year abounds there in 
the fields, that ic made ftrangers much nau- 
feate the butter, which otherwife was very good. 
If it be confidered, how many, if I may fo 
call them, elaborate alterations the rank cor- 
pufcles of this weed muft have undergone in 
the various digeftions of the cow’s ftomach, 
heart, breafts, &cc. and that afterwards, two 
feparations, at leaft, were iuperadded, the one 
of the cream from the reft of the milk, and 
the other of the unctuous parts of the cream 
from the ferum or butter-milk ; it will fcarce 
be denied, but that vegetable corpufcles may, 
by affociation, pafs through divers difguifes, 
without lofing their nature; efpecially confi- 
dering, that the effential attributes of fuch 
corpufcles may remain undeftroyed, though 
no fenfible quality furvive to make proof of it; 
as in our newly mentioned example the offen- 
five tafte did. And befides what we com- 
monly obferve on the fea-coaft, of the fithy 
tafte of thofe fea-birds, that feed only upon 
fea-fifh, I have purpofely enquired of an ob- 
ferving man, that lived upon a part of the Irifh 
coaft, where the cuftom is to fatten their hogs 
with a fhell-fifh, which that place very much 
abounds with, about the tafte of their pork : 
to which he anfwered me, that the flefh had 
fo ftrong and rank a tafte of the fifh, that 
ftrangers could not endure to eat it. “There 
is a certain fruit in America, very well known 
to our Englifh planters, which many of them 
call the prickle-pear, whofe very red juice 
being eaten with the pulp of the fruit, where- 
of it is a part, doth fo well make its way 
through the divers ftrainers and digeftions of 
the body, that it makes the urine red enough 
to perfuade thofe, that are unacquainted with 
this property, that they pifs blood; as I have 
been feveral times affured by unfufpected eye- 
witneffes, But more odd is that, which is re- 
lated by a learned man, that fpent feveral 
years upon the Dutch and Enghfh plantations 
in the Charibbe-Iflands, who {peaking of a 
fruit, (which I remember I have feen, but had 
not the liberty to make trial of it,) called ja- 
nipa, or junipa, growing in feveral of thofe 
iflands, he tells us, among other things, that 
au temps, &cc. which is, at the feafon, when 
this fruic falls from the tree, the hogs, that 
feed on it, have both their flefh and fat of a 
violent colour, as experience witneffeth, (which 
colour is the fame, that the juice dies ;) and 
the like happens to the flefh of parrots and 
other birds, that feed upon it. I fhall by 
and by give you an inftance of a vegetable 
fubftance, which, though torn in pieces by 
very corrofive liquors, and fo difguifed as to 
leave no fufpicion of what it was, does there- 
by not only lofe its nature, but is in an imme- 
diate capacity of re-appearing cloathed even 
with the fenfible qualities of it, as colour, 
tafte, and finell. 
Havine thus fhewn, that the particles of 
a body may retain their nature under various 
difguifes, I now proceed to add, that they 
may be {tripped of thofe difguifes, or, to {peak 
6X with- 
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without a metaphor, be extricated from thofe 
compofitions, wherein they are difguifed, andthat 
fometimes by iuch ways, as thofe, that are 
itrangers to the nicer operations of nature, 
would never have thought upon, nor will not 
perhaps judge probable, when propofed. It is 
not unknown to expert chemifts, that, in de- 
{pice of all the various fhapes, which that 
Proteus, mercury, may be made to appear in, 
as of a criftalline fublimate, a red precipitate, 
a yellow turbith, a vapor, a clear water, a 
cinaber, &c. a fkilful method of reduétion 
will quickly free it from all, that made it im- 
pofe upon our fenfes, and re-appear in the 
form of plain running mercury, And though 
vitrification be looked upon by chemifts, as 
the ultimate action of the fire, and powerfuleft 
way of making infeparable conjunctions of bo- 
dies; yet even out of glafs of lead, for in- 
{tance, (made of fand, and the afhes of a me- 
tal,) though the tranimutation feems {fo great, 
that the dark and flexible metal is turned into 
avery traiparent and brittle mafs; yet even 
from this have we recovered opacous and mal- 
leable lead. And though there be feveral ways, 
befides precipitations, of divorcing fubftances, 
that feem very ftrctly, if not unfeparably 
united ; (which though I may, perhaps, have 
practifed, it is not now convenient I fhould 
difcourfe of) yet, by precipitation alone, if 
a man have the {kill to choofe proper precipi- 
tants, feveral feparations may not only be 
made, but be eafily and thoroughly made, that 
every one wovld not think of: for, it is not 
neceflary, that in all precipitations, as is ob- 
{erved in moft of the vulgar ones, the precipi- 
tant body {fhould indeed make a feparation of 
the diffolved body from the mafs, or bulk of 
that liquor, or other adjunct, whereto it was 
before united, but fhould not be able to per- 
form this without affociating its own corpufcles 
with thofe of the body it fhould refcue, and 
fo make in fome fenfe a new and further com- 
pofition. For, that fome bodies may precipi- 
tate others, without uniting themfelves with 
them, is eafily proved by the experiment of 
refiners, feparating filver from copper; for, 
the mixture being diffolved in aqua fortis, if 
the folution be afterwards diluted, by adding 
fifteen or twenty times as much common wa- 
ter, and you put into this liquor a copper-plate, 
you fhall quickly fee the filver begin to adhere 
to the plate, not in the form of a calx, as 
when gold is precipitated to make aurum ful- 
tminans, or tin-glafs to make a fine white powder 
for a Fucus, but in the form of a fhining me- 
talline fubftance, that needs no farther reduc- 
tion to be employed as good filver. And by 
a proper precipitant, I remember, I have alfo 
in a trice (perhaps in a minute of an hour) re- 
duced a pretty quantity of well difguifed mer- 
cury into running quickfilver. And if one 
can well appropriate the precipitants to the 
bodies they are to recover, very flight and 
unpromifing agents may perform great matters 
in a fhort time; as you may guefs by the ex- 
periment I lately promifed you: which is this, 
that, if you take a piece of camphire, and 
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let it lie a-while upon oi of vitriol, fhaking 
them now and then, it will be fo corroded by 
the oil, as totally to difappear therein, without 
retaining fo much as its {mell, or any maniteit 
quality, whereby one may fuipect there is 
camphire in that mixture; and yet, that a 
vexetable iubftance, thus fwallowed up, and 
changed by one of the moft fretting and de- 
{troying fubitances, that is yet known in the 
world, fhould not only retain the effential qua- 
lities of its nature, but be reftorable to its ob- 
vious and fenfible ones, in a minute, and that 
by fo unpromiling a medium as common wa- 
ter, you will readily grant, if you pour the 
difflolved camphire into a large proportion of 
that liquor, to whofe upper parts it will imme- 
diately emerge white, brittle, ftrong-fcented, 
and inammable camphire, as before. 

One main confideration I muft add to the 
foregoing ones, namely, that body and body 
being but a parcel, and a parcel of univerfal 
matter mechanically different; either parcel 
may fucceffively put on forms in a way of cir- 
culation, if I may fo ipeak, till it return to 
the form, whence the reckoning was be- 
gun, having only its mechanical affections 
altered. 

TuHaT all bodies agree in one common 
matter, the {chools themfelves teach, making 
what they call the materia prima to be the 
common bafis of them all, and their {pecifick 
differences to {pring from their particular forms : 
and fince the true notion of body confifts either 
alone in its extenfion, or in that, and impene- 
trability together, it will follow, that the dif- 
ferences, which make the varieties of bodies 
we fee, muft not proceed from the nature of 
matter, of which, as fuch, we have but one 
uniform conception ; but from certain attri- 
butes ; fuch as motion, fize, pofition, &c. 
that we are wont to call mechanical affections. 
To this it will be congruous, that a determi- 
nate portion of matter being given, if we fup- 
pofe, that an intelligent and otherwife duly 
qualified agent do watch this portion of matter 
in its whole progrefs, through the various 
forms it is made to put on, till it come to the 
end of its courfe, or feries of changes; if, I 
fay, we fuppofe this, and withal, that this in- 
telligent agent lay hold of this portion of mat- 
ter cloathed in its ultimate form, and extri- 
cating it from any other parcels of matter, 
wherewith it may be mingled, make it ex- 
change its laft mechanical affections for thofe, 
which it had, when the agent firft began to 
watch it; in fuch cafe, I fay, this portion of 
matter, how many changes and difguifes foever 
it may have undergone in the mean time, will 
return to be what it was; and if it were before 
part of another body to be re-produced, it 
will become capable of having the fame rela- 
tion to it, that formerly it had. 

To explain my meaning by a grofs example ;. 
fuppofe a man cut a large globe, or fphere, 
of foft wax, in two equal parts or hemifpheres, 
and of the one make cones, cylinders, rings, 
fcrews, &c. and kneading the other with 
dough, make an appearance of pie-cruft, cakes, 
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vermicelli, {as the Italians call pafte, fqueezed 
through a perforated plate into the form of 
little worms,) wafers, bifkets, &c. it 1s plain, 
that a man may by diffolution, and other ways, 
{eparate the wax from the dough or pafte, and 
reduce it in a mould to the {felf-fame hemi- 
{phere of wax it was before, and fo he may de- 
ttroy all, that made the other part of the wax 
pafs for feveral bodies, as cones, or cylinders, 
or rings, &c. and may reduce it in a mould 
to one diftinct femi-globe, fit to be re-conjoined 
to the other, and fo to re-compofe fuch a {phere 
of wax, as they conftituted, before the bifection 
was made. And to give you an example to 
the fame purpofe, in a cafe, that feems much 
more difficult; if you look upon pri¢ipitate, 
carefully made per fe, you would think, that 
art has made a body extremely different from 
the common mercury; this being confiftent 
like a powder, very red in colour, and purga- 
tive, and for the moft part vomitive in opera- 
tion, though you give but four or five grains 
of it; and yet, if you but prefs this powder 
with a due heat, by putting the component 
particles into a new and fit motion, you may 
re-unite them together, fo as to re-obtain, or 
re-produce the fame running mercury you 
had, before the precipitate per fe was made 
of it. 

Here I mutt beg your leave to recommend 
more fully to your thoughts that, which, foon 
after the beginning of this difcourfe, I did 
(purpofely) but touch upon, and invite you to 
confider with me, that the Chriftian doctrine 
doth not afcribe the refurre€tion to nature, or 
any created agent, but to the peculiar and im- 
mediate operation of God, who has declared, 
that, before the very laft judgment, he will 
raife the dead. Wherefore, when [I lately 
mentioned fome chemical ways of recovering 
bodies from their various difguifes, I was far 
from any defire it fhould be imagined, that 
fuch ways were the only, or the beit, that can 
poffibly be employed to fuch an end. For, as 
the generality of men, without excepting phi- 
lofophers themfelves, would not have believed 
or thought, that, by eafy chemical ways, bo- 
dies, that are reputed to have paffed into a quite 
other nature, fhould be reduced or reftored to 
their former condition ; fo, till chemiftry, and 
other parts of true natural philofophy, be more 
throughly underftood, and farther promoted, 
it is probable, that we can fcarce now imagine, 
what expedients to re-produce bodies a further 
difcovery of the myfteries of art and nature 
may lead us mortals to. And much lefs can 
our dim and narrow knowledge determine, 
what means, even phyfical ones, the moft wife 
author of nature, and abfolute governor of the 
world, is able to employ to bring the refurrec- 
tion to pafs, fince it is a part of the imperfec- 
tion of inferior natures to have but an imper- 
fect apprehenfion of the powers of one, that is 
incomparably fuperior to them. And even a- 
mong us, a child, though endowed with a rea- 
fonable foul, cannot conceive, how a geometrici- 
an can mealure inacceffible heights and diftances, 
and much lefs how acofinographer can determine 


the whole compafs of the earth and fea, or an 
aftronomer inveftigate, how far it is from hence 
to the moon, and tell many years before, what 
day and hour, and to what degree, fhe will be 
eclipfed. And indeed in the Indies, not only 
children, but rational illiterate men, could not 
perceive, how it was poffible for the Euro- 
peans to converfe with one another by the help 
of a piece of paper, at an hundred miles dit- 
tance, and in a moment produce thunder and 
lightening, and kill men a great way off, as 
they faw gunners and mufketeers do, and 
much lefs foretel an eclipfe of the moon, as 
Columbus did to his great advantage; which 
things made the Indians, even the chiefeft of 
them, look upon the Spaniards, as perfons of a 
more than human nature. Nowamong thofe, 
that have a true notion of a Deity, which is a 
Being both omnipotent and omnifcient; that 
he can do all, and more than all, that is pof- 
fible to be performed by any way of difpofing 
of matter and motion, is a truth, that will be 
readily acknowledged, fince he was able at firft 
to produce the world, and contrive fome part 
of the univerfal matter of it into the bodies of 
the firft man and woman. And that his power 
extends to the re-union of a foul and body, that 
have been feparated by death, we may learn 
from the experiments God has been pleafed to 
give of it both in the Old Teftament and the 
New, efpecially in the raifing again to life La- 
zarus and Chrift; of the latter of which par- 
ticularly, we have proofs cogent enough to fa- 
tisfy any unprejudiced perfon, that defires but 
competent arguments to convince him. And 
that the miraculous power of God will be, as 
well as his veracity is, engaged in raifing up 
the dead, and may fuffice, if it be fo, we may 
not difficultly gather from that excellent admo- 
nition of our Saviour to the Sadducees, where 
he tells them, (as I elfewhere noted) that the 
two caufes of their errors are, their not know- 
ing the fcriptures, wherein God hath declared, 
he will raife the dead ; nor the power of God, 
by which he is able to effect it. But the en- 
gagement of God’s omnipotence is alfo in that 
place clearly intimated by St. Paul, Aé?s xxvi. 
8. where he afks king Agrippa, and his other 
auditors, why they fhould think it a thing not 
to be believed, (daiso,) that God fhould raife the 
dead. And the fame truth is yet more fully 
expreffed by the fame apoftle, where {peaking 
of Chrift returning in the glory and power of 
his father, to judge all mankind, after he has 
faid, that this divine judge fhall transform, or 
transfigure (placxnpelligew) our vie bodies ({peak- 
ing of his own, and thofe of other faints,) to 
fubjoin the account on which this fhall be done, 
he adds, ** That it will be according to the 
‘© powerful working, (ieyeav) whereby he is 
‘¢ able even to fubdue all things to himfelf, 
“Phil. iii. 21.” 

Anp now, it will be feafonable to apply, 
what has been delivered in the whole pait dif- 
courfe, to our prefent purpole. 

Since then a human body is not fo con- 
fined to a determinate bulk, but that the fame 
foul, being united to a portion of duly orga- 
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nized matter, is faid to conftitute the fame 
man, notwithftanding the vaft differences of 
bignefs, that there may be, at feveral times, be- 
tween the portions of matter, whereto the hu- 
man foul is united : 

Since a confiderable part of the human 
body confifts of bones, which are bodies of a 
very determinate nature, and not apt to be de- 
ftroyed by the operation, either of earth or 
fire : 

Since, of the lefs ftable, and efpecially the 
fluid parts of a human body, there is a far 
greater expence made by infenfible tranfpi- 
ration, than even philofophers would ima- 
gine : 

Since the {mall particles of a refolved body 
may retain their own nature, under various al- 
terations and difguites, of which it is poffible 
they may be afterwards {tripped : 

SINCE, without making a human body 


ceafe to be the fame, it may be repaired and 


augmented by the adaptation of congruouf- 
ly difpofed matter to that, which pre-exifted 
in it: 

Since, I fay, thefe things are fo, why 
fhould it be impoffible, that a moft intelligent 
agent, whofe omnipotency extends to all that 
is not truly contradictory to the nature of 
things, or to his own, fhould be able {fo to or- 
der and watch the particles of a human body, 
as, that partly of thofe, that remain in the 
bones, and partly of thofe, that copioufly fly 
away by infenfible tran{piration, and partly of 
thofe, that are otherwife difpofed of upon their 
refolution, a competent number may be pre- 
ferved or retrieved? fo, that ftripping them of 
their difguifes, or extricating them from other 
parts of matter, to which they may happen to 
be conjoined, he may re-unite them betwixt 
themfelves, and, if need be, with particles of 
matter fit to be contexed with them, and there- 
by reftore or reproduce a body ; which, being 
united with the former foul, may, in a fenfe 
confonant to the expreffions of fcripture, re- 
compofe the fame man, whofe foul and body 
were formerly disjoined by death. 

Wuat has been hitherto difcourfed, fup- 
pofes the doétrine of the refurrection to be 
taken in a more {trict and litteral fenfe, becaufe 
Y would fhew, that, even according to that, 
the difficulties of anfwering what is mentioned 
againit the poffibility of it, are not infuperable ; 
though I am not ignorant, that it would much 
facilitate the defence and explication of fo ab- 
ftrufe a thing, if their opinion be admitted, 
that allow themfelves a greater latitude, in ex- 
pounding the article of the refurrection, as if 
the fubftance of it were, that, inregard the 
human foul is the form of man, fo that what- 
ever duly organized portion of matter It is 
united to, it therewith conftitutes the fame 
man, the import of the refurrection 1s fulfilled in 
this; that, after death there fhall be another ftate, 
wherein the foul fhall no longer perfevere in its 
feparate condition, or, as it were, widowhood, 
but fhall be again united, not to an aetherial, 
or the like fluid matter, but to fuch a fubftance 
as may, with tolerable propriety of fpech, 
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notwithi{tanding its differences from our houfes 


of clay, (as the fcripture fpeaks) be called a Jub iv. tc. 


human body. 

THey, that affent to what has been hitherto 
difcourfed of the poffibility of the refurrection 
of the fame bodies, will, I prefume, be much 
more eafily induced to admit the poffibility of 
the qualifications the Chriftian religion afcribes 
to the glorified bodies of the raifed faints. 
For, fuppofing the truth of the hiftory of the 
fcriptures, we may obferve, that the power of 
God has already extended itfelf to the per- 
formance of fuch things, as import as much as 
we need infer, fometimes by fufpending the 
natural a¢ctings of bodies upon one another, 
and fometimes by endowing human and other 
bodies with preternatural qualities. And in- 
deed lightnefs, or rather agility, indifferent to 
gravity and levity, incorruption, tranfparency 
and opacity, figure, colour, &c. being but me- 
chanical affections of matter, 1t cannot be in- 
credible, that the moft free and powerful au- 
thor of thofe laws of nature, according to 
which, all the phanomena of qualities are re- 
culated, may (as he thinks fit) introduce, efta- 
blifh, or change them in any affigned portion 
of matter, and confequently in that, whereof 
a human body confifts. Thus, though iron 
be a body above eight times heavier, bulk for 
bulk, than water, yet, in the cafe of Eli/ba’s 
helve, its native gravity was rendered ineffec- 
tual, and it emerged from the bottom to the 
top of the water : and the gravitation of St. Pe- 
ter’s body was fufpended, whilft his mafter 
commanded him, and by that command en- 
abled him to come to him walking on the fea. 
Thus the operation of the activeft body in na- 
ture, flame, was fufpended in Nebuchadnezzar’s 
fiery furnace, whilft Daniel’s three companions 
walked unharmed in thofe flames, that, in a 
trice, confumed the kindlers of them. Thus 
did the Ifraelites manna, which was of fo pe- 
rifhable a nature, that it would corrupt in little 
above a day, when gathered in any day of the 
week but that, which preceded the fabbath, 
keep good twice as long, and, when laid up 
before the ark for a memorial, would laft whole 
ages uncorrupted. And to add a proof, that 
comes more directly home to our purpofe, the 
body of our Saviour, after his refurrection, 
though it retained the very impreffions, that 
the nails of the crofs had made in his hands 
and feet, and the wound, that the {pear had 
made in his fide, and was {till called in the 
{cripture his body, as indeed it was, and more 
fo, than, according to our paft difcourfe, it is 
neceflary, that every body fhould be, that is re- 
joined to the foul in the refurrection: and yet 
this glorified body had the fame qualifications, 
that are promifed to the faints in their ftate of 
clory ; St. Paul informing us, * That our vile 
‘© bodies fhall be transformed into the like- 
“ nefs of his glorious body,”’ which the hi- 
{tory of the gofpel affures us, was endowed 
with far nobler qualities than before its death. 
And whereas the apoftle adds, as we formerly 
noted, that this great change of fchematifm, 
in the faints bodies, will be effected by the 
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the Poflibility of the RESURRECTION. e4e 


irrefiftible power of Chrift, we fhall not much vantageous changes fuch an agent as God can 
fcruple at the admiffion of fuch an effect from work, by changing the texture of a portion of 
fuch an agent, if we confider, how much the matter, if he but obferve, what happens mere- 
bare, flight, mechanical alteration of the tex- ly upon the account of fuch a mechanical 
ture of a body, may change its fenfible quali-- change in the lighting of a candle, that’ is 
ties for the better. For, without any vifible - newly ‘blown out, by ‘the applying another 
additament, I have feveral times changed dark to the afcending fmoke. For, in the twink- 
and opacous lead into finely coloured tranfpa- ling of an eye,: an opacous, dark, languid 
rent and fpecifically lighter glafs. And there and ftinking fmoke lofes all its ftink, and is 
is another inftance, which, though becaufe of changed into. a moft ative penetrant and 
its obvioufnefs it is lefs heeded, is yet more ‘fhining body. | - | 
confiderable : for who will diftruft, what ad- 
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- CONCERNING THE 

BLADDERS of AIR, that are found in FISHES, 
Communicated by 4 7. 


And. illuftrated by an EXPERIMEN T. 


Firft publifhed in the Pxmosopuica. iT RANSACTIONS, N°. CXIV. 
p- 310, for May 24, 1675. 


ther liquids gravitate upon bodies im- 

merfed or not? I came to a refolution 
in my own thoughts, that they do gravitate ; 
and one of the greateft inftances, that did oc- 
cur to me was, that a bubble of air, rifing 
from the bottom, does dilate itfelf all the way 
to the top ; which is caufed by the leffening of 
the weight or preffure of the incugabent water, 
the nearer it is to the top. Uppn eonfideration 
of that inftance, the following gonjectuse pre- 
fented itfelfto my thoughts; that fifhes, by 
reafon of the bladder of air, that is within them, 
can fuftain or keep themfelyes in any depth 
of water. For the air in that bladder is like 
the bubble, more or lefs compreffed, accord- 
ing to the depth the fifh fwims at, and takes 
up more or lefs fpace; and confequently the 
body of the fifth, part of whofe bulk this blad- 
der is, is greater or lefs according to the feveral 
depths, and yet retains the fame weight. The 
rule de infidentibus bumido is, that a body, 
that is heavier than fo much water, as is equal 
in quantity to the bulk of it, will fink ; a body, 
that is lighter, will fwim; a body of equal 
weight will reft in any part of the water. 

Now by this rule, if the fifh in the middle 
region of the water be of equal weight to the 
water, that is, commenfurate to the bulk of it, 
the fifh will reft there without any tendency 
upwards or downwards: and if the fifh be 
deeper in the water, the bulk of the fith be- 
coming lefs by the compreffion of the bladder, 
and yet retaining the fame weight, it will fink 
and reft at the bottom: and on the other fide, 
if the fifh be higher than that middle region, 
the air dilating it felf, and the bulk of the fifh 
confequently encreafing, but not the weight, 
the fifh will rife upwards, and reft at the top 
of the water. 

Peruaps the fifth by fome action can emir 
air out of this bladder, and afterwards out of 
its body, and alfo, when there ts not enough, 
take in air and convey it to this bladder; and 


R ite: ta ING on that queftion, whe- 


then it will not be wondered, that there fhould 
be always a fit proportion of air in the bodies 
of all fifhes, to ferve their ufe, according to 
the depth of water they are bred and live in: 
perhaps by fome mufcle the fifth can contract 
this bladder beyond the preffure of the weight 
of water : perhaps the fifh can by its fides, or 
fome other defence, keep off the preffure of the 
water, and give the air leave to dilate irfelf. 
Jn thefe cafes the fith will be helped in all in- 
termediate diftances, and may rife or fink from 
any region of the water without moving one 
finn. 

Ir were worth abferving, what fifhes want 
bladders, and if the bladders of feveral fifhes 
are not of different fhapes or bignefs, and how 
they are in fea-fifhes, that live in great depths, 
and whether any amphibious creatures have 
them, or any thing analogous ; as the lungs 
may be, or other cavities. By an inquiry into 
thefe, and other particulars, this conjecture 
may be either fortified or refuted. 

[So far this conjecture: in reference to which, 
when it was propounded to the honourable 
Robert Boyle, he, reflecting upon the manner 
how a fifh comes to rife or fink in water, foon 
bethought himfelf of an experiment probably to 
determine, whether a fifh makes thofe motions 
by conftricting or expanding himfelf ? the ex- 
periment by him fuggefted was; to take a bolt- 
head with a wide neck, and having filled it 
almoft full with water, to pyt into it fome live 
fith of a convenient fize, that is, the biggeft, 
that can be got in, as a roch, perch, or the 
like ; and then to draw out the neck of the 
bolthead as flender as you can; and to fill 
that alfo with water: whereupon the fifh lying 
at a certain depth in the water of the glafs, if 
upon his finking you perceive the water at the 
flender top does fubfide, you may infer, he 
contracts himfelf, and if, upon his rifing, the 
water be alfo raifed, you may conclude, he 
dilates himfelf.] 
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Firft publiflied in the PuitdsovuicaL Transactions, N°. OXY, 
ips 329, for Fume 21, 1675; 


SECION. I. 


Shewing the occafion of making this now effay- 
' inftrument, together with the bhydtoftatical 
: principles it is founded on. 


time to do, of the inftrument; which 
you faw tried at the Royal Society, I fhall in- 
form you, on what grounds J devifed it, and 
then annex fome obfervations about the fabrick 
and the ufes of it. 
_ You may remember, that many years ago 
I fhewed you a little glafs-inftrument, confift- 
ing of a bubble, furnifhed with a long and 
flender ftem, which was to be put into feveral 
Hquors, to compare and eftimate their fpecifick 
gravities, and which I made ufe of to fome 
purpofes, for which it is not, that I know, as 
yetemployed. Bur afterwards confiderng this 
Fittle inftrument fomewhat more attentively, 1 
thought the application of it might eafily be; 
as it were, inverted, arid that, whereas it was 
employed but ta difcover the differing. gravittes 
of feveral liquors, by its various degrees of 
imimerfion in them, 1¢ might be employed to 
difcover the fpecifick gravittes of feveral ap- 
pended folids, by its being tnore or leis de- 
prefied by them in the fame hquor. For it is 
clearly detucible from the grounds of the hy- 
droftaticks, thar any folid bady, heavier than 
water, loofes in the water as much of the weight 
i¢ had in the air, as water of equal bulk to the 
immerfed folid would weigh m the air; and 
confequently, fince: gold is by far the moft 
ponderous of metals, a piece of gold, and: one 
of equal weight of copper, brafs, or any other 
metal, beige propofed, the gold muft be lefs 
in bulk, than the copper ar bras. And by 
this means,. if both of them: lhe weighed. in. the 
water, the gold muft loaf: in that liquor’ lefs 
of its. former.weight than. tle-brafs or copper 5 
becaufe the bafer metal, as well as the. gold, 
grows higher by the weight of a bulla of water 
equak to-it., and the bafer metal being the 
more. voluminous, the com t water 
suit weigh more than that,, which: isi equal ta 
the: gold. 

Tris. bydrofatical principle may, he evi- 
deutly prowed: fram: wit. has beem demon- 
firated int. mathematical. way, by the moft 
falstile: Anchinnedes de infidentidus bugnido, and 
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O give you now a more explicite and 
particular account, than I had then 


his cérmmientators; and thole, that are either 
unacquainted with, or diftruftful of fuch ratio- 
Cinations; may find the principle made out in 
a phyfical and experimental way in another 

Whence I concluded, that I might 


a 
fafely infer, that the floating inftrument abovestadox. 


mientioned would be made to fink deeper by 
an ounce, for inftance, of gold hanging at i¢ 
under water, than by an ounce of brafs or any 
other metal, which by reafon of its greater 
bulk than gold, loofing more of its weight by 
the immerfion, muft neéds retain lefg; and fo 
have lefs power to deprefs the inftroment it 
was faftened to. Which conclufion you will 
eafily believe tlie event did upon trial exactly 
juftity ; and I prefume you will as little doubr, 
that the conclufion will alfo hold (though the 
difparity be not fo great and confpicuous) in 
reference to other metals, as lead and tin, thas 
differ in fpecifick gravity. 

_ To give at once aninftance of the truth and 
ufe of this notion, F was included to ft the 
inftrument, that was grounded on it, for the 
exantihation Of geineas, which are by far the 
moft ufual gold-coins, that pafs in England. 
And though the exactnefs and diligence of our 
ingenious friend Mr. Sing /op allows us to ex- 
pect, that no injury, that care and {kill can 
prevent, fhall be doneto that com; yet becaufe 
fome goldimiths and others retam fears of be- 
me deceived by the fradulent and fubtile arti. 
fices of' falfe coiners, I thought ic might not 
be amifs to furnith them with an eafy and prac- 
tical way of diftinguifhing a true guinea from 
a counterfeit. And though F hope I need not 
tell you, that I look not upon the inftrument I 
fhewed you: at Grefham-College, as capable of 
examining gold and other metals with as much 
nicéety, as by other methods one may hydro- 
fhatically' do ;. yet this little trifle may on fome 
eccafiens be. preferable, fince the inftrument, 
which 18 not dear, being once fitted, there is 
no need to have either exact fcales, or fill in 
hydvoftaticks, or any knowledge of arithme- 
tick, and yet the difference of a true guinea 
from a.counterfeit will noe only be fufficiently, 
but confpiciioufly made to appear, and the 
eperatian will be maucly feoner performed than 
in the other way, and very much fooner and 
cheaper than- by the methods. commonly em- 
ployed by goldfmiths: and- refiners, For, in 
our way the coia isnot defaced or injured by 
cutting, punching, &c. nor is there any ~— 
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of touch-ftones, or aqua-fortis, and yet the 
trial is fo quickly made, that perhaps near 
twenty guineas may be examined, one by one, 
in about a quarter of an hour: I fay, one by 
one, becaufe, that if the inftrument be de- 


figned and. fitted for fuch a purpofe, many. 


guineas may be tried at once. But whether 
the goldfmiths will make ufe of this way, I 
leave them to determine; it being fufficient 
for me, to have gratified fuch virtuofi, efpeci- 
ally the difciples of Vulcan, as have given oc- 
cafion to expect this trifle will be acceptable 
unto them; and to add this inftance to thofe 
I have elfewhere given by way of proof, that 
by the knowledge of caufes men may employ 
exceedingly differing means to produce the fame 
effects (as in our cafe, gold, that chemifts 
and fay-mafters are fain to examine by the fire, 
we examine by water) and, that philofophical 
truths, and particularly hydroftatical ones, are 
not lightly to be defpifed, as airy and empty 
fpeculations, fince they may be fometimes ap- 
plied to practical ufes, to which at firft fight 
they-feem to have no relation at all. 


SECTION. II. 
Defcribing the conftruttion of this inftrument. 


PROCEED now to the conftruction of 
the inftrument itfelf, in which are to be 
confidered the matter and the form. 

THE matter may be glafs, copper, filver, 
or almoft any other folid body, that 1s, or 
may be made, fit to Moat in the water, with a 
euinea hanging at it, and of a texture clofe 
enough to keep out the water. For, if any 
of that fhould, by foaking or otherwife, get 
in, it may alter the gravity of the inftrument, 
and render it deceitful. 

My firft trials were made with bubbles of 
glafs, furnifhed with flender ftems, hermeti- 
cally fealed at the top; and thefe, when one 
can procure an artificer, that can blow them 
well, are both the gentileft and the cheapeft, and 
for fome of the ufes, that may hereafter be 
mentioned, they are almoft the only ones, 
that can be fitly employed. But befides that 
it is not eafy to meet with artificers, that can 
give glafs the right bignefs and fhape, thofe, 
as all other inftruments of glafs, being very 
frail and fubject to be broken; the fafeft way 
and more durable is, to make them of fome 
metal, efpecially either copper or filver, (of 
which the former is far more cheap, and the 
other more gentile, but either will ferve well ;) 
in regard they are lefs heavy, and, being more 
(tiff, will maintain their figure better than gold 
or lead. Copper and filver will alfo fuffer 
themfelves to be beaten into plates thin and 
yet ftrong enough, and are not fo fubject to 
ruft, as iron and fteel. But in fome cafes, efpe- 
cially in want of metal in inftruments, we may 
make ufe of well feafoned wood, laid over with 
fome china varnifh, or fome other, that is very 
clofe. | 
- As to the form of the inftrument, it confifts 
of three parts; the ball or globulous part ; 
the ftem or pipe; and that, which holds the 
coin, . | 


A New Essay INSTRUMENT, 


Tue ball or round part confifts of two thin 
concave plates of copper, or other metal, ex- 
actly fodered together in the middle; and at 
the diftanteft parts from the commiffure there 
ought tobe left two oppofite hoies, one in 
each plate, for. the two other parts of the in- 
ftrument. This middle part, though for bre- 
vity fake we name it the ball, fhould not be 
exactly round, but, for the conveniency of 
{wimming, of an almoft eliptical or oval form, 
or rather fomewhat inclining to that of a very 
deep double convex glats ; or it may be of any 
other fhape, that fhall be found fittteft to make 
the inftrument keep its ereét pofture fteadily in 
the water. The bignefs of it mult be fomewhat 
greater or lefs, as the plate is made thicker or 
thinner. But the general rule for its capacity is, 
that it fhould contain as much air, as may ferve 
to keep the whole inftrument, when furnifhed, 
if need be, with its ballaft and clogged with a 
guinea, from finking beneath the top of the 
ftem, which ftem is the next part to be taken 
notice of. 

Ir the inftrument be to have its ballaft (if 
J may fo call it) within its cavity, it will be con- 
venient, if not neceffary, that it fhould be hol- 
low, like a pipe, exactly clofed at the upper 
end; but where the ballaft is to be placed 
without, the pipe fhould be made folid, as of 
a piece of wire, ora little cylinder of fome 
lighter matter, that will not foak in water : 
but, whether it be hollow or no, it ought to 
be made very flender, that the different de- 
preffions of the inftrument in the water may be 
the more notable. And for the fame reafon it 
ought not to be too fhort, efpecially if it be 
to be applied to other ufes than the examining 
of guineas. 

TuHeE inftrument, I moft ufe merely for 
guineas, hath its ball about the bignefs of a 
{mall hen-egg, or rather lefs, and the pipe be- 
tween four and five inches long, being fodered 
on to the ball at the uppermoft of the two 
holes abovementioned ; at the undermoft of 
which is inferted and fodered the undermoft 
part of the inftrument, which I call the {crew, 
or the ftirrup, becaufe fometimes it is made 
of a piece of wire, that a little beneath the 
bottom of the ball is bent round, fo as to ftand 
horizontally, that the guinea being laid on it, 
it may be fupported by it, as the foot is by a 
ftirrup ; and in this way a piece of coin is the 
moft readily put on and taken off. But the 
more fecure way is, inftead of the bent wire, to 
employ a very fhort piece of brafs with a broad 
flit in it, capable of receiving the edge of the 
guinea, which with one turn or two.of a finall 
and flight lateral {crew may be kept faft in ir, 
and readily, the operation being ended, taken 
out again. 

Ir you defire to examine not only guineas, 
but greater gold coins and metalline muxtures, 
jt would be convenient, that the undermoft ftem 
and the {crew be made by itfelf, that it may 
be at pleafure thruft upon the ftem and taken 
off again. For by this means, if the ball of 
the inftrument be made large. enough, you 
may have room to put on, as occafion fhall 
requixe, one, two, or three flat and round sais 
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oF copper, lead, &c. with each of them a hole 
in the middle, fitted to the fize of the ftem, 
fo that they may be put on as near the lower 
part of the ball, as you think fit, and then the 
{crew may be thruft on after them, not only to 
take hold of the coin or metalline mixture to 
be examined, but to fupport the plate, if need 
be; and by a variety of fuch plates, which 
which may be taken off and put on at pleafure, 
the fame inftrument if (as I was faying) the 
ball be competently large, may be adjufted 
fometimes to a guinea, fometimes to a coin of 
sold or filver, or to a metalline mixture twice 
or thrice as heavy as a guinea in the air. 

Tue inftrument being made of a conve- 
nient bignefs and fhape ; to adjuft it for the 
ufe of examining guineas, you muft by the 
help of the ftirrup or fcrew, hang, at the bot- 
tom of it, a piece of that coin, which you 
know to be genuine, and having carefully 
{topped the orifice of the ftem, if it be a 
pipe, (that no water may get in at it,) 1m- 
merfe the inftrument leifurely and perpendi- 
cularly into a veffel full of clean water, until 
it be depreffed almoft to the top of the ftem, 
and then letting it alone, if being fettled it 
continue in the fame ftation and pofture, your 
work is done, but if it fink quite under water, 
you mutt lighten it either witha file, or by {crap- 
ing or grating off a little of the ballaft-plate above 
mentioned; or, if you have put any weight into 
the cavity to poife it, by taking out fome of 
that, until you have made it light enough: but 
if, when you leave the inftrument to itfelf, it 
emerge, you mutt then add a little weight to 
it, either by putting into the ftem, if it be 
hollow, fome duft-fhot, filings of lead, or 
fome other minute and heavy body, or elfe 
by putting on the fhort ftem abovementioned, 
that comes out beneath the ball, a flat, round, 
and perforated piece of lead, of weight, fuff- 
cient to enable the guinea to deprefs the weight, 
as lowas it is defired : which being done, a mark 
is tobe made juft at the place, where the furface 
of the water touches the ftem, and then taking 
out your inftrument, fubftitute in the place of 
your guinea a little round plate of brafs, of the 
fame weight, or a grain or two heavier, in the 
air; and putting the inftrument into the water 
as before, fuffer it to fettle, and make another 
mark at the interfeétion of the {tem and the 
horizontal furface of the water. 

Asout this way of adjufting our inftrument, 
the following particulars may be noted : 

IF a {crew be employed to fuftain the guinea, 
the coin ought to be fo placed, that one 
half, according to the eftimate of the eye, 
may be on the right hand, and the other on 
the left hand of the {crew ; that the inftrument 
being depreffed may continue in an erected 
pofture, and not {werve to an inclined. 

TroucuH, when the ftem is hollow, and 
the inftrument too light, it may feem the bet- 
ter to add quick-filver than any other weight, 
becaufe of its fuidnefs, and great {pecifick gra- 
vity; yet, unlefs the inftrument be of glafs, it 
is not fafe to employ mercury, becaufe it is apt 
sa diffolve the foder. 

Jr the marks be made of a white colour, 

Vou, II, 


they will be fo much the more confpicuous : 
and thefe miarks may be made, ifthe pipe be hol- , 
low, by making round impreflions with a {mall 
file, and encompaffing them with little circles 
of fine wire of filver, gold, &c. And; if the 
ftem be folid, it may then be either quite per- 
forated at the requifite places, and have the 
holes filled with chawed mattic, or fome fuch 
white fubftance, that diffolves not in water, or 
elfe have little holes, that pierce not quite 
through, ftuck into it; and thefe may likewife 
be filled with the fame fubftance, which, if 
further diftinétion be defired, may have fome 
parts of it differingly coloured, before they 
be employed. 

It will be requifite to employ in adjufting 
the inftrument one of the heavicit guineas you 
can get, to deprefs the inftrument as low as it 
is like to be by any piece of that coin, left 
otherwife meeting with one confiderably hea- 
vier than that you made ufe of, the inftrument 
may be thereby made to fink to the very bottom 
of the water. 

THE reafon why it 1s above prefcribed, that 
the inftrument be immerfed almoft, not quite, 
to the apex of the ftem, is, becaufe I have 
found, that guineas are not all precifely of the 
fame weight, nor all waters neither; and there- 
fore it is fafeft, to leave a {mall part of the 
{tem, as an eighth, or, in longer inftruments, 
a quarter of an inch, extant above the water, 
that we may fecure the inftrument from being 
by a heavier guinea made quite to fink. 

I forefee, it may be hence objected, that 
thefe contingencies may make our inftrument 
ufelefs: to which it is not difficult to anfwer, 
that, though fome guineas weigh a grain or 
two more than others, it is not that will fru- 
{trate the ufe of our inftrument, and lefs will 
the difference of our waters do it, fince (as I 
have obferved in another paper, where I men- 
tion fome trials of this kind) having examined 
and compared together the {pecifick gravities 
of (common) pump-water, Thames-water, and 
rain-water, I found the difference far more 
inconfiderable, than one would have thought, 
and confequently unable to keep hydroftatical 
trials of metals from being accurate enough for 
prattice, and more exact than thofe trouble- 
ome and chargeable ones, that are commonly 
relied on, 

THESE anfwers to the recited objections 
will be made good by this, thatit is nota 
doubtful or inconfiderable difference, that ap- 
pears upon the differing depreffions of the 
inftrument, that are made by a true guinea, 
and by a piece of brafs or of copper, of the 
fame weight with it in the air. For, in the 
inftrument lately defcribed, though {fmaller 
than moft, that [ have employed, the diftance 
betwixt the mark, to which the gold, and that, 
to which the other metal, though copper, de- 
preffed it, was, by meafure, about an inch 
and three quarters; fo, that it is not every 
{mall variation of circumftances, that can make 
it doubtful to him, that employs our inftrument, 
whether a guinea be true or counterfeit. 

Bu rT philofophical candor forbids me to con- 
ceal, that there may, (though it is like there 
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very feldom will,) happen a cafe, wherein, 
though the principle, our inftrument is framed 
on, will hold good, yet the practical appli- 
cation may be unfecure. For, if a falfifier of 
money have the fkill, by wafhing or otherwife, 
to take off much of the quantity or fubftance of 
the guinea, without altering or impairing either 
the figure or the ftamp, the piece of coin will 
not be able to deprefs our inftrument to the 
ufual mark, and may thereby make it be judged 
counterfeit, when it is indeed but too light. 

But on this occafion it is to be confidered, 
that neither the touch-ftone, nor aqua-fortis, 
nor antimony, nor the cupel, can fhew us, 
whether a piece of coin propofed have its juft 
weight, but only, whether the metal be true 
gold; and therefore our inftrument need not 
pretend to do more,than difcover the genuinefs 
of the metal: but whether the coin have the 
juft weight the law requires, is to be judged 
by the balance; as each fingle piece is wont to 
be in moft of the gold coins of Europe, and is 
in England, in reference to angels and twenty- 
fhilling pieces, and all the other coins of broad 
gold, as they are now called. And yet it may be 
further confidered, that our inftrument does 
more than it need pretend to: for, without a 
pair of fcales, it prefently fhews, that the pto- 
pofed guinea, if it be not counterfeit, is other- 
wife abufed; and though it does not clearly 
determine, whether that likewife proceed from 
the want of fpecifick gravity in the metal, or 
from the coins having been wafhed, or other- 
wife fraudulently leffened ; yet it probably 
refolves the doubt, becaufe, if the want of 
weight appear by the inftrument to be very 
great, as it ufually does, where the piece has 
been robbed of fome of its fubftance, (efpeci- 
ally if it be fo much, as is reported, of fome 
guineas, that of late are {aid to have been found 
wanting to the value of near four fhillings ;) 
it is a ftrong prefumption, that it is rather 
wafhed, &c. than counterfeited. For men 
will fcarce venture their lives to fteal but three 
or four grains from a true guinea, and much 
lefs from a falfe one. And they, that counter- 
feit, are not wont to be fo fparing as to make 
their coins too light. However, our inftru- 
ment will in thefe cafes be fure to prompt him, 
that ufes it, to employ the balance, which will 
prefently affift him to refolve his doubt. For, 
if the fufpected coin have in the air its due 
weight, it will argue, that the greateft light- 
refs of it in the water proceeds from the metal’s 
not béing true gold, or, at feaft, of its not 
being of the requifite finenefs ; and, if it want 
much of its due weight in the air, it is very 

bable, for the reafon above-intimated, that 
rt ts wafhed, &c. rather, than of another metal 
than gold; and however may be lawfully re- 
fufed to be taken in payments, and perhaps 
afford a juft ground of queftioning him, that 
uttérs it. And if one would, for curiofity, be 
further fatisfied, whether the metal be gold or 
no, one may add to the coin {as will be here- 
after taught) as much fterling-gold, as will 
make it, in the air, of the weight of a guinea, 
and then examining it by the weighe in the 
water, he will prefenrly difcover, whether it be 
gold or not. 


THERE comes into my thoughts another 
poffible way of counterfeiting guineas; but be- 
caufe it is very likely, that coiners will not 
light upon it, and it cannot be practifed on 
any of the guineas already coined; the fear 
of teaching bad men a {fkill, that probably they 
will not otherwife acquire, makes me forbear 
to mention it, though the fraud may be quickly 
difcovered, fometimes by the bare eye, and 
always by our inftruments and the balance ; 
whereof publick advertifements may be given, 
if there fhall appear need of it. 

Anp now I have this to add about the 
conftruction of this inftrument, that perhaps it 
would not be very difficult to propofe a much 
more accurate and elaborate contrivance, if it 
were thought fit to propound any, that would 
require an extraotdinary flall in the artificer to 
make it, and fome confiderable fkill or dexte- 
rity in the perfon, that is to ufe it: but the 
flight conftruction, hitherto difcribed, feemed 
to fuit better with my principal aim, which 
was, to propofe at prefent an inftrument, as 
fimple, cheap, and eafy, to be employed and 
kept inorder, as I could well examine guineas. 
with; little doubting, but that the principle, 
upon which this is framed, being well under- 
{tood and confidered, will, if it be found ufe- 
ful, be further improved by new applications 
and more artificial contrivances. 


Fxplications of the figures. 


In fig. r. A B, the ftem or pipe. 

C E, the two parts of the bali fodered to- 
gether. 

B CDE, the ball itfelf. 

F, the fcrew. 

G, the ftirrup, fomewhat reprefented out of 
its place. 

H, the mark to which a copper-plate, of 
equal weight in the air with the guinea, de- 
preffes the inftrument. 

I, the mark to which a true guinea finks it. 

Fro. 2, is the fcrew by itfelf, to be put 
upon, or taken from the (fhort) undermoft 
ftem of the inftrument. 

Fro. 3. the perforated plates of lead or 
other metal, to be pur on as ballaft upon the 
undermoft ftem. 

Fic. 4. the undermoft ftem, with a perfo- 
rated ballaft-plate put upon it. 

Fie. 5. the ftirrup, that may be employed 
inftead of a fcrew. 

Fic. 6. ABC, the glafs-inftriment. 

D DD, the coin hanging at the bottom of 
it, and fupported by four horfe-hairs, or flender 
ftrings of filk. ' 

Fic, 7. the undermoft ftem of the elafs- 
inftrument, to which, being ftreight and folid, 
a {crew is faftened on with horfe-hair or other- 
wife. 

Fic. 8. ABCD, the fmall glafs-inftru- 
ment for eftimating the fpecifique gravity of 
liquors, {of which an account may be expected 
in our next.) 

EE, the quick-filver and water, that is em- 
ployed as ballaft to fink it in an erected pofture. 
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together with the Uses thereof. 


SECTION II. 


Reprefenting the ufes of this inftrument, as re- 
lating to metals. 


Ceo is in the nature of the thing fuch 
a connection between the fabrick and ufe 
of our inftrument, that I could not well defcribe 
it without plainly intimating the principal ufes 
of it. Wherefore I fhall here but fummarily 
repeat thofe, that are delivered already, and 
make a more explicit mention of thofe few, 
that have been either omitted, or but lightly 
touched. 


Use I, 


Tue firft ufe, and that, which -was mainly 
intended, is, eafily and cheaply to difcrimi- 
nate true guineas from counterfeit, without 
defacing, or any ways injuring the coin. But 
of this ufe I have fpoken largely enough al- 
ready, and therefore fhall advance to the next. 


Use II. 


Any other kind of gold-coin, that is near 
about the weight of a guinea, may be examined 
by our inftrument after the manner above de- 
livered ; but more eafily, if it want of the 
weight of a guinea, than if it exceed it. For 
in cafe it be heavier, as is a twenty-fhilling 
piece of broad gold, the ballaft, whether in- 
ternal or external, of the inftrument mutt be 
taken off, that fo heavy acoin may not quite fink 
it; whereas, if the coin propofed be lighter 
than a guinea, one may add as much gold (of 
the fame alloy) beaten into thin plates, as, 
with the coin propoféd, will make up in the 
air the weight of a guinea. For then this ag- 
gregate, being examined, as if it were a guinea, 
‘will difcover in the water, whether the coin be 
‘right or counterfeit. I fhall add, that if the 
piece, to be examined, be not much heavier 
than a guinea, it may be convenient to pafs a 
very {mall perforated plate of copper or lead 
over the upper {tem (or pipe,) fo as to make 
it reft upon the ball before the inftrument is 
adjufted. For, by this means, nothing need 
be altered beneath the ball; and fuch pieces of 
metal (of which feveral differingly heavy may 
be eafily provided) being thin and light, will 
*not (as trial has fhewn) make the inftrument 
top heavy, though one of them be placed 
above the center of gravity, and may be very 
readily taken off, and (if need be) fcraped or 
filed to lighten the inftrument, when an extra- 
ordinarily heavy guinea, or a coin fomewhat 
more weighty than a guinea, is to be exa- 
mined, 

But to return to what I was faying about 
-adding a weight of gold to a piece of propofed 
coin ; in order to this ufe it will be neceffary, 
that the flic or aperture at the bottom of the 
inftrument, which is to be fhut and opened by 
the lateral {crew, be made (as it eafily may 
without inconvenience) wide enough to re- 
ceive double the thicknefs of a guinea, that fo 
different coins, as Engli/h, French, Spanijfh, 


&c. and the grain-weights, neceffary to bring 
them to the weight required (in the air,) may 
be fecurely faftened to the inftrument by the 
{crew. 

Ir the ball be large, and the pipe well pro- 
portioned to it, coins, that do not much ex- 
ceed the weight of a guinea, may be examincd 
without much altering the weight of our in- 
ftrument, provided it be at firft adjufted fo, 
as that a guinea will not deprefs it fo far as not 
to leave a confiderable part of the pipe above 
water, that the coin heavier than a guinea 
may not be able to draw it quite under water. 

AccorDiInG to the method above dec- 
{cribed, may half guineas be examined. For, 
if the inftrument be good, it will fhew a ma- 
nifeft difference, if inftead of an entire guinea, 
you faften in the fcrew a half guinea, that you 
know to be true, and that, which is fufpected 
to be counterfeit; adding a grain-weight or 
two of gold, in cafe the propofed coin needs 
it; I fay, a grain-weight of gold, becaufe, if 
it be of brafs, of which the grain-weights, com- 
monly ufed, are made, it will loofe in water 
more than it fhould of the weight it had in the 
air; and therefore it will be ufeful to fuch, as 
intend to try feveral forts of Englifh coins, as 
angels, two and twenty fhilling pieces, double 
guineas, &c. to have by them a numerous fet 


of grains, (about whofe fhape, by the way, 


one need not be curious, that’ not being ma- 
terial) made of a thin plate of fterling gold. 


Use Ii. 
Ir the inftrument be fkilfully fitted for fuch 


a purpofe, it may be made to ferve to examine 
fome forts of white money lefs heavy than half 
crowns. And becaufe it may be ufeful to 
know in general, what coins may, and what 
may not, be examined by this or that parti- 
cular inftrument propofed, I fhall here add a 
general way, that is not difficult for finding 
this out; namely, firft by weighing the piece 
of gold or filver in the air, and afterwards in 
the water, and fubftraéting the latter from the 
former, to obtain the difference of the two 
weights: and next, by weighing alfo in the 
air and in water a piece of copper, or brafs, if 
this be the likelieft to be employed in counter- 
feiting the coin, and obferving likewife the 
difference between thofe weights. For, the 
leffer of thefe differences being fubftra¢ted 
from the greater, the remains will fhew, how 
much the true piece of coin will outweigh the 
other in the water; and confequently if fo 
many grains, as this refidue amounts to, being 
added to the weight of the lighter metal, do 
make a fufficiently manifeft depreffion of it 
below the mark it would ftay at without that 


addition, one may probable conclude, that the 


difference between a true and counterfeit piece 
of coin propofed will be difcoverable by the 

inftrument. | 
Tue cheapnefs of thefe flight inftruments 
being confidered, it may be expedient for gold- 
{miths and others, that have frequent occafions 
to examine various forts of coin, to have a 
feveral inftrument adjufted for each of them, 
2 to 
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to fave themfelves fome pain and trouble. But 
if the ball be made large, and fitted with a 
{tem flender and long’ enough, one may quickly 
by changing, the ballaft-plates, as occafion re- 
quires, fit the fame inftrument to examine 
coins of differing metals, and of very differ- 
ing weights. For one of thefe, made of cop- 
per, ferves me to examine both guineas and 
crown-pieces of filver, and half crowns too ; 
and it may be eafily made to ferve alfo for 
divers foreign coins. 


Use Iv. 


Ir is a great complaint of pewterers, that 
the tin they buy of the miners or merchants, is 
often adulterated with lead, as they find to 
their prejudice, when they have rhade veffels of 
it. And many others, that are buyers, com- 
plain much more of divers pewterers for put- 
ting too much lead into their pewter, becaufe 
lead is by many firhes cheaper than tin. On 
thefe accounts, I fhall add, to the other ufe of 
our inftrument, fomething, that relates to tin 
and pewter. Though I muft take notice, that 
fome tin may perhaps be found a little heavier 
in fpecie than ordinary, although no fraud in- 
tervene ; becaufe I have obferved fomie tin (as 
I elfewhere relate) to contain forte, though 
but a very little, proportion of gold or filver. 
But this being no ufual cafe, 1 fhall proceed to 
fay, that the pewterer may judge, whether the 
miner or merchant have deceived him; if, 
taking a piece of tin, that he knows to be 
pure, and is of a convenient weight, he ob- 
ferves, how much it depreffes the pipe, and 
then makes the like obfervation with an equal 
piece of the tin fufpected to have lead or fome 
other metal in it. For if this depreffes the 
inftrument much lower than the other, it will 
juftify the fufpicion ; fince as gold, being the 
heavieft of metals, cannot be allayed by any 
other, that will not deprefs our inftrument lefs 
than gold can do; fotin, being the lighteft 
of metals, cannot be mixed with any other, 
that will not fink it lower than unmixed tin, 
(ftill fuppofing the weiglits to be the fame in 
the air.) | 

Anp as for the buyers of pewter, it will be 
eafy for them (if they think it worth while) 
to find by our inftrument, if there be too 
much, or but enough of lead mixed with 
the tin in an affigned portion of pewter 
of convenient weight to be examined by it. 
For, having once obferved, how much the 
inftrument is depreffled by a piece of 
two, three, or four drams, or even an ounce 
weight of pewter, which is known to be 
good, and to contain fuch a proportion of 
lead in referencé to the tin, if you load the 
inftrument with an equally heavy piece of any 
other mafs of pewter propounded, if the in- 
ftrument fink deeper, it will be a fign, that 
the former proportion of lead may be very 
probably argued to exceed in the mixture; I 
fay, probably, becaufe perhaps it is poffible 
to embafe pewfer by mixing not only lead, 
but other mineral fubftances, whofe fpecifick 
gravity is not well known: but yet I fay very 
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probably, becaufe the addition of too much 
lead is the moft gainful way of. adulterating 
pewter, /ind the other things, that fome em- 
ploy, as regulus of antimony, tin-glafs, cop- 
per, and fpeltar, are feldom ufed in great 
quantities ; and if I thought it worth the while, 
I could facilitate the difcovery even of thefe 
by adding, what I have obferved of their dif= 
fering fpecifick gravities, and fome other 
things, that I think fitter to be here omitted 
than to have trme and words fpent upon them. 


Use V. 


Tue laft ufe, I fhall now mention of our 
inftrument, in reference to metals, is, that it 
may affift us to eftimate the quality of metal- 
line mixtures, whether in coins or other mafies, 
and to guefs at the proportion of the ingre- 
dients, that compofe them. For, fince we have 
formerly feen, that the fame inftrument; em- 
ployed to examine guineas, ferved alfo for 
crown-pieces of filver, that wanted of an ounce 
lefs than a twentieth part of that weight, it 
will be eafily granted, that the fame inftru- 
ment, and more eafily, that a larger one, may 
be fo fitted, 2s to help goldfmiths, chemnifts, 
and others, that are not acquainted with hy- 
droftaticks, to make fuch an eftimate, as will 
not much deceive them, of the finenefs of gold 
and its differing allays with filver; or fome its 
other determinate metal. 

In order to this, the inftrument may be 
be fitted to fink to the tip of the pipe, with 
fome determinate weight of the fineft gold, 
as of 24 carats, as they call that, which: is 
moft pure and fine. But it will be convenient, 
that this metal in the air be juft an ounce,.or 
half an ounce, or fome fuch determinate 
weight, that is commodioufly divifible inte 
many aliquot parts. ‘Then you may make a 
mixture, that contains a known proportion of 
the metal wherewith you allay the gold; as if 
it hold 19 or 1g parts of gold, and one of 
filver; and, letting the inftrument fettle in 
the water, mark the place, where the furface 
of the water cuts the ftem or pipe. And then 
putting in another mixture, wherein the filver 
has a new and greater proportion to the gold ; 
as if the former be an eighteenth or a four- 
teenth part of the latter, you may obferve, 
how much lefs than before this depreffes the 
inftrument, and fo you may proceed with as 
many mixtures or degrees of allays, as you 
think fit, or can be diftinguifhed conveniently 
on the ftem; being always careful, that, what- 
ever be the proportion of the two ingredients, 
the weight of the mafs in the air be juft the 
fame with that of the pure gold, which we 
have lately fuppofed to be one ounce, or half 
an ounce. 

By the fame method may be examined: the 


differing alloys of pure filver upon the ad- 


mixture of fuch and fuch determinate propor- 
tions of copper, or any other metal, lighter in 
fpecie than filver ; and by the fame way, with 
aflight variation, it will not be difficult to 
eftimate, how much divers coins, whether 
of filver or gold, are more or lefs embafed 
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by the known ignobler metal, that is mixed 
in the piece propofed. 

Awnp though this way of determining the 
alioys of metals, be not fo exact, asis poffible to 
be propofed by the help of hydroftaticks and 
calculation ; yet it may be very ufeful to che- 
mifts, goldfmiths, refiners, and others, that 
are unacquainted with hydroftatical matters, to 
make without trouble or fupputation eftimates, 
that will net much deceive them, and perhaps 
will come nearer the truth, not only than the 
eftimates wont to be made by the touchftone, 
but perhaps too than fome of thofe, that 
divers make with trouble, and inconvenience, 
and chatge. And indeed I was chiefly invited 
to communicate this trifle, and {pend fo many 
words about it, by the requeft of fome inge- 
nious difciples of Vulcan, who thought they 
perceived, that by this way they could often- 
times make better eftimates of the fuccefs of 
their graduating, and fome other operations 
upon metals, than otherwife they fhould be 
able; this way greatly accommodating them 
by this particular advantage, that they may 
from time to time try the degrees of purity, 
and fome other confiderable alterations of their 
mixtures, without at all deftroying or injuring 
them, though they have not yet attained the 
pitch they aim at and expect; whereas, if 
they happen to be too forward, as often they 


are, in examining the productions of their 
labours by the cupel or fevere cementations, 
what they would try may be deftroyed or 
{poiled in its way to a perfection, which other- 
wife, in their opinion, it might in due time 
be brought to. 

PERHAPS it may not be amifs, on this oc- 
cafion, to add, as an improvement of this fifth 
ufe of our inftrument, that it may be employed 
to examine other mixtures befides allayed 
coins, and that if the inftrument be adjutted 
to an ounce, for inftance, of pure copper, it 
may help men to make an eftimate of the 
alloy of tin, or the quantity of it, that is ofter- 
times added to copper, to make differing forts 
of bell-metal, and of thofe metalline {pecula, 
whether plain or concave, that are called fteel 
glaffes, as alfo of foders confifting of certain 
‘proportions of filver and brafs, or copper3 in 
all which, and divers others, the difcovery of 
the proportion of the ingredients may, on 
fome occafions, be ufeful to tradefmen, as well 
as defirable by virtuofi. And though I have 


obferved, that by mixture, tin and copper 
acquire a {pecifick gravity fomewhat differing 
from what their ingredients promife; yet, 
fince the inftrument is to be fitted for fuch 
eftimates, not by calculation, but by trials, 
the eftimates may be made near enough to 
the truth. 


NEW EXPERIMENTS 


ABOUT THE 


Weakened SPRING, and fome unobferved Effects 


of the 


AIR. 


Firft publifhed in the PumosoPuicat Transactions, N°. CXX; 
p. 467, for December 27, 1675, 


— S for the not yet comrhuiiicated 
A trials, that I made in profecuiting 
my:defign of difcovering or ob- 
ferving fome latent qualities of the air, I will 
not deny you fome of them, as imperfeét ds 
yet they are, but will venture to fend them you, 
as My notes or my memory fuggefts them to 
me ; not only, becaufe without being compleat- 
ed they may be fit enough to countenance fuifpi- 
cions (for you know, that I do not call them 
‘fo much as opinions,) but for a weightier in- 
ducement, to be told you at the end of this 
paper. 

THE two chief things aimed at in the im- 
perfect attempts I now fend you, were to dif- 
‘cover; firft, whether, as fome corrofions of 
bodies do in clofe veffels increafe- the {pring 
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of the ait (as [ long fince noted them to do;) 
fo fome other corrofions may not, by a con- 
trary, or fome‘other way; weaken the fpring of 
the ait; and next, whether in fome folutions 
and precipitations the air on the account of 
fome unobferved quality may not be found to 
produce fome phenomena not yet taken no« 
tice of. 

In order to each of thefe inquiries; I fhall 
mention a few trials; though without curioufly 
forting them; becaufe fometimes in the fame 
experiment both thofe atcempts were jointly 
profecuted. . | 

You may remember, that in fome of my 
formerly publifhed trials J acquainted you with 
an odd phenomenon of the change of colour- 
produicible in folutions of copper by the ope- 
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ration of the air: I fhall now add, what fur- 
ther phenomena my memory or notes fupply 
me with, about the fubject of that and the 
like experiments. 


EXPERIMENT I. 


Ww took filings of crude copper, and put 
them into a chryftalline glafs of a co- 


nical fhape, into which we poured fome {trong 
{fpirit of falt, (that was fitted for our peculiar 
purpofe) to the height of about a finger’s 
breadth above the filings ; and then clofing 
the veffel with a glafs-ftopple exquifitely fitted 
to it, we fuffered it to continue unmoved in a 
window for fome days, untill the lquor had 
both obtained a high and darkifh brown colour 
by the folution of fome of the copper, and loft 
that colour again, growing clear ]ike common 
water, (which is itfelf a fomewhat odd pheno- 
menon ;) and then taking out the ftopple, 
(without fhaking the liquor) and thereby giv- 
ing accefs to the outward air, we perceived, 
(as we had conjectured) that the upper furface 
of the liquor did in a few minutes re-acquire 
a darkifh brown colour, which penetrating 
deeper and deeper, at the end of abour a 
quarter of an hour the whole body of the 
liquor appeared to be likewife tinged. The 
conical glafs being again well ftopped, the 
menftruum did again in very few days let 
fall, or otherwife loofe its tincture ; which, the 
{topple being taken out, it re-gained as before. 
Nor were thefe two the only trials I made with 
the like fuccefs for the main; but afterwards 
being defirous by a further trial to refolve a 
doubt I had, I kept the glafs yet longer in the 
fame place with the fame filings and menftruum 
in it for (if I mif-remember not) a month or 
two together; but obferved not, that the 
liquor would any more grow clear. 


EXPERIMENT II. 
He G taken fuch a glafs, as is men- 


tioned in the firft experiment, wherein 
the liquor was grown clearer than is ufual, 
and had probably been fo a good while before 
(for the veffel, having been hid by others, 
which ftood before it, had been for fome 
weeks forgotten ;) we took out the ftopple, and 
left it open for about half an hour, but did 
not perceive the liquor to have acquired any 
colour fo much as at the top. Whether this 
proceeded from the long debarring of commerce 
with the frefh air, or from fome other caufe, 
being unable to wait the event as long as would 
perhaps be requifite, I thought fit to try, whe- 
ther the air had already had fome operation 
upon the liquor, though it did not yet appear ; 
and accordingly putting in the ftopple, I left 
the veffel clofed for two or three hours, and 
at my return to vifit it, I perceived, that it 
had acquired a faint colour tending to a green; 
wherefore taking out the ftopple again, I 
opened its commerce with the outward air, 
leaving the gla‘s unftopped for 20 or 24 hours, 
but found, tnet in all that time it had not re- 
gained its wonted dark colour, but was only 
arrived at a green, deep enough, but not true, 
nor very tran{parent, 


Tuts obfervation being made in the fime 
veffel, that had been formerly employed, fug- 
gef{ted to us an enquiry, Whetner the advanced 
time of the year, which was the middle of 
Oéfober, might not have an ivtereit in the flew 
and imperfect fuccefs of this trial. 


EXPERIMEN T IIL. 
OME ftrong fpirit of falt having been kept. 


upon filings of copper, until the foluticn 
was come to be of a dark brown colour, 2bvut 
three {poonfuls of it by guefs was put into a 
receiver, that might hold eight or ten times as 
much: being kept in vacuo (if the time be 
rightly remembered) about half a year, it 
retained its colour, but the vefiel being opened 
and the external air permitted a free accefs to 
it, the folution in about an hour was turned 
into a fine tranfparent green, theugh no preci- 
pitation of any muddy fubftance appeared by 
any fediment to be made. 


EXPERIMENT IV. 


N one of that fort of conical claffes, that 

has been already more than once deicribed, 
we had put upon fome filings of copper, a con- 
venient quantity of our fpirit of falt; and 
though we obierved, that for a great while 
it would not part with its deep and fomewhat 
muddy tinctrue; yet we left itin the window for 
many weeks longer, and at length, towards 
the Jatter end of December, we found it to have 
loft its tincture, fo much, that the liquor ap- 
peared like common water. Upon which ob- 
fervation, though the time of the year were 
unpromifing, I thought fit to try, whether the 
air in that feafon would not have fome, though 
perhaps but a flow operation on the faline 
{pirit, and accordingly taking out the glafs- 
{topple to give free accefs to the outward air, 
we obferved, that in fome hours its operation 
on the liquor was fcarce fenfible, but within 
about 24 hours the menftruum had acquired 
not juft its former colour, but a fomewhat faint 
and moderately tranfparent green: fo that this 
tincted menftruum, as it had been very flow 
in lofing its colour, fo it did but flowly and 
imperfectly re-acquire it, 


¢¢ W HAVE not in the foregoing experiments 
made mention of any phzenomena of 
<¢ them relating to the Spring of the included 
«¢ Air, becaufe I do not remember, that they 
«¢ were fuch,as invited me to draw any pofitive 
“© conclufion from them, and my filence on 
«© this occafion may be the more allowable, 
<¢ becaufe the way of further making fuch ob- 
<¢ fervations may be fufficiently deduced from 
‘¢ the enfuing trials; in reciting of which I 
<< alter very little, and in fome of them not at 
<< all, the expreffions I find them regiftered 
‘¢ in, though more than once the phenomena, 
“‘ that relate to the air’s elaftic power, be 
‘¢ mingled in the fame experiment with the 
‘¢ mention of its operations upon colours, 

“© Tue fpring of the air and its variations, 
“¢ by the ways now known to many of the cu- 
‘¢ rious, being things, that manifeftly appear 
«¢ to have a notable intereft in divers phzeno- 
2 ~ mena 


See the 
reference 
in the 
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mena of nature, whofe caufes, if not them- 
felves alfo, were unknown to former philo- 
fophers ; it feemed an attempt, though not 
“ very promifing, yet worth the making, to 
try, whether the tpring of the air, which may 
divers ways, as by heat, compreffion, &c. 
be increafed, may not by fome other way 
than cold and dilatation be weakened: and 
« having often found menftrums, that corrode 
metals, fo as to produce bubbles to invi- 
gorate the ftrength of the {pring of the air 
included in the veffels, wherein the folution 
was made, I thought fit to try, whether in 
fome metalline diffolutions, wherein I had 
obferved, that few or no vifible bubbles at 
all were produced, the fpring of the neigh- 
bouring and included air would not be de- 
bilitated ; and in order to this were made 
the following trials.” 


EXPERIMENT VV. 
[W: took fome filings of copper, and put- 


ting them together with a mercurial 
gage * in a conical glafs fitted with an exaétly 
ground-itopple of the fame matter, (which was 
chryftalline) we poured on the filings, as much 
rectified {pirit of fermented urine made per /e, as 
fufficed to fwim an inch or better above them ; 
then carefully {topping the glafs, coming to look 
on it many hours after, we perceived, that the 
mercury in the fealed leg was confiderably de- 
preffed, and gently drawing out the ftopple to 
Jet in the outward air, we perceived that accefs 
to have a manifeft effect upon the mercury.] 
But this will be better underftood by the 
more circumftantial experiment, that enfues. 


EFXPERIMENT VIL. 


[W* took a cryftal glafs of an almoft co- 
nical fhape, and capable of contain- 


ing between five and fix ounces of water, and 
furnifhed with a {topple of the fame matter, 
that by grinding was exactly fitted to it. Into 
this we put a convenient quantity of clean filings 
of good copper, on which we poured as much 
ftrong fpirit of (fermented, or rather, putri- 
fied urine, as ferved to fwim about an inch 
above the copper, and having let down a mer- 
curial gage, fo that it leaned upon the bottom 
and fide of the glafs, we clofed it very well 


foregoing With a ftopple, and fet it in a quiet and well 


experi- 
ment. 


enlightened place, having taken good notice 
at what mark the quickfilver refted in the open 
leg of the gage. This done, we let the men- 
{trum alone to work upon the filings; which it 
dic, as we forefaw, fomewhat flowly and very 
calmly, without producing any noife or fen- 
fible bubbles, acquiring by degrees a very plea- 
fant blue colour, and the glafs being kept quiet 
in the fame place for two or three days longer, 
the liquor, as I conjectured would happen, 
began to lofe of the intenfnefs of its colour, 
which by degrees grew fainter and fainter, un- 
til at the end of three or four days the liquor 
was grown very pale, and left me little doubt 
but that, if I would have ftaid fome days 
longer, it would have loft the remaining eye 
of blue, and have looked almoft like common 


water. But being unwilling to tarry fo long, 
I took out the ftopple, that the air without the 
glafs might have accefs to that within; and 
leaving the vial in the fame place and pofture, 
my expectation was fomewhat anfwered by 
finding, that within four or five minutes, if 
not lefs, the upper part of the liquor, that was 
contiguous to the air, had acquired a fine blue 
colour, which defcending deeper and deeper, 
before the end of the tenth minute had diffufed 
itfelf, but fomewhat weakened, through the 
liquor, whofe colour was fuffered to deepen for 
a while longer; fo that in lefs than a quarter 
of an hour from the firft unftopping of the vial, 
the liquor was grown to be throughout of a 
nich ceruleous colour, which grew aloft too 
opacous within a few minutes longer :. when 
carefully clofing the vial again with the fame 
{topple as before, we fet it afide in the fame 
place, where, the included air being denied all 
commerce with the external, the liquor began 
again, within two or three days, to lofe of its co- 
lour, and, to be fhort, afforded me the op- 
portunity of making a fecond experiment, 
much like the former, And the like fuccefs I 
had, for the main, in a trial or two made in ano- 
ther glafs with another portion of the fame 
fpirit of urine, put upon the filings of copper ; 
fo that the experiment was, in all, made di- 
vers times, as well when I was not, as when 
I was alone: and particularly, once to be fure, 
that the diurnal air as fuch had not any great 
intereft in the phznomenon, I made the trial 
fuccefsfully about nine a clock at night, in the 
prefence of fo well known a witnefs, as the 
learned fecretary of the Royal-Society. 

One circumiftance I forgot to take notice 
of, which was, that in moft of thefe experi- 
ments I forbore to fhake the glafs, left it 
fhould be fufpected, that the agitation of the 
liquor might have raifed fome little fine pow- 
der, that might have been fuppofed to have 
been precipitated out of the tincture, and, be- 
ing thus mingled with the liquor again, reftore 
it to its former colour 3 but in truth, I did not 
perceive any fuch powder to be precipitated. 
And though, to obviate the objection, I for- 
bore to fhake the vial; yet I juftly fuppofed, 
that if, by the agitation of the liquor; more 
parts of it fhould be quickly expofed to the 
action of the air, the coloration would be 
haftened, which upon trial appeared to be true. ] 


EXPERIMENT VIL. 

[ XPERIENCE have made me think i¢ 

hkely, that {trong {pirit of fal armoniac, 
made without quick-lime, would operate more 
nimbly and more powerfully on that metal than 
our {pirit of urine had done; we took fuch a 
conical glafs, as has been lately defcribed, and 
covering the bottom of it with a convenient 
quantity of filings of good copper; we poured 
on them as much ftrong fpirit of fal armoniac, 
as ferved to fwim about a finger’s breadth 
above them; and, having let down fuch a 
mercurial gage, as is formerly mentioned, fo 
that it leaned upon the bottom and fide of 


the glafs, we clofed it very well with a itopple, 
and, 


" * About fuch glafles, fee Experiment XVII. in the continuation of our New Phyfico Mechanical Experiments. 
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and fet it in a quiet and well enlightened place, 

aving taken good noticé at what mark the 
quick-filver refted in the open leg of the gage : 
this done, we let the menftruum alone to work 
upon the filings, which it did, as we forefaw, 
fomewhat flowly and very calmly, without 
producing any noife or fenfible bubbles, ac- 
quiring by degrees a very pleafant blue colour, 
and afforded us alfo the phenomenon we chiefly 
looked after ; which was, that repairing from 
time to time to the window to fee what pafled, 
we perceived, that for two or three days to- 
gether the mercury in the fealed leg of the 
sage did, though very flowly, defcend, until it 
appeared to be near a quarter of an inch lower 
than at firft; and probably the depreffion 
might have been greater, if fome indifcreet 
body or other had not, by tampering with the 
elafs, difturbed the experiment; whofe event 
yet feemed fufficiently to argue, that the {pring 
of the air, contained in the cavity of the glafs, 
and communicating with that in the open leg 
of the gage or fyphon, was weakened in com- 
parifon of that in the clofed leg, which by the 
hermetic feal on one fide, and the quickfilver 
on the other fide, was kept from fuch com- 
munication, 

Anp becaufe I thought it might be fufpec- 
ted, that the phenomenon might be referrable 
to fome inequality in the preffure of the air, 
occafioned by the greater operation of the heat 
of the day on the more imprifoned air of the 
gage, than on that more immediately included 
in the cavity of the vial; I was careful to ob- 
ferve, whether the depreffion did not continue 
at differing times of the day, and found it to 
do fo, as well at night, as at noon, though at 
this laft named time, the fun fhined hot upon 
the place and veflels too. 

TH1s experiment was made, in all, four or 
five times, though not always with equal, yet 
{till with fome fuccefs, the mercury in the fealed 
lee of the gage being fometimes more and 
fometimes lefs, but always manifeftly depref- 
fed; which phenomenon was confirmed by 
the obfervation we more than once made of 
the fudden return of the quickfilver to its for- 
mer ftation, upon the unftopping of the glafs, 
to give free admiffion to the outward air. 


EXPERIMENT VIII 


ONSIDERING, whilft I was about 
thefe trials, that fpirit of vinegar, though 

in working upon coral and fome other bodies, 
it not only produces ftore of bubbles, but alfo, 
as I have elfewhere delivered*, a fomewhat odd 
kind of elaftical fubftance, yet being put upon 
minium it was wont, in my obfervation, to 
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work calmly and without producing froth: I 
thought fit to make trial, whether this calm 
and filent folution of minium would be accom- 
panied with a permanent change of the air’s 
{pring : the event I find thus fet down : 

[A pretty quantity of fpirit of vinegar being 
put upon minium in a conical glafs, turnithed 
with a glafs ftopple and a mercurial gage, con- 
tinued divers days without any fenfible depref- 
fion of the mercury in either leg, nor did any 
change appear in the gage, upon the removal 
of the ftopple, though it was evident by the 
great {weetnefs acquired, that ic had made a 
folution ofa great portion of the minium,] But 
to return to our trials upon copper. 


EXPERIMENT Ix, 


[ E took fome filings of copper, and ii 
a vial capable of holding fome two 
or three ounces of water, we poured on them 
{trong fpirit of fal armoniac, made without 
quicklime, till the liquor reached near an inch 
above them. This was done about the twen- 
tieth of uguft, on the Friday before noon, 
and the following Monday, prefently after din- 
ner, it had acquired a deep blue tinéture, and 
Joft again fo much of it, that it was pale, al- 
moft like common water: then, to fatisfy a 
virtuofo, I unftopped the vial, defiring him to 
place his eye level with the furface of the li- 
quor, which, in a minute of an hour, or lefs, 
appeared, to his furprife and wonder, to have 
acquired a deep blue tincture, that reached 
downwards to the thicknefs of the back of a 
knife, the whole liquor becoming of the like 
colour in four or five minutes more, and the 
glafs being prefently ftopped again, and left 
where it was before, appeared not at the end 
of nine days, to have loft its tincture ; though 
now and then, within that time, it feemed ma- 
nifeftly paler than when the vial was ftopped.] 
‘¢ Nowe of the former trials with fpirit of 
*¢ fal armoniac having been made in an her- 
“¢ metically fealed glafs, it will not be amifs 
** both to diverfify and to confirm our experi- 
** ments, by fetting down the fuecefs of one 
‘© made in fuch a veffel.” 


EXPERIMENT X. 


[ E, took a round vial, holding about 
eight ounces of water, and having 

put into it filings of copper and.a mercurial 
gage, we poured on the metal ftrong {fpirit 
of fal armoniac, till it reached to a good height 
in the vial, which then being hermetically feal- 
ed up, was fet by in a fouth-window, where 
1t 


* To the better underftand’ng of this, the enfuing trial may much conduce; and therefore is tranfcribed out of ana- 
ther paper, to which it properly belongs. . 

A mercurial gage having been put into a conical glafs whofe bottom was covered with beaten coral, fome {pirit of 
vinegar was peaed in, and then the glafs ftopple, which was very well ground, clofing the neck exaétly, we obiervéd, 
that upon the working of the menftruum on the coral, ftore of bubbles were for a good while produced, which fucceflively 
broke in the cavity of the veffel, and their acceffion fo conftipated the air, that they compreffed the air imprifoned in 
the clofed leg of the gage three marks or divifions, which I gueffed to amount to about the third part of the extent it had 
before: but Poaie hours after the corrofion had ceafed, the compreffion made by this sab generated air grew manifefily 
fainter, and the imprifoned gage air drove down the mercury again, till it was depreffed within one divifion of its firlt 
flation ; and thereabouts, or little lower, continued five or fix days; fo that in this operation there feemed to have 
been a double compreffive ‘power exercifed; the one tranfient, by the brifk agitation of vapours or exhalations, and 
the other durable, from the aerial and fpringy particles, either produced or extsicated by the action of the {pirit of vie 
negar upon th: coral, 
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it quickly acquired a deep blue tincture: there 
it {tood about twelve days, before that tincture, 
which decayed but flowly, did, little by little, 
srow fo diluted, that the liquor was pale and. 
almoft like water: during this ftay of the glafs 
in the window, the mercury in the open leg 
appeared to be impelled up, and when after 
nine o’ clock at night, “(which time I chofe to 
try, whether the nocturnal air, as nocturnal, 
would have any thing to do with the phzno- 
menon,) the hermetic feal was broken off ; im- 
mediately upon which there was produced a 
noife, and the mercury in the fhorter and clof- 
ed leg was brifkly impelled up, by our guefs, 
near three eights of an ‘inch, and though the 
orifice, at which the air had accefs, was fcarce 
wide enough to admit a middle-fized pea, yet, 
within a minute and half, the furface of the 
liquor being held between the eye and the can- 
dle, appeared to have acquired a very lovely 
and fair colour, which reached downwards a 
quarter of an inch; fo that the vial feemed to 
contain two very differing liquors fwimming on 
one another, and the coloration piercing deep- 
er and deeper within five minutes in all, the 
whole liquor had attained a rich blue colour. ] 
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‘© Wits this experiment J fhall conclude 
this paper: for though I made feveral other 
trials, with the fame defign, that I made the 
foregoing ones, as with fpirit of nitre, and 
minium, fpirit of vinegar and copper ; 
“¢ yet a prefent want of time hinders me from 
‘© troubling you with them, which I the rather 
‘“¢ forbear to do, becaufe I fear, they would 
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‘“¢ prove lefs fatisfactory than thofe I have fet - 


‘© down, which themfelves muft, to a lefs dif- 


«¢ cerning eye than yours, appear very imper-. 


“© fect, notwithftanding that prolixity in recit- 
«© ing fome of them, which I was obliged to 
‘¢ by my not yet knowing, in fuch odd at- 
‘¢ tempts, what circumftances might fafely be 
‘© omitted. But fuch as they are, I fend them 
‘© you, who, by your diffufed correfpondency, 
«¢ have great opportunity to get them mace, 
¢ if you think them worth it, by curious per- 
‘¢ fons in feveral countries, various manners, 
and differing feafons of the year : and how- 
¢ ever the things I fend you be but trifles, yet 
‘¢ their novelty may, perhaps, excite the indu- 
ftry of others, and give rife to further en- 
‘¢ quiries.”’ 
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QUICKSILVER growing hot with GOLD. 


Firft publifhed in the PumosornicaL Transactions, N°. CXXII. 
p: 515, for February 21, 1675-6. 


The INTRODUCTION of the PuBLisHEer. 


HOUGHi* the following difcourfe 

| was by the author of it made part of 

a fhort Examen: of the fuppofed fym- 

pathy between gold and quickfilver, (which 

itfelf belongs to another treatife;) yet the 

worthinefs of the fubjeét, and the great cu- 

riofity, that is obferved among many virtuofi, 

(not only chemifts, but others,) about mercu- 

rial preparations and experiment, made me 

think I might do them an acceptable piece of 

fervice, if I could prevail with the author to 
Vor. Ill. 


fever them from the papers, whereto he had 
annexed them, (but to which they feemed not 
abfolutely neceffary) though upon the con- 
ditions he judged requifite to infift on. 

. Awnp fince I venture to impart before the 
time thefe things unto the curious, I hope and 
defire, they will be fo equitable, as to indem- 
nify me to the author, and not fruitlefly endea- 


‘vour to put a perfon, that has already given 


fo many proofs of his propenfity to gratify in- 
genious men, upon making unfeafonable an- 
C {wers 


Of the INCALESCENCE of 


fwers to any verbal or epiftolary queftions about 


Now, to gratify the curious among ftrangers, 


things, wherein fome confiderations, that he as well as thofe of our own nation, the pub- 
thinks are not to be difpenfed with by him, do lifher was not unwilling to give this difcourfe 


as yct injoin him filence, 


in Latin, as the author hath been pleafed to im- 
part it in Englith. 


Follows the DISCOURSE itfelf. 


Of mercury growing bot with gold. 

1,———P) UT that what I have hitherto faid, 

may not be drawn to the difpa- 
sagement or difcouragement of thofe Spagyrifts, 
that poffefs or afpire to the nobler arcana of gold 
and mercury, I muft mind you to take notice, 
chat what I have objected againft the fuppofed 
fympathy of gold and quickfilver, is fpoken 
only ef common mercury, that being it, whofe 
fympathy with gold is wont to be celebrated. 
And though perhaps, a good part of the things 
I have alledged will be found applicable even 
to true running mercuries ; yet I would not 
be thought to deny, that there may be a 
guickfilver more fubtile and penetrant than that 
which is common, and that thofe chemitts, 
that eround the fympathy of gold and mércu- 
ry upon the operations of a more philofophical] 
mercury, may likewife argue for it more {pe- 
cioufly, than vulgar mercury will enable them 
to do. And to let you fee on this occafion, 
that I am not unkind to the chemifts, I will 
annex part of a paper, written to a friend to 
give him my opinion about mercury’s incale- 
{cence with gold. 

2. —AnpD now I thal! abruptly begin this 
fection with the confideration of a problem 
much agitated among the curious, ‘efpecially 
thofe, that pretend, whether truly or vainly, 
to have more than ordinary infight into che- 
iniftry : among whom I find it hotly difputed, 
whether or no there be any fuch thing, as a 
mercury, that will heat with gold, that is, which 
by being barely mingled with that metal redu- 
ced to fine parts, will, without the help of ex- 
ternal heat, produce upon the commixture of 
thofe two bodies very fenfible heat. 

3. TH affirmative of this queftion 1s pofitive- 
ly afferted by fome writers and others, that 
pretend to ‘the tranfmutation of metals: for, 
among thefe, I have met with fome, that afcribe 
this virtue of incalefcence with gold to the mer- 
curies extracted, as they fuppofe, from fome 
complete metals, which are therefore in their 
phrafe ftiled mercuriz corporum, or the mercu- 
ries of the metalline bodies. 

4. Burt the negative part of the queftion is 
more generally maintained, being not only em- 
braced by far the greateft number of philofo- 
phers and phyficians, but affented to by many 
of the more learned Spagyrifts themfelves, ef- 
pecially the modern, divers of whom have 
reckoned this fort of mercuries among the chi- 
mzra’s and mon-entia of bragging chemilts. 
And I have the lefs wondered ta find many 
Jearned men fo averfe from believing this in- 
calfcence of mercury and gold, becaufe, hay- 
ing purpofely enquired of feveral prying alche- 
mifts, that have fpent much labour, and many 
trials, to find out things of this kind, and have, 
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— ERUM enimvero, ne que hatienus 

differut eo torqueantur, .ac ft 
laudes animofque viris illis Spagyricis demere 
velimus, qui nobiliora auri {F argenti vivi ar- 
cana poffident ambiunive, monendus: es mibi, ut 
advertas, me quod contra fuppoftam auri &§ 
mercurii fympathiam object, de vulgar: duntaxat 
mercurio ditfum velle, cum ille fit, cujus cum 
auro fympathia celebrari fueverit. Et quamvis 
forté magna & me diftorum pars, confultd expe- 
rientiad, ad nativum etiam mercurium currentem 
extendi poffit; non tamen cenfere leciorem veliim, 
negare me, dart argentum vivum poffe vulgari 
fubtilius €P penetrantius, iftofque chymicos, qui 
auri €9 mercurit fympathium niti voluut mercu- 
rii magis philofophict operationibus, contendere 
etiam pro ea multe {pectofius poffe, quam fi vul- 
garis duntaxat mercurius adbibeatur. Atque ut 
hac occafione teftatum faciam, me viros chymia 
additios neutiquam averfari, fubjungam bic 
feripti mei partem, ad amicum quendam idcircd 
exarati, ut meam ipft de mercurti cum auro in- 
calefcentia opinionem depromerem. 


— Nunc vero abrupté' fettionem hance ordiar 
problematis cujufdam difcuffione, quod diu mul- 
tumque inter curiofos fuit agitatuin, eos imprimis, 
qui, five vere five falsd, obtendunt, fe intimio- 
res, quam vulgo conceffum eft, chymie receffus 
adiiffe : inter quos td calidé difceptart reperio, 
utrum ejufmodi detur mercurius, qui incalefcat 
cum auro, id eft, qui, dum nudé metallo ifti, ad 
minutas adimodium partes redatto, commifcetur, 
citra externt caloris adminiculum, faéta folum- 
modo duorum tllorum corporum cramate, fenfibi- 
lem valdé calorem pariat. 

Hujvus quaftionis affirmativam mordicus te- 
nent nonnulli authores, aliique, qui metallorum 
tranfmutationem fibi vendicant ; inter hos quip- 
pe nonnullos videre mibi licuit, qui banc inca- 
lefcendi cum auro virtutem mercurits adfcri- 
bunt, ex perfeétis quibufdam corporibus, ut 
autumant, elicitis 5 guos idcirco mercurios cor- 
porum, five mercurios corporum metallicorum, 
nuncupare folent. 

Art negativam tuentur multe plures, tique non 
modo philofophi &S medici, fed fF ex ipfis Spa- 
gyricis dottring clariores, imprimis, ex neote- 
vicis &9 modernis, quorum non pauci banc mer- 
curiorum familiam chimaris &P non-entibus gran- 
diloquentium chemiftarum accenfent. Atque ¢0 
minus mirabar, complures viros dolios adeo effe 
ab hoc mercurii cum auro incalefcentie affenfte 
alienos, quia, confultd quafiti a me plures ex 
alchymiftis fagacioribus, qui multum itmpende- 
rant opera, plurimaque experimenta peregerant 


ad bujus generis arcana depromenda, quique per 


aliquot annos noviffimos varias Europe partes 


permearqut, ub aligrum, quit tranfinutationes 
me- 
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of late years, travelled into many parts of Ea- 
rope, to pry into the fecrets of other feekers of 
metalline cranfmutations, they have apart inge- 
nuoufly confeffed to me, that they never actu- 
ally faw any incalefcent mercury, though they 
fometimes heard it boafted of by all alchemitfts, 
whofe bold pretenfions had the lefs weight with 
me in this matter, becaufe I had long taken 
notice, how great a confidence, fraud, or ig- 
nordnce (for I would not think all thofe cheats, 
that are miftaken,) can give to fome of that 
fort of men, that I am {peaking of. Infomuch 
that one of them having impofed upon an ho- 
neft chemift, well known, and much employed, 
with a pretended incalefcent mercury, they had 
the confidence to bring it me to convince me 
of the experiment ; but upon due trial, I found 
not any fenfible degree of that great heat, that 
was promifed. Which mifcarriage was vainly 
pretended to be falved by I know not what un- 
jatifactory excufes. 

5. But, notwithftanding all this, having, 
for the reafons I have long fince expreffed in 
other papers (and for fome other confidera- 
tions, that I have not judged fit to mention) 
Jooked upon mercury as a body, which is not 
neceffarily fo homogeneous, as it is fuppofed, 
the opinion I moft liked of was that of a pof- 
fibility of an incalefcent mercury. For, not- 
withftanding the vulgarly fuppofed fimular na- 
ture of guickfilver, which I willingly confefs to 
be great enough to be admirable, it was yet 
congruous to my principles, that a liquor, 


which in weight, colour, total volatility, &c.. 


was an{werable to all the effential properties for 
which a body ts called mercury, might yet have 
an internal confticution of parts, that might 
make it in fome unobferved things confiderably 
differing from common mercury. And, among 
thefe differing qualites, I did not know but 
one might well be, that of growing hot with 
gold. And this opinion I judged the more 
reafonable, becaufe, having devifed two ways 
(unpractifed, that I know of, by any chymift) 
the one, to difcover, whether a clean and care- 
fully diftilled mercury might not be a com- 
pounded body, and have in it parts, that were 
not mercurial; and the other, out of fuch a 


fine diftilled mercury to feparate parts, and. 


that in no defpicable number, that are plainly 
heterogeneous ; I found, upon trial, that both 
the methods I had thought on would fucceed, 
which warranted me to think it poffible, that 
a mercury very fine and clean, and even purg- 
ed by fublimations and diftillations, may, by 
art, have been made to affume and incorporate 
with it a multitude of heterogeneous corpuf- 
cles, not to be difcovered, much lefs feparated, 
(as thofe of tin, lead, &c. may be} but by a 
fkilful arcift. 

6. THis, in the general, may fuffice to 
make me fufpend my judgment about the 
problem formerly propofed, and to engage 
me to make trials, whether fome of thefe hete- 
rogeneous particles, that I found reducible with 
mercury into a lafting mercurial flux, might not 
Jo alter it, as to difpofe it to heat with gold. 
But this was not futficient to determine me to 


an 


metallicas veftigant, fecreta rimarentur, illi, 
inquam, finguli feorfim & me rogati ingenue 
apuad me faffi funt, fe revera nunquam incale- 
Jeentem ullum mercurium vidiffe, licét id quan- 
doque jatiatum ab alchymiftis audiviffent ; quo- 
ruin jattabundi obteutus ed minus apud me in 
hoc negotio valebant, quod a longo jam tem- 
pore notaveram, quantam fraus vel ignorantia 
(non enim omnes illos haberi impoftores velim, 
qut ballucinantur) in nonnullis hujufmodi, de 
quibus loquor, viris fiduciam parere poffint ; qua 
fané tanta erat, ut illi, cm eorum unus, bo- 
ne frugis chymiftam, multis notum multifque 
operam fuam locantem, fuppofito mercurio inca- 
lefcente fefellerat, ed fiducie abriperentur, ut 
apud memet fe fifterent, de experimento illo 
me convicturi, At, re, ut par erat, exploraté, 


nullum percepi fenfibilem illius caloris gradum, 
quent promt fer ant. 


VERUM enimverd, bis omnibus nequicquam ole 
ftantibus, cm ex rationibus dudum in alio {eripto 
ame expofitis, alit/que de caufis hic non memo- 
randis, argentum vivum corpus reputem, quod 
non neceffario tam fit homogeneum, ac paffim ha- 
betur 5 lla mibi opinio pra ceteris allubuit, qua 
mercurii incalefcentis poffibilitatem ddftruit. Et- 
enim, non obftante vulgo fuppofitd mercurii (ut 
fic dicam) fimilaritate, quam aded eximiam efle 
puto, ut parere admirationem poffit, meis tamen 
principits confonum erat, liquorem quendam, qui 
pondere, colore, totali volatilitate, €¥c. omnes 
referebat proprietates effentiales, quarum re- 
[pectu corpus aliquod mercurii nomine venit, ha- 
bere tamen poffe internam ejufmodi partium dia- 
thefin, que in nonnullis battenus non obfervatis 
infignem illi a mercurio vulgari difcrepantiam 
conciliare queat : atque has inter qualitates dif- 
ferentes nefciebam, annon ea recenferi meritd pof- 
fet, qa incalefcit cum auro commixtus, Atque 
banc opinionem rationi eb magis confentaneam ar- 
bitrabar, quod, excogitatd a me duplici methodo 
(battenus a chymicorum nullo, quod fciam, in 
praxin versd,) und quidem, ut mantfeftum red- 
derem, effetne purus curatéque diftillatus mercu- 
rius corpus compofitum, partefque contineret non 
mercuriales 5 alterd verd, ex purificato ejufmodi 
CP diftillato mercurio partes feparandi non pau- 
cas manifefto heterogeneas ; experiundo comperi, 
utramque illam methodum a2 me inventam fucceffie 
gaudere: id quod audtoramentum mibi baud leve 
erat, ut poffibile exiftimarem, mercurium valde de- 
fecatum, quin &S per fublimationes & diftillatio- 
nes repurgatum, arte poffe ed redigi, ut affumat 
fecumque conflet beterogencorum corpufculorum 
multitudinem, qué nonnifi a pertto artis filio de- 
tegt, multd minus fegregari queant (ut fieri de 
Jtannets, plumbeis, Sc. corpufculis poteft.) 


Hoc generatim fuffecerit, ut meum de proble- 
mate fuprapropofito judicium fufpendam, &F ad ex- 
perimenta fumenda properem, quibus palam redda- 
tur, annon alique ex particulis illis beterogeneis, 
quas cum mercurio in durabilem fluxum mercuria- 
lem reduct poffe deprehendi, ita alterare eum pof- 
Sint, ut adincalefcendum cum auroipfum difponant. 
Mt non erat hoc fatis ad eliciendum @ me affen- 


jum ; 
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Of the INCALESCENCE of 


an affent ; for to oblige me to admit incalefcent 
mercuries, it ought not to fufhce, that 1t 1s pof- 
fible, or even probable, that there may be fuch, 
but there was neceffary fome pofitive proof, that 
there are fuch; and that alfo, through God’s 
bleffing, my trials afforded me about the year 
1652. 

7, Some years after I was in poffeffion of 
this mercury, I found in fome of their books, 
that chemilts call philofophers, fome dark paf- 
ages, whence I then gueffed their knowledge 
of it, or of fome other very hke it; and in 
one of them I found, though not all in the 
very fame place, an allegorical defcription of it, 
the greateft part of which was not very difficult 
tor me to underftand ; but not finding there a- 
ny notice taken of the property of this mercu- 
ry to grow hot with gold, I was induced to 
fufpect, that either they had not the knowledge 
of it, or judged it unfit to be {poken of. But 
you will, I fuppofe, expect from me rather 
narratives than conjectures. And, indeed, it 
is but reafonable, that, having but men- 
tioned to you a phenomencn, whofe credibility 
is by many denied, I fhould take notice of 
fome circumftances fit to bring credit to it. And 
I fhall the lefs grudge the pains of fetting down 
feveral particular phenomena, becaufe I pre- 
fume you have not met with them, and becaufe 
alfo it may gratify fome of your chemical 
friends, who may have or difcover fome noble 
mercury, by helping them to examine it, and 
to try, whether it refembles ours. 


8. TuHat I might not then be impofed 
on by others, I feveral times made trial of our 
mercury, when I was all alone, For when no 
body was by me, nor probably dreamed of 
what I was doing, I took to one part of the 
mercury, fometimes half the weight and fome- 
times an equal weight of refined gold reduced 
to a calx or fubtle powder. This I put into the 
palm of my left hand, and putting the mercury 
upon it, ftirred it and preffed it a little with the 
finger of my right hand, by which the two in- 
eredients were eafily mingled, and grew not 
only fenfibly, but confiderably hot, and that fo 
nimbly, that the incalefcence did fometimes 
come to its height in about a minute of an hour 
by a minute-clock. I found the experiment 
fucceed, whether I took altogether, or but half 
as much gold as mercury ; but the effect feem- 
ed to be much greater when they were employ- 
ed in equal weight. And, to obviate a fufpi- 
cion, which, though improbable, might pofli- 
bly arife, as if the immediate contact of the 
ingredients and the fkin produced a fenfe of 
wheat, which was not due to the action of the 
metals upon one another; I had the curiofity 
to keep the mixture in a paper, and found not 
its interpofition to hinder me from feeling the 
incalefcence, though it much abated the degree 
of my fenfe of it. 

g. I tried alfo the fame mercury with re- 
fined filver reduced toa very fine powder ; but 
I could not perceive any heat or warmth at all ; 
though, Iam apt to think, that if I had had 
a fufficient quantity of leaf-filver to have made 
the experiment with, I fhould, after fome time, 

have 


fum ; ut enim ad mercurios incalefcentes admit- 
tendum adducerer, fufficere non debebat, poffidiles 
eos effe, vel etiam probabiles, fed reverd tales 
dari manifefiad probatione erat evincendum : & 
hoc’ ipfum quoque, favente Deo, experimenta 
mea, anno 1652, circiter, comprobarunt. 


Post aliquot ab eo tempore annos, quo mer- 
curium bujufmodi jam pofidebam, in quibufdam 
ex ecorum, quos turba chymica philofopbos nun- 
cupat, libris obfcura quedam loca inveniebam, 
unde tunc eorum de ipfo, vel alio aliquo perquam 
et fimili, cognitionem conjetiabam 5 atque in ip- 
forum uno reperiebam (non tamen rem totam in 
uno plane eodemque loco) defcriptionem eus alle- 
foricam, cujus pars maxima adeo difficilis intel- 
letiu mibi non erat: at cum nibil ibi notatum 
viderem de illa mercurii bujus proprietate, qué 
calorem cum auro acquirit, in fufpicionem inctdi, 
eos vel cognitione illius fuiffe deftitutos, vel eam 
Jilentio premendam cenfuiffe. At tu fine dubio 
fatti potius narrationes, quam conjetturas a me 
exfpetias. Et fané aequum ontaind fuerit, ut, 
cum mentionem duntaxat fecerim phenomeni, 
cujus a multis negatur credzbilitas, circumftan- 
tias nonnullas annotem, qhe fidem ei conciliare 
valeant.  Atque ed minus laborem detrectabo 
particularia aliquot phenomena bic tradendi, tum 
quod ea tibi non occurriffe autumem, tum qudd ea 
grata fore putem quibufdam amicis tuis chyinicis, 
nobilem quendam vel jam poffidentibus vel paratu- 
ris mercurium, ut cil. boc qualicunque f{cripto 
nofiro ad eum examinandum, , an referat tic- 
firum, experiundum, juventur. 

ITAQUE, #e mibi imponerent alii, pluries 
mercurium noftrum, quando folus eram, explora- 
bam. Etenim quando nemo mibi aderat, neque 
quifquam per. fomnium quid agerem conjiceret, fu- 
mebam unam partem illius mercurit, ad auri, in 
calcem vel pollinem redatti, pondus quandoque 
dinudium, quandoque equale. Hoc polline vole 
manus finiftre immiffo, (P mercurio fuperinfufo, 
utrumque fimul agitabam, premebamque nonnibil 
digito manis dextre ; qué retioue duo hec in- 
gredientia facile commixta, non modd ad fenfum 
fed infigniter incalefcebant, idque aded propere, 
ut incalefcentia interdum unius bore circiter mi- 
nuto, indicante idipfum horologio minutis in- 
ftruio, ad caxyiy perveniret. Succedebat hoc ex- 
perimentum, five equalem fumerem frve dimidiam 
aurt quantitatem; effecius tamen multo vide- 
batur infignior, quando equali pondere adbibe- 
bantur. Alque, ut fufpicioni, qua, licet impro- 
babilis, fubnafct tamen poffet, occurrerem, im- 
mediatum fel. ingredientium &S cutis contac- 
tum preducere poffe fenfum caloris, qui non de- 
beatur metallorum in fe invicem a€tioni, curiofi- 
tate ducebar mixturam hanc. in charta fervan- 
di, quo facto, interpofitionem ejus nequaquam 
impedire incalefcentie fenfum comperiebam, quan 
quam, ex natura ret, intenforem ilius gradum 
remitteret, 


PoRRO mercurium eundem cum repurgato ar- 
gento, ad fubtilem valdé pulverem redatio, ex- 
ploravi ; at nullum oninino calorem percipere po- 
tut, quanquam eo ferar,ut exiftimem, ft fufficiens 
argenti foliati quantitas, ad peragendum expe- 
rimentum, mibi fuppetiiffet, me poft aliquot tem- 

2 poris 
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have produced an incalefcence, though much 
inferior to what the fame quantity of mercury 
would produce with gold ; but this only upon 
the by. I fhall now add, that to the end I 
might not be thought to impofe upon myelf, I 
did not make trial in my own hand, when it 
was in different tempers, as to heat and cold, but 
I did it in the hands of others, who were not 
a little furprifed and pleafed at the event. And 
this I did more than once or twice ; by which 
means I had, and {till have, divers witneffes of 
the truth of the experiment, whereof fome are 
noted perfons, and efpecially him, to whom I 
laft fhewed it, which you will eafily believe, when 
I tell you it is the learned fecretary of the Royal 
Society 3 to whom having given the ingredi- 
ents, I defired him to make the experiment in 
and with his own hands, in which it proved 
fuccefsful within fomewhat Iefs than a minute 
of an hour *. 

to. AnD that, which makes this incalefcence 
the more confiderable is, that being willing 
to hufband my mercury, a great part of which 
had been, as 1 gueffed, ftolen from me before 
I employed it, I made thefe trials but with a 


drachm at atime, which fcarce amounts in quan- 


tity to the bignefs of half a middle-fized bean ; 
whereas, if I could have made the experiment 
with a f{poonful or two of quickfilver, and a 
due proportion of gold, it is probable the heat 
would have been intenfe enough, not only to 
burn one’s hand, but perchance to crack a glafs 
vial; fince I have fometimes had of this mer- 
cury fo fubtle, that when I employed but a 
drachm at a ume, the heat made me willing to 
put it haftily out of my hand. 

11. Tuese things being matters of fact, I 
{cruple not to deliver them ; but I would much 
{cruple to determine thence, whether thofe, that 
are mercurii corporum, and were made, as che- 
mifts prefusne, by extraction only from metals 
and minerals, will each of them grow hot with 
gold, as, if I much miftake not, I found anti- 
monial mercury to do. And much lefs would I 
affirm, that every metalline mercury. (though 
never fo difpofed to incalefcence) or even that 
of filver or gold itfelf, is the fame with that, 
which the cliryfopzean writers mean by their 
philofophic mercury, or is near fo noble as this. 
Nay, I would not fo much as affirm, that every 
mercury, obtained by extraction even from the 
perfect metals themfelves, muft needs be more 


noble and fit (as alchemifts fpeak) for the phi- 


lofophic work, than that, which may with skill 
and pains be at length obtained from common 
mercury fkilfully freed from its recrementitious 
and heterogeneous parts, and richly impregnated 
with the fubtle and active ones of congruous me- 
tals or minerals. Thefe and the like points I 
fhould, as I was faying, much fcruple at offer- 
ing to determine in this place, where what I 
defigned to deliver was hiftorical, though I 
have not thought it impertinent to glance at 
the points lately mentioned, becaufe thofe 
glances may intimate things conducive to, the 
better underftanding of what I have faid, and 
have to fay in this paper. 

Vor. Il. , 8 12, I 

* Since this was written, the noble and judicious prefident 
of the Royal Society, the lord vifcount Brezucker, made the 


fame experiment with fome of the fame mercury, in his 
own h:nd with good fuccefs, 


¢ 


poris fpatium incalefcentiam fufcitaturum fuiffe, 
quamvuis multo infertorem eo, quem eadem mer- 
curit quantitas cum auro produceret: at hoc 
nonnift in tranfitu, Adjiciam nunc, me, ne mi- 
himet impofuiffe cenferer, non tantium rem hance 
exploraffe in manu mea, quando varie erat pro 
caloris {8 frigoris ratione temperata, fed &9 in 
manibus aliorum, quos non parim attonitos hae 
bebat, juvabatque eventus. <Aique hoc ipfum 
pluries quam femel bifve fect , unde mibi tef- 
tes fuppetunt experimenti veritatis affertores, 
probate fidet viri, quorum unus erat eruditus 
Societatis Regie fecretarius, quem, exbibitis 
ei ingredientibus, rogabam, ut fuifmet manibus 
experimentum caperet ; in quibus &P optatum 
fuccefjum minori quam unius minuti [patio for- 
tiebatur tT. 


\ 

ATQUE, quod incalefcentiam banc infignio- 
rem reddit, eft, quod, cum parce uti mercuria 
meo cuperem, quippe cujus magna pars (ut con- 
jicio) furrepta mibi fuerat, priufquam eum adbi- 
berem, experimenta fingula nonnifi cum una 
drachma peragebam, que vix fabe mediocris di- 
midie magnitudinem equat, cum, fi copia mibi 
fuiffet capiendi experimentum cum cochleari uno 
alterove mercurit pleno, fupparique quantitate 
auri, probabile fit, calorem inde oriturum fuijle 
fatis intenfum, ut non modo ureret manum, fed 
forfan &S in phiala vitrea rimas ageret ; quan- 
doquidem interdum bujus generis mercurium ba- 
bui adeo fubtilem, ut, adbibente me fingulis vici- 
bus nonnifi drachmam unam, calor ine adegerit, ut 
properé é manibus mixturam deponerem. 

Hac, cim fint res fatti, tradere non dubito ; 
at valdé ambigerem exinde determinare, num, qui 
appellautur mercuriit corporum, paranturque, ut 
jattant chymict, fola extraétione ex metallis & fof- 


filibus, eorum quilibet calorem acquirat cum auro, 


quemadmodum, ni multum fallor, mercurium an- 
timonialem acquirere comperi. Multéque minus 
affirmarem, quemuis mercurium metallicum (quan- 
tumcumque aa incalefcentiam difpofitum,) quin (8 
mercurium argenti aurive ipfius eundem effe cum 
eo, quem {criptores chryfopei per mercurium fuum 
philofophicum intelligunt, vel praeftantiad fud ad 
hunce accedere. Quin imo, ne quidem affererem, 
quemlibet mercurium, extratitone etiam ab ipfis 
perfeéiis metallis impetratuin, nobiliorem effe opor- 
tere, &P (ut loquuntur alchymifte) ad philofo- 
phicam operatiorem magis idoncum, quam illum, 
qui, peritid & induftrid comite, obtineri tandem 
poteft a mercurio vulgari, a partibus fuis recre- 
mentitiis beterogeneifq; purgato, fubtilibufque &P 
efficacious metallorum mineraliumve congruorum 
partibus uberrime fato: hac, inquam, & ft 
milia boc loco affirmare admodum  vererer ; 
cum hic nonnifi ea.tradere inftituerim, que ad 
ret hiftoriam faciunt , quanquam preter rem 
non exiftimaverim, Jamjam indigitatos ret bu- 
jus apices innuere, quod ftriéiure ifte ea pof- 
fint leétori ingerere, que ad meliorem tum dic- 
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torum -tum dicendorum intelligentiam conducere. | 


queant, 


7 D. Non 


+ Ex quo tempore hoc literis fuit confignatum, iliuftriffimes 
CS judiciofiffimus Regia Societatis prefes, Dom. Vicecomes 
Brouncker, idem experimentum fuad cum eyufdem mercurii 


portione manu cum fucceffu peregit, 
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12. Edoubt not but what I have related and 
hinted has given you acuriofity to know fome- 
what further of this mercury : and I confefs, 
that if there be any truth in what fome of the 
moft approved Spagyrifts have delrvered about 
a folvent of gold, that feems of kin, and per- 
haps is not much nobler than one, that I had ; 
it feems allowable to expect, that even ours 
fhould be of more than ordinary ufe, both in 
phyfick and alchemy. But the misfortune I 
had to have loft a confiderable quantity of it, 
being afterwards increafed by the almoft fud- 
den death of the only operator I trufted in the 


making of it; I was altogether difcouraged * 


from repeating fuch a troublefome preparation, 
efpecially being diverted by bufinefs, removes, 
ficknefs, and more pleafing ftudies. And 
though I have not forgot fome not defpica- 
ble trials, that I made with our mercury, yet 
fincethey are not neceffary to the queftion, that 
occafioned this paper, I fhall pafs them over 
in filence, and only obferve fome few things I 
had almoft forgot to tell you ;‘namely, firft, 
that whereas it 1s ufual to take four, five, or 
fix, nay eight or ten parts of common quick- 
filver, to make an amalgame with one of gold, 
even when both are heated by the fire ; I found 
our mercury fo congruous to that metal, that 
it would prefently imbody with no lefs than an 
equal weight of it, and produce a pretty hard 
amalgame or mixture, in which the mefcury 
was fo diffufed, that the gold had quite loft 
its colour. Secondly, I fhall add what, for 
aught I know, has not been yet obferved, that 
this power of penetrating gold and growing 
hot with it, is fo inherent, not to fay radicated, 
in our mercury, that after it had been diftilled 
f om gold again and again, I found it to re- 
tain that property. And, laftly, whereas it 
may be fufpected, that this faculty may be 
quickly loft, (as that of the prepared Bononian 
{tone to receive light, has been complained of 
as not durable) I found by trial, that a fingle 
drachm of mercury, made after a certain man- 
ner, did, the third or fourth year after I had 
laid it by, grow fo hot with gold, that I feared 
it would have burnt my hand. 

Tuus far the author to his friend: but 
when he fent me the paper, he accompanied it 
with the following lines ; 

13. I have little at prefent to fay to you 
about the papers, which this fheet accompanies, 
fave that one of the chief reafons, that makes 
me backward to have the foregoing obferva- 
tions communicated to the curious, is, that I 
fear, we may thereby procure divers queries 
and perhaps requefts, (relating to this mercury) 
which I would by all: means avoid, for divers 
reafons, and particularly for this, that a great 
weaknels of that part difables me to write with 
my own hand, and f know, you will not think 
it fit I fhould, about fach a fubje&, employ 
that of an amamtuenfis. ‘ And therefore I can- 
not confent, this paper fhould go out of your 
hands, unlefs you can think on fome likely 
courfe to fecure me from trouble, and from the 
unwelcome neceflity of difobliging fome, whilft 
I endeavour to gratify others. If this precau- 
tion be ufed, I may fafely learn, by means of 
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Now dubito, quin badfenus 2 me enarrata in- 
digitataque pc “niet in te pepererint, aliquid 
amplius de hoc mercurio cognofcendt : & fateor, 
fi quid veri fubeft et, quod quidam ex probatiffi- 
mis fpagyricis de quodam auri diffolvente, quod 
affine videtur noftro, nec eo forté multé eft nobi- 
lius, tradiderunt ; exfpeétare fas fuerit, ipfifi- 
mum boc noftrum in infignem, cum in medicina, 
tum in alchymia, ufum cedere poffe. Veriwm cam 
infortunium illud, que infigniori quantitate ejus 
fui privatus, fitpatum fuerit fubitd morte operas 
toris unici, cui in eo parando penitus fidebam, 
mentem plané alienam ab iteranda tam molefta 
preparatione fenfi; maximé cum occupationes, 
migrationes, adverfa valetudo, fiudiaque gratiora 
ahorfum me traberent 5 &P licet experimenta 
quedam nen {pernenda, cum mercurio noftro per- 
atta, memorid mead non exciderint 3 cum tamen 
aa quaftionem illam, que fcriptum hoc peperit, 
non fint neceffaria, filentio ea involvam, paucula 
duntaxat annotaturus, que commemorare prope- 
modum fuiffem oblitus. Quorum primum eft, 
quod, cum folenne fit capere mercurii vulgaris 
partes quatuor, 5 vel 6, imo 8 vel 10, ad a- 
malgama faciendum cum una parte auri, etiam 
tum, quando utrumque incalutt igne ; ego aded con- 
gruum deprebenderim cum metallo illo mercuriuzs 
noftrum, ut non minus quam equale illius pondus 
intimé fiatim pervaderet, fatifque durum amal- 
gama cramave proauceret, in quo adeo diffufus 
erat mercurius, ut aurum colorem fuum penitus 
amitteret. Secundum eft, (quod bactenus obfer- 
vatum fuilfe baud putem,) vim {cil. hance; aurum 
penetrandi, cumque eo incalefcendi, mordicies aded 
inberere mercurio noftro, ne dicam ita in eo ra- 
dicatam effe, ut poftquam iterum atque iterum ab 
auro effet diftillatus, proprietatis illius tenacem 
eum deprebenderim. Et denique, cium fufpicio 
inceffere lectorem poffit, facultatem hanc citi des 
perdi, (ut de preparato ad bauriendam lucem 
lapide Bonontenfi queruntur authores) expertun- 
do didici, unicam drachmam mercurii, certo 
modo parati, po tertium quartimve & quo 
fepofuerum annum aded cum auro incaluiffe, ut 
ne aaureret manum meam, timerem. 


Hactenus author nofter ad amicum fuum: 
fea citm mibi chartas illas mitteret, voluit eas 
fequenti mantif[a locupletare ; 

Non diu te morabor differendo de chartis bic 
junttis : dicainm folummodd, unam ex precipuis 
rationibus, que in vulgandis pregrefis obferva- 
tionibus cuntlabundum me factunt, banc effe, 
quod vereor, nos hoc ipfo variis circa mercurium 
hunc quaeftionibus &S forte follicitationibus anfam 
daturos, quas omni ftudio precavere velim, cum 
ob alias, tum hanc ob caufam, quod magna ma- 
nuum mearuns debilitas me impedit, quo minus 
meamel manu id confignare literis valeam, quod 
confcribi amanuenfis opera confultum baud judi- 
caverts, Proindéque comedere haud poffum, 
fcriptum boc é manibus tuis dimitti, nifi ratio- 
nem fuggeras probabilem, qua fecurum me pref- 
tes 4 moleftia, atque ab ingrata necefiitate repul- 
fam dandi nonnullis, dum aliis obfecundare fius 
deo. Hac cauteld ft utaris, potero amplifime 
tue confuetudinis beneficio citra molefiam edo- 
ceri, quid it, qui tamté peritiad tantoque judicio 

valent, 
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your diffufed acquaintance, what thofe, that are 
fkilftil and judicious enough to deferve to be 
much confidered in fuch an affair, will think of 
our mercury, and whether, in cafe they have 
an efteem of it approaching to that of divers 
eminent chemifts (fome of which importune 
me to impart it ;} they judge the good, that 
the preparations of it (fuch as precipitats and 
turbiths of divers kinds, mercurius dulcis, ci- 
naber made of the fulphur of antimony, and 
With gold, &c.) may do in phyfick, is likely 
much to exceed the political inconveniencies, 
that may enfue, if it fhould prove to be of the 
beft kind, and fallinto ill hands. The know- 
ledge of the opinions of the wife and fkilful 
about this cafe will be requifite to affift me to 
take right meafures in an affair of this nature. 
And, till I receive this information, I am ob- 
liged to filence. 

14. ONLY, in the mean while, J fhall, for 
the fake of the enquiries into the mercurial ar- 
cana, make bold to add a fecret, which, I think, 
will to divers philalethifts and other ftudents of 
the chemical philofophers books feem a para- 
dox, if not an untruth ; namely, that a mercu- 
Ty, qualified to heat with gold, and perhaps 
with other powders, may be made by more 
ways than one or two ; experience having af- 
fured me (whatever authorities or theories may 
be urged to the contrary) that fuch a mercur 
may be (I fay not, eafily or{peedily, but fuccefs- 
fully) prepared, not only by employing anti- 
mony and folid metals, as mars, but without 
any fuch metal ae all, or fo much as antimony 
atfelf. 

15 Here I purpofed to conclude: but, be- 
caufe I am, as you know, very averfe (which } 
declare myfelf to be on this occafion alfo) from 
making any promife to the publick, I think fit 
in this place to give you an advertifement, and 
obviate 2 fcruple. I fhall therefore admonifh 
thofe inquifitive Spagyrifts, that may be defi- 
rous to try, whether their purified mercury be 
incalefcent, that they be not too hafty to con- 
clude it is not fo; nor to reject it, unlefs they 
have made the trial with gold duly prepared. 
For I have found, that my mercury did not 
grow hot with the {malleft filings of gold I 
could make (though indeed within a few hours 
after it did, without the help of fire, imbody 
with it into a hard amalgama,) which argued, 
that the corpufcles of the metal were not yet 
fmall enough to be fuddenly penetrated by the 
quickfilver : nor will every calx of gold ferve 
our turn, as I have found by employing, with- 
out fuccefs, a very fine and fpongy calx made 
after an uncommon way, the golden particles 
having, as it feemed, fome extremely fine, 
though unobferved duft of the additament 
fticking to them, which hindered the adhzfion 
of the mercurial ones, Now, the calx of gold, 
that I moft ufed, as finding it ftill to do well, 
was that made by quartation *, as alchemitfts 
call it. But becaufe it is not fo eafy, as even 
chemifts, that have not tried, imagine, to make 

| good 
- * That is, by melting together one part of fine gold, and 
three or four parts of cuppelled filver, and then putting 
the mafs, wherein the metals are mixed, almoft per minima, 


into purified aqua-fortis, which diffolving the filver only, 
leaves the gold in the. form of a fine calx. 


valent, ut in hoc megotio magni fieri mereantur, 


de mercurio noftro fentiant ,; adbec utrum, fi 
afimationem de eo foveant illi fupparem, quam 
precellentium chymicorum complures ( quorum 
nonnulli me urgent ad eum communicandum) 
pre fe ferunt, verifimile cenfeant, utilitatem, 
quam preparationes ipfius (cujufmodt funt pre- 
cipitata {8 turbithi diverforum generum, mers 
curius dulcis, cinnabaris ex antimonio €F auro 
cum parata, Sc. ) afferre poffint rei medica, 
longé fuperaturam effe incommoda illa politica, 


que nafcitura forent, fe forte de preftantiffima- 


effet indole, atque in maleferiatas manus incide- 
ret, Sapientum {F peritorum hoc in cafu opi- 
ntones cognofcere, neceffarium wmibi fuerit, ut 
recto tramite in ifttufmoai negotio incedere mi- 
bi detur. Aique, donec edottus id fuero, filen- 
tit facra colere teneor. 


INTERIM in eorum gratiam, qui arcana 
mercurialia fcrutantur, fubjungere aufim fecre- 
tum aliquod, quod philalethis compluribus, aliif 
gue, qut chymicorum pbhilofophorum libris me- 
ditandis incumbuat, paradoxum, quin €&8 falfum 
forté videbitur ; mercurium ftil. ad incalefcen- 
dum cum auro aliifve pulveribus idoneum, mo- 
dis uno binéve pluribus parari poffe ; cim per 
experientiam certo mibi conftet, (quicquid in con- 
trarium obtendant authoritates &§ theoria) ta- 
lem mercurium poffe, (non dicam facilé pro- 
peréve, fed cum fucceffu) parari, non modd 
antimonium foliddque metalla, puta martem, (Fé. 
adbibendo, fed citra ullius omuino metalli, quin 
vel ipfius antimonit, ufum. 


Hic ftatueram finem huic fermoni imponere : 
at cum egerrimé, ut nofti, tum alias, tum bae 
imprimis occafione, promiffi fiaem publico obftrin- 
gam, vifum eft mibi boc loco monitum aliquod 
fuggerere, &F fcrupulo cuidam obviam ire. Pri- 
us quod attinet, curtiofos illos Spagyricos, quos 
forté tentandi cupido incefferit, fitne purgatus 
ipforum mercurius incalefcendi qualitate inftruc- 
us, monebo, ne nimis feftinantur concludant ip- 
fum ea preditum non effe, néve eum rejiciant, 
nifi experimentum fecerint cum auro rite prepas 
vato. Comperi quippe, mercurium meum non 
incalefcere cum ramentis auri, omnium quas cone 
ficere poteram minimis, (quanquam revera intra 
paucas exinde horas, fine ignis adminiculo, cum 
ipfo in durum amalgama confiaretur ,) q10d ar- 
gumento erat, metalli illius corpufcula necdum 
exigua fatis fuiffe, ut properé a mercurio pene- 
trarentur : neque quevis auri calx rem noftram 
conficiet ; ut comperi, dum perquam fubtilem 


' fpongiofamque calcem, modo.non vulgari paratam, 


citra fucceffum adbibut, in qua, ut videtur, ap- 
primé tenuis fenfumque fugiens adaitamenti pul- 
vis adbarebat particulis aureis, F mercurialium 
adbefionem prepediebat. ‘Fam verde calx aurt, 
qua plerumque utebar fuccelfu ejus indudus, illa 
erat, que quartationis T (ut vocant ) beneficio pa- 
ratur. At quia non aded facile oft, ut ipfi chy- 
Mii, qui manum operi non admoverunt, fibi ima- 
ginantur, bone note calces auri parare, cumque 

in 


+ Hoc eff, per fufionem conflando unam partem aurt pur, 
&9 tres quatuérve partes argenti cupellati, ut vocant, iF 
tunc intmittendo maffam, in qua metalla mifcentur quafs per 
minima, in purgatam aquam fortem, que folum argentum 
diffolvens, aurum in forma calcis relinquit. 
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good calces of gold, and that in the way new- 
ly mentioned, there needs fufion of gold and 
of filver (for which many chemifts want con-. 
veniencies, ) and they are often impofed on by 
common resiners, who here ufually fell in wires 
fuch filver for fine (which indeed it is compa- 
ritively,) as I have found not to be without 
mixture; I fhall add, that by making an amal- 
gama, the common way, with pure gold and 
vulgar mercury, and diffolving the mercury 
in good aqua-fortis, there will remain a powder, 
which, being well wafhed with fair water to 
dulcify it, and kept a while in a. moderate 
fire to dry it thoroughly without melting it, 
will become a calx, which I have more than 
once ufed with our mercury with good fuccefs. 
It is true, both in this way and in that (by quar- 
tation) aqua-fortis, which is a.corrofive liquor, 
is employed to bring the gold to powder, and 
therefore in a diffident mind fome fufpicion may 
arife, that the incalefcence may proceed only 
from the action of the acid particles of the 
menftruum, which yet adhering to the cor- 
pufcles of the gold works upon the quickfilver, 
as aqua-fortis is known to do: but, to omitthofe 
anfwers, that cannot be given in few words, 
after 1 have taken notice, that, if the effect de- 
pends not on our mercury (as prepared) but 
only on the calx, it appears not, why this 
fhould not grow hot with common. mercury, 
as well as with ours ; I fhall need to add, for 
the removal of this fubtile fcruple, no more 
than this plain experiment, (which I twice .or 
thrice made,) namely, that taking, inftead of a 
calx of gold, a competent number of leaves of 
gold, fuch as book-binders and the apothecaries 
ule, this gold, that was without the help of {alts 
reduced by beating to a fufficient thinnefs (info- 
fomuch that feventy odd leaves did not weigh 


a {cruple,} I found (more than once) upon put- 


ting two or three times the weight of our mer- 
cury to them, that a {mart heat was prefently 
produced in my hand. | 
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in methodo jamjam memorata requiratur fufie au- 
ri &F argenti (cujus peragende commoditate non 
pauci chymici deftituuntur,) chim etiam crebré 
& vulgaribus metallorum purgatoribus fallantur, 
qui bic pafim, filorum forma, ejufmodi argen- 
tum pro puro venditant (quale, comparaté [o- 
quendo, revera ef,) quod non effe mixture ex- 
pers deprebendt ; adjiciam, quod, dum communi: 
more amalgama conficitur cum auro puro EF mer- 
curio vulgari, mercuriufque diffolvitur bond a- 
qué forti, remanfurus fit pulvis, qui cum aqua 
pura, ad conciliandam ei, quam vocant, dulce- 
dinem, probe elotus, &S aliquandiu in temperate 
igne, ad eum penitus exiccandum citra fufionem, 
affervatus, talem calcem prebebit, qud pluries 
cum mercurio noftro feliciter ufus fui.  Fateor 
equidem, tum in bac methodo, tum in illa, que 
infittuttur per quartationem, adbiberi aquam 
fortem, liquorem fcil. corrofivum, ad aurum in 
pulverem redigendum, unde fcrutanti genio fub- 
oriri fufpicio poterit, incalefcentiam illam foli 
attioni acidarum particularum menftrui accep- 
tam ferendam effe, quod berens etiamnum auri 
corpufculis, in mercurium operetur, folenni aque 
fortis more. Verum, (ut eas re{ponfiones fileam, 
que paucis tradi non poffunt,) poftquam netavi, 
quod, fi effetius hic non dependet 4 mercurio nof- 
tro (rité preparato,) fed a fola calce, non pa- . 
teat, quare bec non incalefcat «qué cum mercu- 
rio vulgari ac noftro ; opus baud fuerit, alind 
quicquam ad fcrupulum hune eximendum,.quam 
obvium hoc experimentum, quod fequitur, quod- 
que bis térve a me paratium fuit, adjicere: 
fumpft, inquam, calcis auri loco, fufficientem nu- 
merum foliorum auri, qualibus utuntur bibliope- 
gi {9 aurifabri; boc aurum, quod citra falium 
opem tundendo redatium erat ad tenuitatem fuffi- 
cientem (adeo ut ultra feptuaginta folia vix uni- 
us fcrupuli pondus equarent,) hoc, inquam, au- 
rum comperi (und vice pluries,) cum binum tri- 
numve mercurit noftri pondus ipft commifcerem, 
infignem in manu mea calorem mox peperiffe. 


ABOUT THE 


MECHANICAL ORIGIN OR PRODUCTION 


OF 


Divers Particular QUALITIES: 


Among which is inferted 


A Difcourfe of the IMPERFECTION of the 
CHEMIs‘T’s Dottrine of QUALITIES; 


TOGETHER WITH 


Some REFLECTIONS upon the HYPOTHESIS of 
ALKALI and AcIDU™M. 
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‘The PUBLISHER to the READER. 


T O keep the reader from being at all fur- 
prized at the date of the title-page, I 
muft inform him, that a good part of 
the enfuing tracts were printed off, and in my 
cuftody the laft year ; and the reft had come 
out with them divers months ago, if the noble 
- author had not been hindered from committing 
them totheprefs by thedefire and hope of being 
able in a fhort time to fend them abroad more 
. Numerous, and by his being hindered to do fo, 
partly by remove, partly by the want of fome 
papers, that were oddly loft or fpoiled, and 
partly by the ficknefs of himfelf, and divers of 
his near relations. And fome of thefe impedi- 
ments do yet fupprefs what the author intended 
Should haye made a part of the book, which 
now he fuffers to be publifhed without them, 
though divers of his papers about fome other 
particular: qualities have been written fo long 
ago, as to have lain for many years neglected 
among other of his old writings : which that 
he may have both leifure and health to review 
and fit for publication, is the ardent wifh of 
the fincere lovers of real knowledge, who have 
reafon to look on it as no mean proof of his 
conftant kindnefs to experimental philofophy, 
that in thefe tra¢ts he perfeveres in his courfe 
of freely and candidly communicating his ex- 

Vor. IIL. | 


periments and obfervations to the publick, not- 
withftanding the liberty, that hath been too 
boldly taken to mention them as their own 
by later writers 5 as particularly by the com- 
piler of the treatrfe, entitled Polgraphice, 
who m two chapters hath allowed himfelf to 
prefent his reader with above fifty experiments, 
taken out of our author’s book of colours, 
without owning any of them to him, or fo 
much as naming him or his book in either of 
thofe chapters, nor, that I remember, in any of 
the others. Nor did1 think this pra¢tice juf- 
tified by the confeffion made in the preface, 
importing, that the compiler had taken the 
particulars he delivered from the writings of 
others. For this general and perfunctory ac- 
knowledgement neither doth right to particu- 
Jar authors, nor, by naming them, enables the 
reader to know, whether the things delivered 
come from perfons fit to be credited or not; 
and therefore, fince it is but too likely, that 
fuch concealment of the names, if not ufur- 
pation of the labours of the benefactors to 
philofophy, will prove much more forbidding 
to many others to impart their experiments, 
than as yet they have to our generous author ; it 
feerms to be the intereft of the commonwealth 
of learning ‘openly to difcountenance fo dif- 
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couraging a practice; and to fhew, that they 
do not think it fit, that poffeflors of ufeful 
pieces of knowledge fhould be ftrongly tempted 
to envy thern to the publick, to the end only 
that a few compilers fhould not be put upon fo 
reafonable and eafy a work, as by a few words 
or names to fhew themfelves juft, if not 
crateful. 

But not to keep the reader any longer 
from the perufal of: thefe tracts themfelyes, I 
fhall conclude with intimating only, that what 


our author faith in one of them concerning the 
infufficiency of the chemical hypothgfis for ex- 
plaining the effects of nature, is nat at all in- 
tended by him to derogate from the fober pro- 
feffors of chemiftry, or to difcourage them 
from ufeful chemical operations ; forafmuch as 
I had the fatisfa¢tion, fome years fince, to fee 
in the author’s hands a difcourfe of his about the 
Ufefulnefs of Chemiftry for the Advancement of 
Natural Philofophy3> with which  aifo it is 
hoped he will ere long gratify the publick, 


ADVERTISEMENTS relating to the following 


TREATISE. 


O obviate fome mifapprehenfions, that 
may arife concerning the enfuing 


notes about particular Qualities, it’ 


may not be improper to add fomething in this 
place to what has been faid in another paper * 
in reference to thofe notes, and confequently to 
premife to the particular experiments fome 
few general advertifements about zhem. 


Anp J. we may confider, that there may 


be three differing ways of treating hiftorically 
of particular qualities. For either one may in, 


a full and methodical hiftory* profecute the 


phznomena; or one may make a collection of 
various experiments and obfervations, whence 
may be gathered divers phanomena to illuf- 
trate feveral, but not all of the heads or parts 
of fuch an ample or methodical hiftory ; or, 
in the third place, one may in a more confined 
way content one’s felf to deliver fuch experi- 
ments and obfervations of the produétion, or 
the deftruction or change of this or that qua- 
lity, as being duly reafoned on, may {uffice to 
fhew, wherein the nature of that quality doth 
confift, efpecially in oppofition to thofe erro- 
neous conceits,> that have been entertained a- 
bout it. 
treating of a quality I pretend not to have 
given any complete example; But you will 
find, that I have begun fuch hiftories in my 
fpecimens about fluidity and firmneds, and in 
the experiments, obfervations, &c. that I have 
put together about cold. The fecond fort of 
hiftorical writings I have given an inftance of 
in my experiments about colours ; but in thefe 
enfuing notes, the occafion I had to make 
them, having obliged me chiefly to have an eye 
to the difproval of the errors of the peripate- 
ticks and the chemifts about them, I hope I 
fhall not be thought to have fallen very fhort 
in my attempt, if I have (here and there) 
performed, what may be required in the third 
way of writing, hiftorically of a quality; my 
prefent defign being chiefly to give an intelli- 
gent and hiftorical account of the poffible me- 
chanical origination, not of the various phe- 
nomena of the particular qualities fuccinétly 
mentioned in thefe notes; though my fecon- 
dary end being to become a benefactor to the 
hiftary of qualities by providing materials for 
mylelf or better architeéts, I have not fcru- 


Of the firft of thefe three ways of 


es 


pled to add to thofe, that tend more direétly 
to’ difcover the nature or effence of the quality 
treated of, and to derive it from mechanical 
principles, fome others (which happened to 
come in my way) that acquaint us but with 
fome of the lefs luciferous phasnomena. 

Il. TuHatT you may not miftake what is 
driven at jn many of the experiments and rea- 
fonmgs delivered’ or propofed im the enfuing 
notes about particular qualities, I muft defire 
you to take notice with me, what it is, that J 
pretend to offer you fome proofs of. For if [I 
took upon me to demonftrate, that the qua- 
lities of bodies cannot proceed from (what the 
fchools call) fubftantial forms, or from any 
other caufes' but mechanical, it might be rea- 
fonably enough expected, that my argument 
fhould direétly excludethem all. But fince, in 
my explications of qualities, I pretend only, 
that they may be explicated by mechanical 
principles, without enquiring, whether they 
are explicable by any other; that, which [I 
need to prove, is; not that mechanical princi- 
ples are the neceffary and only things, whereby 
qualities may be explained, but that probably 
they will be found fufficient for their explica- 
tion. And fince thefe are confeffedly more 
manifeft and more intelligible, than fubftantial 
forms and other {cholaftic entities (if I may fo 
call them) itis obvious, what the confequence 
will be of our not being obliged to have re- 
courfe to things, whofe exiftence is very dif- 
putable, and their nature very obfcure. 
_ THERE are feveral ways, that may be em- 
ployed, fome on one occafion, and fome on 
another, either more directly to reduce qua- 
lities (as well as divers other things in nature) 
to mechanical principles; or, by fhewing the 
iniufficiency of the Peripatetick and chemical 
theories of qualities, to recommend the Cor- 
pufcularian doétrice of them. 

For further illuftration of this point, I thall 
add on this occafion, that there are three dif 
tinct forts of experiments (befides other proofs) 
that may be reafonably employed, (though 
they be not equally efficacious) when we treat 
of the origin of qualities. For fome inftances 
may be brought to fhew, that the propofed 
quality may be mechanically introduced into a 


portion of matter, where it was not before. 
Other 


* See Traéts about Cofmical Qualities, &c, to which is prefixed an Introduction to the Hiftory of Particular Qualities, 
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Other inftances there may be to fhew, that by 
the fame means the quality may be notably va- 
ried as to degrees, or other not effential attri- 
butes. And by fome inftances alfo it may ap- 
pear, that the quality is mechanically expelled 
from, or abolifhed in, a portion of matter, 
that was endowed with it before. Sometimes 
alfo by the fame operation the former quality 
is deftroyed, and a new one isproduced. And 
each of thefe kinds of inftances may be ufe- 
fully employed in our notes about particular 
qualities. For as to the firft of them, there 
will be fcarce any difficulty. And as to 
the fecond, fince the permanent degrees, as 
well as other attributes of qualities are faid 
to flow from (and do indeed depend upon) the 
fame principles, that the quality it felf does ; if, 
efpecially in bodies inanimate, a change barely 
mechanical does notably and permanently alter 
the degree or other confiderable attribute ; it 
will afford, though not a clear proof, yet a 
probable prefumption, that the principles, where- 
on the quality it felf depends; are mechanical. 
And laftly, if, by a bare mechanical change 
of the internal difpofition and ftructure of a 
body, a permanent quality, confeffed to flow 
from its fubftantial form, or inward principle, 
be abolifhed, and, perhaps, alfo immediately 
fucceeded by a new quality mechanically pro- 
ducible ; if, I fay, this come to pafs in a body 
inanimate, efpecially, if it be alfo, as to fenfe 
fimilar, fuch a phenomenon will not a little 
favour that hypothefis, which teaches, that 
thefe qualities depend upon certain contextures, 
and other mechanical affections of the {mall 
parts of the bodies, that are endowed with 
them, and confequently may be abolifhed when 
that neceflary modification is deftroyed. ‘This 
is thus briefly premifed to fhew the pertinency 
of alledging differing kinds of experiments 
and phenomena, in favour of the corpufcular 
hypothefis about qualities. 

Wuart has been thus laid down, may, I 
hope, facilitate and fhorten moft of the remain- 
ing work of this preamble, which is to fhew, 
though but very briefly, that there may be {fe- 
veral ways, not impertinently employable to 
recommend the corpufcularian do¢trine of qua- 
lities. 

For firft, it may fometimes be fhewn, that 
a fubftantial form cannot be pretended to be 
the neceffary principle of this or that quality ; 
as will, for inftance, hereafter be made mani- 
feft in the afperity and fmoothnefs of bodies, 
and in the magnetical virtue, refiding in a piece 
of iron, that has been impregnated by a load- 
ftone. It is true, that the force of fuch in- 
{tances is indirect, and that they do not ex- 
prefly prove the hypothefis, in whofe favour 
they are alledged; but yet they may do it good 
fervice, by difproving the grounds and con- 
clufions of the adverfaries, and fo (by remov- 
ing prejudices) making way for the better en- 
tertainment of the truth. 

SECONDLY, we may fometimes obtain the 
fame, orthe like quality, by artificial and fome- 
times even temporary compofitions, which, be- 
ing but factitious bodies, are by learned adver- 
faries confeffed, not to have fubftantial forms, 
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and can indeed reafonably be prefumed to 
have but refulting temperaments: as will be 
hereafter exemplified in the production of green 
by compounding blue and yellow, and in the 
electrical faculty of glafs; and in the tempo- 
rary whitenefs produced by beating clear oil 
and fair water into an ointment, and by beat- 
ing water into a froth, and, more permanently, 
in making coral white by flawing it with heat; 
and in divers other particulars, that will more 
properly be elfewhere mentioned. 

THIRDLy then, in fome cafes the quality: 
propofed may be either introduced, or varied, 
or deftroyed, in an inanimate body, when no 
change appears to be made in the body, except 
what is mechanical, and what might be pro- 
duced in it, fuppofing fuch a parcel of matter 
were artificially framed and conftituted as the 
body is, though without any fubftantial form, 
or other fuch Jike internal principle. So when 
a piece of glafs, or of clarified rofin, is, by be- 
ing beaten to powder, deprived of its tran{pa- 
rency, and made white, there appears no 
change to be made in the pulverized body, but 
a commiunution of it into a multitude of cor- 
pufcles, that by their number, and the various 
fituations of their furfaces are fitted copioufly 
to reflect the fincere light feveral ways, or 
give fome peculiar modification to its rays; 
and hinder that free paffage of the beams of 
light, that is requifite to tranfparency: 

Four THLY, asin the cafes belonging to 
the foregoing number there appears not to in- 
tervene in the patient or fubject of the change, 
any thing but a mechanical alteration of the 
mechanical ftructure or conftitution ; fo in fome 
other cafes it appears not, that the agent, whe- 
ther natural or factitious, operates on the pa- 
tient, otherwife than mechanically, employing 
only fuch a way of acting, as may proceed from 
the mechanifm of the matter, which itfelf con- 
fifts of, and that of the body it a¢ts upon. As 
when goldfmiths burnifh a plate or veffel of 
filver, that having been lately boiled looked 
white before, though they deprive it of the 
ereateft part of its colour, and give it a new 
power of reflecting the beams of light and vifi- 
ble objects, in the manner proper to fpecular 
bodies; yet all this is done by the interven- 
tion of a burnifhing tool, which often is buta 
piece of fteel or iron conveniently fhaped ; and 
all that this burnifher does, is butto deprefs 
the little prominencies of the filver, and res 
duce them, and the little cavites of it, to one 
phyfically level or plain fuperficies. And fo 
when a hammer ftriking often on a naiJ, makes 
the head of it grow hot, the hammer is but a 
purely mechanical agent, and works by local 
motion, And when by ftriking a lump of 
glafs, it breaks it into a multitude of {mall 
parts, that compofe a white powder, it acts as 
mechanically in the production of that white- 
nefs, as it does in driving in anail to the 
head. And fo likewife, when the pow- 
dered glafs, or colophony lately mentioned, is, 
by the fire, from a white and opacous ‘body, 


‘reduced into a colourlefs (or a reddifh) and 


tranfparent one, it appears not, that the fire, 
though a natural agent, need work otherwife 
: 2 than 
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than mechanically; by colliquating the incohe- 
rent grains of powder into one mafs; where- 
in, the ranks of pores not being broken and in- 
terrupted as before, the incident beams of light 
are allowed every way a free paflage through 
them. 

Fir tuHuy, the like phenomena to thofe of 
a quality to be explicated, or at leaft as diffi- 
cult in the fame kind, may be produced in bo- 
dies and cafes, wherein it is plain we need not 
recur to fubftantial forms. Thus a varying 
colour, like that, which is admired in a pigeon’s 
neck, may be produced in changeable taffety, 
by a particular way of ranging and connecting 
filk of feveral colours into one piece of ftuff. 
Thus we have known opals cafually imitated 
and almoft excelled by glafs, which luckily de- 
generated in the furnace. And fomewhat the 
like changeable and very delightful colour I 


remember to have introduced into common 


giafs, with filver, or with gold and mercury. 


So likewife merely by blowing fine cryftal- 
glafs, at the flame of a lamp, to a very extraor- 
dinary thinnefs, we have made it to exhibit, 
and that vividly, all the colours (as they {peak) 
of the rainbow ; and this power of pleafing by 
diverfifying the light, the glafs, if well pre- 
ferved, may keep fora longtime. Thus alfo 
by barely beating gold into fuch thin leaves, as 
artificers and apothecaries are wont to employ, 
it will be brought to exhibit a green colour, 
when you hold it againft the light, whether of 
the day, or of a good candle; and this kind 
of greennefs, as itis permament in the foliated 
wold, fo I have found by trial, that if the fun- 
beams, fomewhat united by a burning-glafs, be 
trajected through the expanded leaf, and caft 
upon a piece of white paper, they will appear 
there, as if they had been tinged in their paf- 
fage. Nay, and fometimes a flight and almoft 
momentary mechanical change will feem to 
over-rule nature, and introduce into a body 
the quite oppofite quality to that fhe had given 
it: as when a piece of black horn is, only b 
being thinly fcraped with the edge of a knife, 
or a piece of glafs, reduced to permanently 
white fhavings. And to thefe inftances of 
colours, fome emphatical, and fome perma- 
nent, might be added divers belonging to 
other qualities, but that I ought not to antici- 
pate what you will elfewhere meet with. 
THERE is yet another way of arguing in 
favour of the Corpufcularian doétrine of qua- 
lities, which, though it co not afford direct 
proofs of its being the beft hypothefis, yet it 
may much ftrengthen the arguments drawn 
from other topicks, and thereby ferve to re- 
commend the doétrine itfelf. For, the ufe of 
an hypothefis being to render an intelligible ac- 
count of the caufes of the effeéts, or phzno- 
mena propofed, without croffing the laws 
of natute, or other phenomena; the more 
numerous, and the more various the particles 
are, whereof fome are explicable by the affigned 
hypothefis, and fome are agreeable to it, or, 
at leaft, are not diffonant from it, the more 
valuable is the hypothefis, and the more likely 
to be true. For it is much more difficult, to 
find an hypothefis, that is not true, which will 
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fuit with many phenomena, efpecially, if they 
be of various kinds, than but with’ a few. 
And for this reafon, I have f-t down among 
the inftances belonging to particular qualities, 
fome fuch experiments and obfervations, as 
we are now {peaking of, fince, although they 
be not ditect proofs of the preferablenefs of 
our doctrine, yet they may ferve for confir- 
mation of it ; though this be not the only, or 
perhaps the chief reafon of their being men- 
tioned. For, whatever they may be as argu- 
ment, fince they are matters of fact, I thought 
it not amifs to take this occafion of ‘preferving 
them from being loft; fince, whether or no 
they contribute much to the eftablifhment of 
the mechanical doctrine about qualities, they 
will, at leaft, contribute to the natural hiftory 
of them. 

Iif. I fhall not trouble the reader with a 
recital of thofe unlucky accidents, that have 
hindered the fubjects of the following book 
from being more numerous; and I hope he 
will the more eafily excufe their paucity, if 
he be advertifed, that although the particular - 
qualities, about which fome experiments and 
notes, by way of f{pecimens, are here prefented, 
be not near half fo many as were intended ta 
be treated of ; yet I was careful to choofe them 
fuch as might comprehend in a fmall nu. :ber 
a great variety ; there being fcarce one fort of 
qualities, of which there is not an inftance 
given in this fmall book, fince therein experi- 
ments and thoughts are delivered about heat 
and cold, which are the chief of the four firft 
qualities ; about taftes and odours, which are 
of thofe, that, being the immediate objects 
of fenfe, are wont to be called fenfible qua- 
lities ; about volatility and fixity, corrofivenefs 
and corrofibility, which, as they are found in 
bodies purely natural, are referable to thofe 
qualities, that many phyfical writers call fecond 
qualities, and which yet, as they may be pro- 
duced and deftroyed by the chemifts art, may 
be ftiled chemical qualities, and the fpagyrical 
ways of introducing, or expelling them, may 
be referred to chemical operations, of which 
there is given a more ample fpecimen in the 
mechanical account of chemical precipitations. 
And laftly, fome notes are added about mag- 
netifm and electricity, which are known to be- 
Jong to the tribe of occult qualities. 

IV. Ir a want of apt coherence, and exact 
method, be difcovered in the following effays, 
it is hoped, that defect will be eafily excufed 
by thofe, that remember and confider, that 
thefe papers were originally little better than a 
kind of rhapfody of experiments, thoughts, 
and obfervations, occafionally thrown together 
by way of annotations upon fome paflages of 
a difcourfe, (about the differing parts and re- 
dintegration of nitre) wherein fome things 
were pointed at, relating to the particular qua- 
lities, that are here more largely treated of. 
And though the particulars, that concern 
fome of thefe qualities, were afterwards (to 
fupply the place of thofe borrowed by other 
papers whilft thefe lay by me) encreafed in 
number ; yet it was not to be expected, that 
their acceffion fhould as well correct the form 
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as augment the matter of our annotations. 
And as for the two tracts, that are inferted 
among thefe effays about qualities; I mean, 
the difcourfe of the imperfection of the che- 
mical doétrine of them, and the reflections on 
the hypothefis of acidum and alcali, the occa- 
fion of their being made parts of this book, is 
fo far expreffed in the tracts themfelves, that 
I need not here trouble the reader with a par- 
ticular account of it. 

V. I do not undertake, that all the follow- 
ing accounts of particular qualities would prove 
to be the very true ones, nor every explication 
the beft, that can be devifed. For befides that 
the difficulty of the fubjeét, and incompleat- 
nefs of the hiftory we yet have of qualities, 
may well deter a man, lefs diffident of his 
own abilities than I juftly am, from affuming 
fo much to himfelf, it is not abfolutely necef- 
fary to my prefent defign. For, mechanical 
explications of natural phenomena do give fo 
much more fatisfaétion to ingenious minds, 
than thof+, that muft employ fubftantial forms, 
fympathy, antipathy, &c. that the more ju- 
dicious of the vulgar philofophers themfelves 
prefer them before all others, when they can 
be had ; (as is elfewhere fhewn at large,) but 
then they look upon them either as confined 
to mechanical engines, or at leaft, but as 
reaching to very few of nature’s phenomena, 
and, for that reafon, unfit to be received as 
phyfical principles. To remove therefore this 
grand prejudice and objection, which feems to 
be the chief thing, that has kept off rational 
inquiries from clofing with the mechanical phi- 
lofophy, it may be very conducive, if not fuf- 
ficient, to propofe fuch mechanical accounts of 
particular qualities themfelves, as are intelli- 
gible and poffible, and are agreeable to the 
phenomena whereto they are applied. And 


to this it is no more neceffary, that the account 
propofed fhould be the trueft and beft, that 
can polly be given, than it is to the proving, 
that a clock is not acted by a vital principle, 
(as thofe Chinefes thought, who took the firft, 
that was brought them out of Europe, for an 
animal,) but acts as an engine, to do more 
than affign a mechanical ftructure made up of 
wheels, a fpring, a hammer, and other me- 
chanical pieces, that will regularly fhew and 
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{trike the hour, whether this contrivance be, - 


or be not, the very fame with that of the par- 
ticular clock propofed ; which may indeed be 
made to move either with fprings or weights, 
and may confift of a greater or leffer number of 
wheels, and thofe differingly fituated and con- 
nected ; but for allthis variety, it will ftill be 
but an engine. I intend not therefore by pro- 
pofing the theories and conjectures ventured at 
in the following papers, to‘debar myfelf of the 
liberty either of altering them, or of fubfti- 
tuting others in their places, in cafe a further 
paca in the hiftory of qualities fhall fuggeft 

etter hypothefes or explications. “And it was 
but agreeable to this intention of mine, that I 
fhould, as I have done, on divers occafions in 
the following notes, employ the word or, and 
exprefs mytelf fomewhat doubtingly, men- 
tioning more than one caufe of a phenomenon, 
or reafon of an opinion, without dogmatically 
declaring for either ; fince my purpofe in thefe 
notes was rather to fhew, it was not neceflary 
to betake ourfelves to the fcholaftick or che- 
mical doétrine about qualities, than to act the 
umpire between the differing hypothefes of the 
Corpufcularians ; and, provided I kept myfelf 
within the bounds of mechanical philofphy, 
my defign allowed me a great latitude in 
making explications of the phenomena I had 
occafion to take notice of. | 
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HEAT AND COLD. 


SECTION IL 
About the MucuanicaL Propuction of COLD. 


E AT and cold being generally looked 
H upon as the moft active among qua- 

lities, from which many other quali- 
ties are deducible, and by which many of na- 
ture’s phenomena, efpecially among the Peri- 
pateticks, are attempéd to be éxplicated; I 
fuppofe it will be very proper to begin with 
inftances of them to fhew, that qualities may be 
mechanically produced or deftroyed. A not ufe- 
lefs paraphrafe of which expreffion may be this, 
that a’portion of matter may come to be en- 
dowed with a quality, which it had not before, 
or to be deprived of one, that it had, or fome- 
times to acquire, or lofe a degree of that qua- 
lity ; though on the part of the matter (or, as 
fome would fpeak, of the patient) there do 
not appear to Intervene any more than a change 
of texture, or fome other mechanical altera- 
tion; and.though the agents (on their part) 
do not appear to act upon it otherwife, than 
after a mechanical manner, that is, by their 
bignefs, fhape, motion, and thofe other at- 
tributes, by virtue whereof mechanical powers 
and engines perform their operations; and 
this without having recourfe to the Peripate- 
tick fubftantial forms and elements, or the 
hypoftatical principles of the chemifts. 

Anp having here (as in a proper place) to 
avoid ambiguity, premifed once for all this 
* fummary declaration of the fenfe, agreeably 
whereunto I would have thefe terms under- 
ftood in the following notes about the origin 
of particular qualities ; I proceed now to. fet 
down fome few examples of the mechanical 
production of cold and heat, beginning with 
thofe, that relate to the former, becaufe, by 


reafon of their paucity, they will be quickly’ 
difpatched. And I hope I fhall not need to: 


make an apology for mentioning no greater 
number ; fince I fcarce remember to have met 
with any inftances of this kind in any of the 
claffick writeis of natural philofophy. 


EXPERIMENT J. 


M* firft experiment is afforded me by 
the diffolution of fal armoniac, which 
I have fomewhat wondered, that chemifts 
having often occafion to purify that falt 
by the help of water, fhould not have, long 


* See more of this in the preamble. 
printed. Numb. 15. of the Ph. Tranfad. 


fince, and publickly, taken notice of. For, 
if you put into three or four times its weight 
of water, a pound, or but half a pound (or 
even lefs) of powdered fal armoniac, and 
{tir it about to haften the diffolution, there 
will be produced in the mixture a very intenfe 
degree of coldnefs, fuch as will not be only 
very fenfible to his hand, that holds the glais 
whilft the diffolution is making, but will very 
manifeftly difcover itfelf by its operation upon 
a thermofcope. Nay, I have more than once, 
by wetting the outfide of the glafs, where the 
diffolution was making, and nimbly ftirring 
the mixture, turned that externally adhering 
water into real ice, (that was fcraped off with 
a knife) in lefs than a minute of an hour. 
And this thus generated cold continued con- 
fiderably intenfe, whilft the aétion of diffolu- 
tion lafted ; but afterwards by degrees abated, 
and within a very few hours ceafed. The 
particular pheenomena I have noted in the ex- 
periments, and the practical ufes, that may be 
made of it, I refervé for another place +, thé 
knowledge of them being not neceffary in this, 
where what I have already related, may fuffice 
for my prefent argument. 

Anp to fhew, that not only a far more in- 
tenfe degree of cold may emerge in this mix- 
ture, than was to be found in either of the 
ingredients before they were mingled, but a 
confiderable coldneis may be begun to be pro- 
duced between bodies, that were neither of 
them actually cold before they were put toge- 
ther, I will fubjoin a tranfcript of what I find 
to this purpofe among my adverfaria. 


EXPERIMENT I. 


REMEMBER, that once I hada mind 

to try, whether the coldnefs produced 

upon the folution of beaten fal armoniac in wa- 
ter might not be more probably referred to 
fome change of texture or motion refulting from 
the action of the liquor upon the falt, than to 
any infrigidation of the water made by the fud- 
den difperfion of fo many faline grains of pow- 
der, which, by reafon of their folidity, may be 
{ufpected to be actually more cold than the wa- 
ter they are put into; I therefore provided a 
glafs 


+ Divers of the phenomena &c. of this experiment were afterwards 
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efafs full of that liquor, and having brought it 
to fuch a temper, that its warmth made the 
{pirit of wine in the fealed weather-glafs, mani- 
feftly, though not nimbly, afcend; I took out 
the thermofcope, and laid it in powdered fal 
armoniac, warmed beforehand; fo that the 
tincted liquor was made to afcend much nim- 
blier by the falt than juft before by the water; and 
having prefently removed the inftrument tnto 
that liquor again, and poured the fomewhat 
warm {fal armoniac into the fame, I found, as I 
imagined, that within a {pace of time, which I 
gueited to be about half a minute or lefs, the 
fpirit of wine began haftily to fubfide, and 
within a few minutes fell above a whole divi- 
ficn and a quarter below the mark at which it 
ftood in the water, before that liquor or the 
falt were warmed. Nor did the fpirit in a 
ereat while re-afcend to the height,which it had, 
when the water was cold. 

Tue fame experiment, being at another time 
reiterated, was tried with the like fucccls ; 
which fecond may therefore ferve for a con- 


firmation of the firft.] 
EXPERIMENT IIL. 
Hi ING a mind likewife to fhew fome 


ingenious men, how much the produc- 
tion of heat and cold depends upon texture and 
otner mechanical affections, I thought fit to 
make again a fal armoniac by a way | formerly 
publifhed, that I might be fure to know what 
ingredients 1 employed, and fhew their effects, 
as well before conjunction as after it. I took 
then fpirit of falt, and fpirit of fermented, or 
rather putrified urine ; and having put a fealed 


weather-glafs into an open veffel, where one of. 


them was poured in, I put the other, by de- 
erees, toit, and obferved, that as, upon their 
mingling, they made a great noife with many 
bubbles, fo, in this conflict, they loft their former 
coldnefs, and impelled up the fpirit of wine in 
the fealed thermofcope: Then flowly evapo- 
rating the fuperfluous moifture, I obtained a 
fine fort of fal armoniac, for the moft part fi- 
gured not unlike the other,when being diffolved 
and filtrated, it is warily coagulated. This new 
fale being gently dried, I put into a wide glafs 
of water, wherein I had before placed a fealed 
weather-glafs, that the included fpirit might 
acquire the temper of the ambient liquo¥, and 
having, ftirred this falt in the water, though I 
took it then off the mantle-tree of a chimney, 
-that had had fire in it divers hours before, it 
did, as I expected, make the tincted fpirit ha- 
{tily fubfide, and fall confiderably low. 


EXPERIMENT IV, 


INCE, if two bodies, upon their mixture, 
acquire a greater degree of cold than either 
of them had before, there is a production of this 
additional degree of that quality, it will be pro- 
per to add, on this occafion, the enfuing expe- 
riment. . 
We took a competent quantity of acid fpirit 
diftilled from roch-allom, (that, though retti- 
fied, was but weak,) which, in the fpirit of that 


falt, 1s not ftrange. Of this we put into a wide- 
mouthed glafs (that was not great) more than 
was fuficient to cover the globulous part of a 
good fealed thermofcope, and then fuffering the 
inftrument to ftay a pretty while in the liquor, 
that the {pirit of wine might be cooled, as much 
as the ambient was, we put in, little by little, 
fome volatile falt fublimed from fal armoniac 
and a fixed alcali, and notwith{tanding the ve- 
ry numerous (but not great) bubbles, and the 
noife and froth that were produced, as is ufual 
upon the re-action of acids and alcalies, the 
tincted {pirit in the weather-glafs, after having 
continued a good while at a ftand, began a 
little to defcend, and continued (though but 
very flowly) to do fo, till the fpirit of allom 
was glutted with the volatile falt ; and this de- 
{cent of the tinéted liquor in the inftrument 
being meafured, appeared to be about an inch 
(for it manifeftly exceeded feven eighths.) By 
comparing this experiment with the firft part of 
the foregoing, we may gather, that when vo- 
latile and urinous falts or fpirits (for the faline 
particles appear fometimes in a dry, and fome- 
times in a liquid form) tumultuate upon their 
being mixed with acids, neither the heat nor 
the cold, that enfues, 1s produced by a conflict 
with the acids precifely as it 1s acid, fince we 
have feen, that an urinous fpiric produced an 
actual heat with fpirit of falt, and the diftilled 
falt of fal armoniac, which is alfo urinous, with 
the acid fpirit of roch-allom, produces not a 
true effervefcence, but a manifeft coldnefs: as 
the fame falt alfo did in a trial of another fort, 
which was this. 


EXPERIMENT VV. 


E, took one part of oil of vitriol, and 
fhaking it into twelve parts of water 
we made.a mixture, that at firft was fenfibly 
warm: then fuffering this to cool, we put a 
fufficient quantity of it into a wide mouthed 
glafs, and then we put a good thermofcope her- 
metically fealed, above whofe ball the com- 
pounded liquor reached a pretty way. After 
fome time had been allowed, that the liquor in 
the thermometer might acquire the temper of 
the ambient; we put in, by degrees, as much 
volatile falt of fal armoniac, as would ferve to 
fatiate the acid {pirits of the mixture: for, 
though thefe two made a notable conflict with 
tumult, noife, and froth, yet it was but a cold 
ebullition (if I may fo ftile it,) for the fpirit in 
the thermofcope defcended about an inch be- 
neath the mark it refted at, when the feeming 
effervefcence began. 


EXPERIMENT VL 


T is known, that falt-petre being put into 
common water produces a fenfible coldnefs 

in it, as it alfo does in many other liquors: But 
that the fame falt put into a liquor of another 
conftitution may have a quite differing effect, 
I have convinced fome inquifitive perfons, by 
mingling eight ounces of fine falt-petre, pow- 
dered, with fix ounces of oil of vitriol: For by 
that commixture with a falt, that was not only 
actually, 
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actually, but, as to many other bodies, poten- 
tially cold, the oil of vitriol, that was fenfibly 
cold before, quickly conceived a confiderable 
degree of heat, whofe effects alfo became vifi- 
ble in the copious fumes, that were emitted by 
the incalefcent muxture. 


EXPERIMENT VIL 


HIS brings into my mind, that though 
gunpowder feems to be of fo igneous a 
nature, that, when it is put upon a coal, it is 
turned prefently into flame capable of promot- 
ing the deflagration of the charcoal, and kin- 
dling divers. bodies it meets with in its way ; 
yet if fome ounces of gunpowder, reduced to 
powder, be thrown into four or five times as 
much water, it will very manifeftly impart a 
coldnefs to it, as experience made with, as well 
as without, a fealed thermofcope has affured me. 


Of the MECHANICAL ORIGIN 


T rts and the foregoing experiment do rea- 
dily fuggeft an enquiry into the nature of the 
coldnefs, which philofophers are wont to op- 
pofe to that, which immediately, and upon the 
firft contact, affect the organs of fenfe, and 
which therefore they call actual or formal. 

Tue fuccefs of this experiment upon a fe- 
cond trial ferved to confirm it, which is the 
more {trange, becaufe I have found, that a {mall 
quantity of oil of vitriol, not beforehand min- 
oled with water, would produce a notable heat 
in its conflict with a fmall portion of juft fuch 
falt as I employed before (both the parcels hav- 
ing been, if I well remember, taken out of the 
fame glafs.) And this heat did, upon tral 
made with the former thermofcope, make the 
tinéted {pirit afcend much further than the late- 
ly recited experiment made it fubfide. 
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POTENTIAL COLDNESS. 


rally looked upon, and that partly per- 

haps upon the fcore of its very name, as 
fo abftrufe a quality, that it is not only rational, 
but neceffary to derive it from the fubftantial 
forms of bodies. But, I confefs, I fee no ne- 
ceffity of believing it not to be referrible to 
mechanical principles. For, as to the chief in- 
{tances of potential coldnefs, which are taken 
from the effects of fome medicines and ali- 
ments in the bodies of men, it may be faid, 
without improbability, that the produced re- 
frigeration proceeds chiefly from this, that the 
potentially cold body is made up of corpufcles 
of fuch fize, fhape, &c. that, being refolved 
and disjoined by the menftruum of the fto- 
mach, or the fluids it may elfewhere meet 
with, they do fo affociace themfelves with the 
fmall parts of the blood, and other liquors, 
as, by clogging them, or otherwife, to leffen 
their wonted agitation, and perhaps make 
them act in a peculiar way, as well as lefs 
brifkly on the nervous and fibrous parts; and 
the perception of this imminution (and per- 
haps change) of motion in the organs of feel- 
ing, is that, which, being referred to the body, 
that produces it, we call it’s potential coldnefs. 
Which quality appears by this account to be, 


p OTEN TIAL coldnefs has been gene- 


as I was faying before, but a relative thing, 
and is wont to require the diffufion or difper- 
fion of the {mall parts of the corpufcles of the 
agent, and their mingling themfelves with the 
liquors, or the {mall parts of the body they are 
to refrigerate. And therefore, if it be grant- 
ed, that, in agues, there is {ome morbifick mat- 
ter, of a vifcous or not eafily diffipable texture, 
that is harboured in fome part of the body, 
and requires fuch a time to be made fluid and 
refolvable, the cold fits of agues need not be 
fo much admired as they ulually are; fince, 
though juft before the fit the fame parcel of 
matter, that is to produce it, were actually in 
the body, yet it was not, by reafon of its clam- 
minefs, actually refolved.into {mall parts, and 
mingled with thofe of the blood, and confe- 
quently could not make fuch a change in the 
motion of that liquor, as is felt in the cold fit 
of an ague; (for, of the further change, that 
occafions the hot fit, I am not here to fpeak. ) 
And in fome other difeafes, a {mall quantity of 
matter, being refolved into, minute parts, may 
be able to produce a great fenfe of, coldnef§ in 
fome part of a body, which, by reafon of 
the ftructure of that part, may be peculiarly 
difpofed to be affected thereby; as J have 
known hypochondriac and hyfterical women 

com- 
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I. of Heat and Coup. 


complain of great degrees of coldnefs, that 
would fuddenly invade {ome particular part, 
chiefly of the head or back, and be for a good 
while troublefome there. And that, if a fri- 
gorific vapour, or matter, be exceeding fubtile, 
an inconfiderable quantity of it being difperited 
through the blood, may fuffice to produce a 
notable refrigeration, I have learned by en- 
quiry into the effects of fome poifons; and it 
is not very material, whether the poifon, ge- 
nerally fpeaking, be cold or hot, if it meet 
with a body difpofed to have thofe affections, 
that pafs for cold ones produced init. For I 
have made a chemical liquor, that was pene- 
trant and fiery enough to the tafte, and had 
acquired a fubtlety and brifknefs from diftilla- 
tion, with which I could, almoft in a trice, 
giving it but in the quantity of about a drop, 
caft an animal into that, which appeared a fieep ; 
and the like hquor, in a not much greater 
quantity, being, by | know not whofe miftake, 
applied to the aching tooth of a very ingenious 
perfon, did prefently, as he foon atter told me, 
give him an univerial refrigeration, and trem- 
bling, worfe than the cold paroxifm of a 
quartane. And though fcorpions do fometimes 
caufe, by their fting, violent heats in the parts 
they hurt, yet fometimes alfo the quite con- 
trary happens, and their poifon proves, in a 
high degree, potentially cold; as may be learn- 
ed trom the two following obfervations, re- 
corded by eminent phyficians. * Fasmulum ha- 
bui (faith Benivenius,) qui a fcorpione iftus, tam 


— “™ fubito ac tam frigido (udore toto corpore perfu- 
Schenk. fus ef, ui algentiffima nive atque glacie fefe op- 


lib. 7. de primi quereretur, 


Verum cum algenti ili folam 


wenen.cb- theriacam ex vino potentiore exbibuiffem, illicé 


serv. 24. 


Cent. 6. 
obfirv. 


curatus eff: thus far he: to whofe narrative I 
add this of Amatus Lufitanus. 

ViR qui a fcorpione in manus digito punc- 
tus fuit, multum dolebat, &F refrigeratus to- 
tus contremebat, €F per corpus dolores, cute 
tetad quafi acu puncléd, formicantes patieba- 
tur, €8¢. 

I cannot now ftay to enquire, whether there 
may not be in thefe great refrigerations, made 
by to {mall a quantity of- poifon, fome {mall 
concretions or coagulations made of the minute 
particles of the blood into little clots, lefs agile 
and more unweildy than they were, when they 
moved feparately : which may be illuftrated 
by the little curdlings, that may be made of the 
parts of milk, by a very fmall proportion of 
runnet, or fome acid liquor, and the little coa- 
gulations made of the {pirit of wine by that of 
urine: nor will I now enquire, whether, be- 
fides the retardment of the motion of the 
blood, fome poifons, and other analogous a- 
gents, may not give the motion of it a new 
modification, (as if fome corpufcles, that ufu- 
ally are more whirled or brandifhed, be put in- 
to a more direct motion,) that may give it 2 
peculiar kind of grating, or other action, upon 
the nervous and fibrous parts of the body. 
Thefe, I fay, and other fufpicions, that have 
Sometimes come into my thoughts, I muft not 
{tay to examine; but fhall now rather offer to 


confideration, whether, fince fome parts of the 
. Vou. HL 


human body are very differing from others in 
their ftruéture and internal conftitution ; and 
fince alfo fome agents may abound in cor- 
puicles of differing fhapes, bulks, and motions, 
the fame medicine may not, in reference to the 
fame human body, be potentiaily cold, or po- 
tentially hot, according as it is applied; or 
perhaps may, upon one or both of the ac- 
counts newly mentioned, be cold, in reference 
to one part of the body, and hot, in reference 
to the other. And thefe effects need not be al- 
ways afcribed to the mere and immediate ac- 
tion of the corpufcles of the medicine, but 
fometimes to the new quality they acquire in 
their paflage, by affociatine themfelves with 
the blood, or other fluids of the body, or to 
the expulfion of fome calorific or frigorific cor- 
pulcles, or to the difpofition they give the 
part on which they operate, to be more or lefs 
permeated and agitated than before, by fome 
fubtile azethereal matter, or other efficients of 
heat or cold. Some of thefe conjectures about 
the relative nature of potentially cold bodies 
may be either confirmed or illuftrated by fuch 


inftances as thefe ; that fpirit of wine, being - 


inwardly taken, is potentially very hot; and 
yet, being outwardly applied to fome burns, 
and fome hot tumours, does notably abate the 
heat of the inflamed parts, though the fame 
{pirit, applied even outwardly to a tender eye, 
will caufe a great and dolorous agitation in it. 
And camphire, which in the dofe of lefs than 
a half, or perhaps a quarter of a fcruple, has 
been obferved to diffufe a heat through the 
body, is, with fuccefs, externally applied by 
phyficians and furgeons in refrigerating me- 
dicines, 

But I leave the further inquiry into the.o- 
perations of medicines to phyficians, who may 
poffibly, by what has been faid, be affifted to 
compofe the differences between fome famous 
writers about the temperament of fome medi- 
cines, as mercury, camphire, &c. which fome 
will have to be cold, and others maintain to be 
hot ; and fhall only offer by way of confirming 
in general, that potential coldnefs ts only a re- 
lative quality, a few particulars; the firft 
whereof is afforded by comparing together the 
fixth and the feventh experiment before going, 
(which have occafioned this digreffion about 
potential coldnefs ;) fince by them it feerns pro- 
bable, that the fame thing may have it tn re- 
ference to one body, and not to another, accor- 
ding to the difpofitton of ‘the body it operatés 
upon, or that operates uponit. And the fumes 
of lead have been obferved fometimes (for I 
have not found the effect to fucceed always) 
to arreft the fluidity of mercury, which change 
is fuppofed to be the effect of 4 potential cold- 
nets belonging to the chemift’s Saturn in refe- 
rence to fluid mercury, though it have not 
that operation on any other liquor, that we 
know of. 

Ap laftly, (for I would not be too prolix) 
though nitre and fal armoniac be both apare 
and jointly cold in reference to water, . and 
though, however nitre be thoroughly melted 
in a crucible, it will not take fire of itfelf, yet 
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if, whilft it isin fufion, you fhould by degrees 
caft on it fome powdered fal.armoniac, it will 
take fire and flath vehemently, almoft as if 
fulphur had been injected. 


Of the MECHANICAL ORIGIN 


— But our excurfion has; I fear, lafled too 
long, and therefore I fhall prefently re-enter 
into the way, and proceed to fet down fome 
trials about cold. 


EXPERIMENT VIL 


N the firft experiment we obferved, that 
upon the pouring of water upon fal armo- 
niac there enfued an intenfe degree of cold; 
and we have elfewhere recited, that the like 
effect was produced by putting, inftead of 
common water, oil of vitriol to fal armoniac : 
but now, to fhew further, what influence mo- 
tion and texture may have upon fuch trials, it 
may not be amifs to add the following expe- 
riment : to twelve ounces of fal armoniac we 
_ put, by degrees, an equal weight of water, and 
whilft the liquor was diffolving the falt, and by 
that action producing a great coldnefs, we wa- 
rily poured in twelve ounces alfo of good oil of 
vitriol; of which new mixture the event was, that 
a notable degree of heat was quickly produced in 
the glafs, wherein the ingredients were con- 
founded, as unlikely as it feemed, that, where- 
as each of the two liquors is wont, with fal ar- 
moniac, to produce an intenfe cold, both of 
them acting on it together fhould produce the 
contrary quality. But the reafon I had to ex- 
pect the fuccefs I met with, was this, that it 
was probable the heat, arifing from the mixture 
of the two liquors, would overpowerthe cold- 
nefs produceable by the operation of either, or 
both of them upon the fale. 


EXPERIMENT IX. 


N moft of the experiments, that we have 
hitherto propofed, cold is wont to be re- 
gularly produced in a mechanical way ; but I 
fhall now add, that in fome fort of trials I 
found, that the event was varied by unobferved 
circumftances; fo that fometimes manifeft 
coldnefs would be produced by mixing two bo- 
dies together, which at another time would 
upon their congrefs difclofe a manifeft heat, and 
fometimes again, though more rarely, would 
have but a very faint and remifs degree of 
either. 

Or this fort of experiments, whofe events I 
could not confidently undertake for, I found to 
be, the diffolution of falt of tartar in fpirit of 
vinegar, and of fome other falts, that were 
not acid, in the fame menftruum, and even 
{fpirit of verdigreafe (made per fe) though a 
more potent menftruum than common fpirit of 
vinegar would not conftantly produce near 
fuch a heat at the beginning of its operation, 
as the greatnefs of the feeming effervefcence, 
then excited, would make one expect, as may 
appear by the following obfervation tranfcribed 
verbatim out of one of my Adverfaria, 

{Into eight ounces of fpirit of verdigreafe 
(into which we had put a while before a ftan- 
dard-thermofcope, to acquire the like temper 
with the liquor) we put in a wide-mouthed 
glafs two ounces of falt of tartar, as faft as we 
durft for fear of making the matter boil over ; 


and though there were a great commotion ex- 
cited by the action and reaétion of the ingredi- 
ents, which was attended with a copious froth 
and a hiffing noife ; yet it was a pretty while, 
ere the glafs was fenfibly warm on the outfide ; 
but by that time the falt was all diffolved, the 
liquor in the thermofcope appeared to be im- 
pelled up about three inches and a half: 

AND yet, 1f my memory do not much de- 
ceive me, I have found, that by mixing falt of 
tartar with another falt, the texture of the fixed 
alkali was fo altered, that upon the affufion of 
{pirit of verdigreafe, (made without {pirit of 
vinegar and {pirit of wine) though there enfued 
a great conflict with noife and bubbles, yet, in- 
{tead of an incalefcence, a confiderable degree 
of coldnefs was produced. 


EXPERIMENT X. 


T is very probable, that further trials will 
furnifh us with more inftances, to fhew how 

the production of cold may, in forme cafes, be 
effected, varied, or hindered by mechanical 
circumftances, that are eafily and ufually over- 
looked. I remember, on this occafion, that 
though, in the experiment above recited, we 
obferved, that oil of vitriol and water being firft 
fhaken together, the volatile falt of fal armo- 
niac being afterwards put to them, produced a 
fenfible coldnefs; yet I found, that if a little 
oil of vitriol, and of the volatile falt, were firft 
put together, though foon after a confiderable 
proportion of water were added, there would 
be produced, not a coldnefs, but a manifeft de- 
gree of heat, which would impel up the liquor 
in the thermofcope to the height of fome 
inches, And I remember too, that though falt 
of tartar will, as we fhall fee ere long, grow hot 
in the water, yet having diftilled fome falt of 
tartar and cinnabar in a {trong fire, and put the 
whole Caput mortuum into diftilled or rain wa- 
ter, it made indeed a hiffing there, as if it had 
been quick lime, but produced no heat, that I 
could by feeling perceive. I fhall add, that not 
only, as we have feen already, fome unheeded 
circumf{tances may promote or hinder the arti- 
ficial production of cold by particular agents, 
but, which will feem more ftrange, fome un- 
obferved, and perhaps hardly obfervable, in- 
difpofition in the patient, may promote or hin- 
der the effects of the grand and catholick effi- 
cients of cold, whatever thofe be. This fufpi- 
cion I reprefent as a thing, that further experi- 
ence,may pofflibly countenance, becaufe I have 
fometimes found, that the degree of the opera- 
tion of cold has been much varied by latent 
circumftances, fome bodies being more wrought 
upon, and others lefs, than was, upon very 
probable grounds, expected. And particularly 
I remember, that though oil of vitriol be one 
of the firieft liquors, that is yet known, and does 
perform fome of the operations of fire itlelf, (as 
2 we 
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of HEAT 
we fhall elfewhere have occafion to fhew) and 
will thaw ice fooner than {fpirit of wine, or any 
other liquor, as I have tried ; yet having put 
about a pound or more; by our eftimate, of 
choice rettified oil of vitriol, into a ftrong glafs 
vial proportionable to it, we found, that, ex- 
cept a little, that was fluid at the top; it was all 
congealed or coagulated into a mafs like ice, 
though the glafs ftood in a laboratory, where a 
fire was conftantly kept not far from it, and 
where oil of vitriol very feldom, or never, has 
before, or fince, been obferved to congeal or co- 
agulate fo much as in part. And the oddnefs 
of our phenomenon was encreafed by this cir- 
cumttance, that the mafs continued folid a good 
while after the weather was grown too mild to 
have fuch operations upon liquors far lefs in- 
difpofed to lofe their fluidity by cold, than even 
common oil of vitriol is. On the other fide [ 
‘yemember, that about two years ago, I expofed 
fome oil of fweet almonds hermetically fealed 
up in a glafs bubble, to obferve what condenfa- 
tion an intenfe cold could make of it, (for 
though cold expands water, (it condenfes com- 
mon oil;) but the next day I found, to my 
wonder, that not only the oil remained un- 
frozen by the fharp froft it had been expofed 
to, but that it had not its tranfparency troubled, 
though it is known, that ot! will be brought to 
€oncrete, and turn opacous by a far lefs degree 
of cold than is requifite to freeze water ; not- 
withftanding which, this liquor, which was 
lodged in a glafs, fo thin, that it was blown at 
the flame of a lamp, continued fluid and dia- 
phanous in very frofty weather, fo long till I 
loft the expectation of feeing it congealed or 
¢oncreted. And this brings into my mind, 
that though camphire be, as I formerly noted, 
reckoned by many potentially cold, yet we kept 
fome oil of it, of our making, wherein the whole 
body of the camphire remained, being only by 
fome nitrous fpirits reduced to the form of an oil ; 
we kept it, I fay, in fuch intenfe degrees of cold, 
ghat would have eafily frozen water, without 

finding it to lofe its tranfparency, or its fluidity. 
Anp here I fhall put an end to the firft 
{etion, (containing our notes about cold) the 
defign of which may be not a little pro-: 
moted by comparing with them the begin-. 
ning. of the enfuing fection, For if it bel 
true, that (as we there fhew) the nature of? 
heat confifts either only or chiefly in the lo-' 
cal motion of the {mall parts of a body me- 
chanically modified by certain conditions,’ of: 
which the principal is the vehemency of the 
3 : _ ; a 


and COLD. 

various agitations of thofe infenfible parts; and 
if it be alfo true; as experience witneffes it to be; 
that, when thé minute parts of a body are in; 
Or arrive at fuch a ftate, that they are more 
flowly or faintly agitated thari thofe of our 
fingers, or other organs of feeling, we judge 
them cold: thefe two things, laid together; 
feem plainly enough to argue; that a privation 
or negation of that local motion, that is requifite 
to conftitute heat, may fuffice for the denomi- 
nating a \edy cold; as coldnefs is a quality of 
the object, (which, as it is perceived by the 
mind, is alfo an affection of the fentient: ) 
and therefore an imminution of fuch a degree 
of former motions as is neceffary to make a body 
hot as to fenfe, and which is fufficient to the 
production of fenfible coldnefs, may be mecha- 
nically made, fince flownefs; as well as fwiftnefs, 
being a mode of local motion; is a mechanical 
thing. And though its effect, which is cold- 
nefs; feem a privation or negation; yet the 
caufe of it may be a pofitive agent acting me- 
chanically, by clogging the agile calorific par- 
ticles, or deadning their motion, or perverting 
their determination, or by fome othet intelligi- 
ble way bringing them to a ftate of coldnefs, as 
to fenfe: I fay, coldnefs as to fenfe ; becaufé 
as it is a tactile quality, in the popular accep= 
tion of it, it is relative to our organs of feeling 
as we fee, that the fame Juke-warm water will 
appear hot and cold to the fame man’s hands, 
if, when both are plunged into it, one of thein 
fhall have been newly held to the fire, and the 
other be benumbed with froft. And indeed 
the cuftom of fpeaking has introduced an am- 
biguity into the word cold, which often occa- 
fions-miftakes, not eafily, without much atten- 
tion, and fometimes circumlocution alfo, to be 
avoided ; fince ufually by cold is meant that, 
which immediately affeéts the fenfory of him, 
that pronounces a body cold, whereas fometimes 


575 


it is taken in a more general notion for fucha . 


négation or imminution of motion; as though 
it operates not perceivably on our fenfes, does 
yet upon other bodies ; and fometimes alfo it 
is taken (which is perhaps the more philofo- 
phical fenfe) for a perception, made in and by 
the mind, of the alteration produced in the cor- 
poreal organs by the operation of that; what- 
ever it be, .on Whofe account a body is found 
to be cold.: . 

| But thé difcuffion of thefe points is here 
purpofely. omitted, as for other reafons, fo 
principally, becaufe they may be found expref- 
tyshandled ‘ina fitter place. — 


-SECTION I. 


Of the MEcHANICAL Oricin; 


'-.« FTER having difpatched the inftances 
A I had to offer of the prodiction of cold; 
it remains, that I alfo propofe fome experi- 
ments ‘of heat, which quality will appear the 
more likely to be mechanically producible, if 
we confider the nature of it, which feems to 
confift mainly, if not ohly, in that mechanical 
affection of matter we call local motion me: 


or Propucrion of HEAT. 


chanically modified, which modification, as far 


as I have obferved, is made up of three con- 


ditions. _ 
Tue firft of thefe is, that the agitation of. 
the parts be vehement, by which degree of 
rapidnefs the ‘motion proper to bodies, that 
dre hot, diftinguifhes them from bodies, that 
are barely fluid. For thefe, as fuch, require 
not 
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not near-fo brifk an agitation, as is wont to be 
neceflary to make bodies defervé the name of 
~ hot. 
in its natural (or ufual) ftate, move fo calmly, 
that we do not feel it at all warm, though it 
could not be a liquor, unlefs they were in_a 
reftlefs motion; but when water comes to be 
actually hot, the motion does manifeftly and 
proportionably appear more vehement, fince it 
does not only brifkly ftrike our organs of feel- 
ing, but ordinarily produces ftore of very {mall 
bubbles, and will melt butter or coggulated 
oil caft upon it, and will afford vapours, that, 
by the agitation they fuffer, will be made to 
aicend into the air. And if the degree of heat 
be fuch, as to make the water boil, then the 
agitation becomes much more manifeft by the 
confufed motions, and waves, and noife, and 
bubbles, that are excited, and by other ebvious 
effects, and phanomena of the vehement and 
tumultous motion, which is able to throw up 
vifibly into the air great ftore of corpufcles, in 
the form of vapours or fmoke. Thus, in a 
heated iron, the vehement -agitation of the 
‘parts may he eafily inferred, from the motion 
and hiffing noife it imparts to drops of water, 
or f{pittle, that fall upon it. For it makes them 
hifs and boil, and quickly forces their particles 
to a the form of a liquor, and fly into the air 
in the form of fteams. And, laftly, fire, which 
is the hotteft body we know, confifts of parts 
fo vehemently agitated, that they perpetually 
and {wiftly fly abroad in {warms, and diffipate 
or fhatter all the combuftible bodies they meet 
with in their way; fire making {0 fierce a dif- 
folution, and great a difperfion of its own fuel, 
that we may fee whole piles of folid wood 
(weighing perhaps many hundred pounds) fo 
a ge in very few hours, into flame and 
{moke, that, oftentimes, there will not be one 
— of afhes remaining. And this is the 
rf{t condition required to heat. 

THE fecond is this, that the determinations 
be very various, fome particles moving towards 
the right, fame to the left hand, fome directly 
upwards, fome downwards, and fome oblique- 
ly, &c. This variety of determinations ap- 
pears to be in hot bodies, both by fome of the 
inftances newly mentioned, and efpecially that 
of flame, which is abody; and by the diffu- 
fion, that metals acquire, when they are melt- 
ed, and by the operations of heat, that are ex- 
ercifed by hot hodies upon others, in what 
pofture or fituation foever the bady to be heat- 
ed be applied to them. Asa thoroughly ig- 
nited coal will appear every way red, and will 
melt wax, and kindle brimftone, whether the 
body be applied to the upper or to the lower, 
or to any other part of the burning coal. And 
congruoufly to his notion, though air and wa- 
ter be moved never fo vehemently, as in high 
winds and cataracts ; yet we are not to expect, 
that they fhould be manifeftly hat, becaufe the 
vehémency belongs to the progreffive motion 
af the whole body; notwithftanding which, 
the parts it confifts of may mot be near fo 
much quickened in their motions, made ac- 
cording to other determinatiens, as to become 
{enfibly hot. And this confideration may keep 


Of the MECHANICAL ORIGIN 


Thus we fee, that the particles of water, - 


it from feeming ftrange, that, in fome cafes, 
where the whole body, though rapidly moved, 
tends but one way, it is not by that {wift mo- 
tion perceived to be made hot. 

Nay, though the agitation be very various, 
as well as vehement, there is yet a third condi- 
tion required to make it calorific; namely, 
that the agitated particles, or at leaft the great- 
eft number of them, be fo minute, as to be 
fingly infenfible. For though a heap of fand, 
or duft itfelf, were vehemently and confufed- 
ly agitated by a whirl-wind, the bulk of the 
grains or corpufcles, would keep their agitation 
from being properly heat, though, by their nu- 
merous ftrokes-upon a man’s face, and the brifk 
commotion of the fpirits, and other {mall par- 
ticles, that may thence enfue, they may per- 
chance occafion the production of that quality. 

IF fome attention be employed, in confider- 
ing the formerly propofed notion of the nature 
of heat, it may not be difficult to difcern, that 
the mechanical produCtion of it may be divers 
ways effected. For, excepting in fome few 
anomalous cafes, (wherein the regular courfe of 
things happens to be over-ruled,) by whatever 
ways the infenfible parts of a body are put into 
a very confufed and vehement agitation, by the 
fame ways heat may be introduced into that 
body: agreeably to which doétrine, as there 
are feveral agents and operations, by which this 
calorific motion (if I may fo call it) may be ex- 
cited, fo there may be feveral ways of mecha- 
nically producing heat, and many experiments 
may be reduced to almoft each of them, chance 
itfelf having, in the laboratories of chemitts, 
afforded divers pheenomena, referable to any 
one or other of thofe heads, Many of the more 
familiar inftances, applicable to our prefent 
purpofe, have been long fince collected by our 
juftly-famous Verulam, in his fhort, but excel- 
lent paper de forme calidi, whereih (though I do 
not acquiefce in every thing I meet with there) 
he feems to have been, at Jeaft among the mo- 
derns, the perfon, that has firft handled the 
doctrine of heat like an experimental philofo- 
pher. I fhall therefore decline accumulating a 
multitude of inftances of the production of heat, 
and I fhall alfo forbear to infiit on fuch known 
things, as the imecalefcence, obfervable upon 
the pouring either of oil of vitriol upon fale of 
tartar, (in the making of tarrarum vitriolatym) 
or of aqua fortis upon filver or quickfilver, (in 
the diffolutian of thefe metals,) but fhall rather 
chufe to mention fome few inftances not {fo no- 
torious as the former, but not fo unfit, by their 
variety, to exemplify feveral of the differing 
ways of exciting heat. 

Ann yet I fhall not decline the mention of 


‘the moft obvious and familiar inftance of all, 


namely, the heat obferved in quick-lime, upon 
the affufion of cold water, becaufe, among 
learned men, and efpecially Peripateticks, J 
find caufes to be affigned, that are either juftly 
queftionablg, or manifeftly erroneous. For, as 
to what is inculcated by the {choals, about the 
incalefcence of a mixture of quick-lime and 
water, by virtue of a fuppofed Antiperiftafis, 
ar invigoration of the internal heat of the lime, 
by its being invironed by cold water, = 

elfe- 
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elfewhere fhewn, that this is but an imaginary 
caufe, by delivering, upon experiment, (which 
any man may eafily make,) that if, inftead of 
cold water, the liquor be poured on very hot, 
the ebullition of the lime will not be the lefs, 
but rather the greater: and oil of turpentine, 
which is a lighter, and is looked upon as a fub- 
tiler liquor than water, though it be poured 
quite cold on quick-lime, will not, that I have 
obferved, grow fo much as fenfibly hot with it. 

Anp now have mentioned the incalefcence 
of lime, which, though an obvious phenome- 
non, has exercifed the wits of divers philofo- 
phers and chemifts, I will add two or three ob- 
fervations, in order to an enquiry, that may be 
fome other time made into the genuine caufes 
of it; which are not fo eafy to be found, as 
many learned men may, at firft fight, imagine. 
The acute Helmont indeed, and his followers, 
have ingenioufly enough attempted to derive 
the heat under confideration from the conflict 
of fome alcalizate and acid falts, that are to be 
found in quick-lime, and are diffolved, and fo 
fet at liberty, to fight with one another by the 
water that flakes the lime. But, though we 
have fome manifeft marks of an alcalizate falt 
in lime, yet, that it contains allo an acid falt, 
has not, that I remember, been proved; and 
if the emerging of heat bea fufficient reafon 
to prove a latent acid,falt in lime, I know not, 
why I may not infer, that the like falt lies con- 
cealed in other bodies, which the chemifts take 
to be of the pureft or mereft fort of alcalies. 


EXPERIMENT I. 


EF OR I have purpofely tried, that by put- 
ting a pretty quantity of dry falt of tartar 
in the palm of my hand, and wetting it well 
in cold water, there has been a very fenfible 
heat produced in the mixture; and when | 
have madethe trial with a more confiderable 
quantity of falt and water in a vial, the heat 
proved troublefomely intenfe, and continued to 
be at leaft fenfible a good while after. 

THis experiment feems to favour the opi- 
nion, that the heat produced in lime, whilft it 
is quenching, proceeds from the empyreuma, 
as the chemifts call it, or impreffion left by the 
violent fire, that was employed to reduce the 
ftone to lime. But if byempyreuma be meant 
a bare impreffion made by the fire, it will be 
more requifite than eafy, to declare intelligibly, 
in what that impreffion confifts, and how it 
operates to produce fuch confiderable effects. 
And if the effect be afcribed to {warms of 
atoms of fire, that remain adherent to the fub- 
ftance of the lime, and are fet at liberty to fly 
away by the fiquor, which feems to be argued 
by the flaking of lime without water, if it be 
for fome time left in the air, whereby the a- 
toms of fire get opportunity to fly away by 
little and little: if this, I fay, be alledged, I 
will not deny, but there may be a fenfe, which I 
cannot explicate in few words, wherein the co- 
operation of a fubftantial effuvium, (for fo I call 
it,) of the fire, may be admitted in giving an 
account of our phenomenon. But the caufe 
formerly affigned, as it is crudely propoted, 
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leaves in my mind fome fcruples. For it is 
not fo eafy to apprehend, that fuch light and 
minute bodies, asthofe of fire, are fuppofed, 
fhould be fo long detained, as by this hypothe- 
fis they muft be allowed to be, in quick-lime, 
kept in well-{topped vefiels, from getting out 
of fo lax and porous a body as lime, efpecially 
fince we f¢e not a great incalefcence or ebulli- 
tion enfue upon the pouring of water upon mi: 
nium, or crocus Martis per fe, though they 
have been calcined by violent and lafting fires, 
whofe efhuviums or emanations appear to ad- 
here to them by the increafe of weight, that 
lead, if not alfo Mars, does manifeftly receive 
from the operation of the fire. To which I 
fhall add, that, whereas one would think, that 
the igneous atoms fhould either fly away, or be 
extinguifhed by the fupervening of water, I 
know, and eliewhere give account, of an 


EXPERIMENT I. 


| which two liquors, whereof one was fur- 

nifhed me by nature, did by being feveral 

times feparated and reconjoined without addi- 

— at each congrefs produce a fenfible 
eat. 


EXPERIMENT Ii. 


ND an inftance of this kind, though not 
fo odd, I purpofely fought and found in 
falt of tartar, from which, after it had been 
once heated by the affufion of water, we ab- 
ftra€ted or evaporated the liquor, without vio- 
lence of fire, till the falt was again dry; and 
then putting on water a fecond time, the fame 
falt grew hot again in the vial, and, if I mifre- 
member not, it produced this incalefcence the 
third time, if not the fourth; and might pro- 
bably have done it oftener, if I had had occa- 
fion to profecute the experiment. Which 
feems at leaft to argue, that the great violence 
of fire is not neceflary to imprefs what paffes 
for an empyreum upon all calcined bodies, that 
will heat with water. 

Awp on this occafion I fhall venture to add, 
that I have fometimes doubted, whether the 
incalefcence may not much depend upon the 
particular difpofition of the calcined body, 
which being deprived of its former moifture, 
and made more porous by the fire, doth by 
the help of thofe igneous effuviums, for the 
moft part of a faline nature, that are difperfed 
through it, and adhere to it, acquire fuch a 
texture, that the water impelled by its own 
weight, and the preflure of the atmofphere, is 
able to get into a multitude of its pores at once, 
and fuddenly diffolve the igneous and alcalizate 
falt it every where meets with there, and brifk- 
ly disjoin the earthy and folid particles, that 
were blended with them ; which being exceed- 
ing numerous, though each of them perhaps 
be very minute, and moves but a very little 
way, yet their multitude makes the confufed 
agitation of the whole aggregate of them, and 
of the particles of the water and falt vehement 
enough to produce a fenfible heat; efpecially 
if we admit, that there is fuch a change made 
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in the pores, as occafions a great increafe of 
this agitation, by the ingrefs and attion of 
fome fubtile ethereal matter, from which alone 
Monfieur Des Cartes ingenioufly attempts to 
derive the incalefcence of lime and water, as 
well as that of metals diffolved in corrofive li- 
quors ; though as to the phenomena we have 
been confidering, there feems at leaft to concur 
a peculiar difpofition of body, wherein heat is 
to be produced to do one or both of thefe two 
things, namely, to retain good ftore of the 
igneous effluvia, and to be, by their adhefion 
or fome other operation of the fire, reduced to 
fuch a texture of its component particles, as to 
be fit to have them eafily penetrated, and 
brifkly, as well as copioufly, diffipated, Ly in- 
vading water. And this conjecture (for I pro- 
pofe it as noother) feems favoured by divers 
phenomena, fome whereof I fhall now annex. 
For here it may be obferved, that both the 
diffolved falt of tartar lately mentioned, and 
the artificial liquor, that grows hot with the 
natural, re-acquires that difpofition to incalef- 
cence upon abare conftipation, or clofer texture 
of the parts from the fuperfluous moifture they 
were drowned in before ; the heat, that brought 
them to this texture, having been {fo gentle, 
that it isno way likely, that the igneous exha- 
lations could themfelves produce fuch a heat, 
or at leaft, that they fhould adhere in fuch 
numbers, as muft be requifite to fuch an effect, 
unlefs the texture of the fale of tartar, or other 
a did peculiarly difpofe it to detain them ; 
ince 


EXPERIMENT IV. 


HAVE found by trial, that fal armoniac 

diffolved in water, though boiled up with 
a brifker fire to a dry falt, would, upon its 
being again diffolved in water, not produce 
any heat, but a very confiderable degree of 
cold. I fhall add, that though one would ex- 
pect a great cognation between the particles of 
fire adhering to quick-lime, and thofe of high 
reCtified fpirit of wine, which 1s of fo igneous 
a nature, as to be totally inflammable ; yet I 
have not found, that the affufion of alkaol of 
wine upon quick-lime would produce any fen- 
fible incalefcence, or any vifible diffolution or 
diffipation of the lime, as common water 
would have done, though it feemed to be 
greedily enough foaked in by the lumps of 
lime. And I further tried, that, if on this 
lime fo drenched I poured cold water, there 
enfued no manitfeft heat, nor did I fo muchas 
find the lump fwelled, and thereby broken, 
till fome hours after; which feems to argue, 
that the texture of the lime was fuch, as to 
admit the particles of the fpirit of wine into 
fome of its pores, which were either larger or 
more congruous, without admitting it into 
the moft numerous ones, whereinto the liquor 
muft be received, to be able fuddenly to diffi- 
pate the corpufcles of lime into their minuter 
particles, into which (corpufcles) it feems, 
that the change, that the aqueous particles 
received by affociating with the fpirituous 
ones, made them far lefs fit to penetrate and 
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move brifkly there, than if they had entered 
alone. 

I made alfo an experiment, that feems to 
favour our conjecture, by fhewing, how much 
the difpofition of lime to incalefcence may 
depend upon an idoneous texture, and the 
experiment, as I find it, regiftered in one 
of my memorials, is this. 


EXPERIMENT VV. 


[ PON gquick-lime we put in a retort as 

much moderately ftrong {pirit of wine, 
as would crench it, and {wim a pretty way 
above it; and then diftilling with a gentle fire, 
we drew off fome fpirit of wine much ftronger 
than that, which had been put on, and then 
the phlegm following it, the fire was encreafed, 
which brought over a good deal of phlegma- 
tick {trengthlefs liquor ; by which one would 
have thought, that the quick-lime had been 
flacked ; but when the remaining matter had 
been taken out of the retort, and fuffered to 
cool, it appeared to have a fiery difpofition, 
that it had not before. For, if any lump of 
it, as big as a nutmeg, or an almond, was caft 
into the water, it would hifs as if a coal of 
fire had been plunged into the liquor, which 
was foon thereby fenfibly heated. Nay, ha- 
ving kept divers lumps of this prepared calx 
well covered from the air for divers weeks, 
to try, whether it would retain this property, I 
found, as I expected, that the calx operated 
after the fame manner, if not more power- 
fully. For fometimes, efpecially when it was 
reduced to {mall pieces, it would upon its 
coming into the water make fuch a brifk 
noife, as might almoft pafs for a kind of ex- 
plofion. ] 

THESE phznomena feem to argue, that 
the difpofition, that lime has to grow hot with 
water, depends much on fome peculiar texture, 
fince the aqueous parts, that one would think 
capable of quenching all, or molt of the 
atoms of fire, that are fuppofed to adhere to 
quick-lime, did not near fo much weaken the 
difpofition of it to incalefcence, as the acceffion 
of the {pirituous corpufcles and their contexture, 
with thofe of the lime, encreafed that igneous 
difpofition. And that there might intervene 
fuch an affociation, feems to me the more pro- 
bable, not only becaufe much of the diftilled 
liquor was as phlegmatick, as if it had been 
robbed of its more active parts, but becaufe I 
have fometimes had fpirit of wine come over 
with quick-lime not in unobferved fteams, but 
white fumes. To which I fhall add, that 
befides, that the tafte, and perhaps odour of 
the fpirit of wine, is often manifeftly changed 
by a well-made diftillation from quick-lime ; 
] have fometimes found that liquor to give 
the lime a kind of alcalizate penetrancy, not to 
fay fierinefs of tafte, that was very brifk and 
remarkable. But I will not undertake, that 
every experimenter, nor I myfelf, fhall always 
make trials of this kind with the fame fucceis, 
that { had in thofe above recited, in regard, 
that I have found quick-limes to differ much, 
not only according to the degree of their cal- 

cination, 
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cination, and to their recentnefs, but alfo, and 
that efpecially, according to the differing na- 
tures of the {tones and other bodies calcined. 
Which obfervation engages me the more to 
propofe what hath been hitherto delivered 
about quick-lime, as only narratives and a 
conjecture ; which I now perceive has detained 
us fo long, that I am obliged to haften to the 
remaining experiments, and to be the more 
fuccinét in delivering them. 
EXPERIMENT VI. 
A ND it will be convenient to begin with 
an inftance or two of the production of 
heat, wherein there appears not to intervene 
any thing in the part of the agent or pa- 
tient, but local motion, and the natural effects 
of it. And as to this fort of experiments, a 
little attention and refle¢tion may make {ome 
familiar phenomenon appofite to our prefent 
purpofe. When, for example, a imith does 
haftily hammer a nail, or fuch like piece of 
iron, the hammered metal will grow exceeding 
hot, and yet there appears not any thing to 
make it fo, fave the forcible motion of the 
hammer, which impreffes a vehement, and 
varioufly determined agitation of the {mall 
parts of the iron; which being a cold body 
before, by that fuperinduced commotion of its 
{mall parts, becomes in divers fenfes hot; firft, 
jn a more lax acceptation of the word in re- 
ference to fome other bodies, in refpect of 
whom it was cold before, and then fenfibly 
hot ; becaufe this newly gained agitation, fur- 
paffes that of the parts of our fingers. And 
in this inftance, it is not to be overlooked, that 
oftentimes neither the hammer, by which, 
nor the anvil, on which a cold piece of tron 
is forged, (for all iron does not require prece- 
dent ignition to make it obey the hammer) 
continue cold, after the operation is ended ; 
which fhews, that the heat acquired by the 
forged piece of iron was not communicated 
by the hammer or anvil as heat, but produced 
in it by motion, which was great enough to 
put fo fmall a body, as the piece of iron, into 
a ftrong and contufed motion of its parts, 
without being able to have the like operation 
upon fo much greater maffes of metal, as the 
hammer and the anvil; though, if the per- 
cuffions were often and nimbly renewed, and 
the hammer were but fimall, this alfo might 
be heated, (though not fo foon, nor fo much, 
as the iron ;) by which one may alfo take no- 
tice, that it is not neceflary, a body fhould be 
itfelf hot, to be calorifick. And now I fpeak 
of f{triking an iron with a hammer, I am put 
in mind of an obfervation, that feems to con- 
tradict, but does indeed confirm our theory: 
namely,-that if a fomewhat large nail be 
driven by a hammer into a plank, or piece 
of wood, it will receive divers ftrokes on the 
head before it grow hot; but when it js driven 
to the head, fo that it can go no further, a 
few ftrokes will fuffice to give it a confiderable 
heat; for whilft, at every blow of the ham- 
mer, the nail enters further and further into 
the wood, the motion, that is produced, is 
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chiefly progreffive, and is of the whole nail 
tending one way ; whereas, when that motion 
is {topped, then the impulfe given by the 
ftroke, being unable either to drive the nail 
further on, or deftroy its intirenefs, muft be 
{pent in making a various vehement and ins 
teftine commotion of the parts among them 
felves, and in fuch an one we formerly ob- 
ferved the nature of heat to confift. 


EXPERIMENT VIL. 


N the foregaing experiment, the brifk agi- 
tation of the parts of a heated iron was 
made fenfible to the touch. I fhall now add 
one of the attempts, that I remember I made, 
to render it difcoverable to the eye itfelf. In 
order to this, and that I might alfo fhew, that 
not only a fenfible, but an intenfe degree of 
heat, may be produced in a piece of cold iron 
by local motion, I caufed a bar of that metal 
to be nimbly hammered by two or three lufty 
men, accuftomed to manage that inftrument ; 
and thefe ftriking with as much force, and as 
little intermiffion, as they could, upon the iron, 
{oon brought it to that degree of heat, that not 
only it was a great deal too hot to be fafely 
touched, but probably would, according to my 
defign, have kindled gun-powder, if that, which 
I was fain to make ufe of, had been of the beft 
fort: for, to the wonder of the by-ftanders, the 
iron kindled the fulphur of many of the grains 
of the corns of powder, and made them turn 
blue, though I do not well remember, that it 
made any of them go off. 


EXPERIMENT VIL 
ESIDES the effe&ts of manifeft and vio 


lent percuffions, fuch as thofe we have 
been taking notice of to be made with a ham- 
mer, there are among phznomena obvious 
enough, fome, that fhew the produciblenefs of 
heat, even in cold tron, by caufing an inteftine 
commotion of its parts: for we find, that, if a 
piece of iron, of a convenient fhape and bulk, 
be nimbly filed with a large rough file, a con- 
fiderable degree of heat will be quickly ex- 
cited in thofe parts of the iron where the file 
paffes to and fro, the many prominent parts 
of the inftrument giving a multitude of 
ftrokes or pufhes to the parts of the iron, 
that happen to ftand in their way, and 
thereby making them put the neighbour- 
ing parts into a briflk and canfufed motion, 
and fo into a {tate of heat. Nor can it be well 
objected, that, upon this account, the file it- 
felf ought to. grow as hot as the iron, which 
yet it will not do; fince, to omit other an- 
fwers, the whole body of the file being moved 
to and fro, the fame parts, that touch the iron 
this moment, pafs off the next; and, befides, 
have leifure to cool themfelves, by communi- 
cating their newly received agitation to the air, 
before they are brought to grate again upon 
the iron, which, being fuppofed to be held 
immoveable, receives almoft perpetual fhakes 
in the fame place. 

We find alfo, that attrition, if it be any 
thing vehement, is wont to produce heat in 
the folideft bodies; as when the blade of a 

knife, 
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knife, being nimbly whetted, grows prefently 
hot. And if, having taken a brafs nail, and 
driven it as far as you can to the end of the 
ftick, to keep it faft, and gain a handle, you 
then ftrongly rub the head to and fro againft 
the floor, or a plank of wood, you may quick- 
ly find it to have acquired a heat intenfe enough 
to offend, if not burn one’s fingers, And I 
remember, that going once, in exceeding hot 
weather, in a coach, which, for certain reafons, 
we caufed to be driven very faft ; the attrition 
of the nave of the wheel, againft the axel-tree, 
was fo vehement, as obliged us to light out of 
the coach, to feek for water to cool the over- 
chafed parts, and ftop the growing mifchief 
the exceffive heat had begun to do. 

Tue vulgar experiment, of ftriking fire 
with a flint and fteel, fufficiently declares, what 
a heat, in a trice, may be produced in cold bo- 
dies by percuffion, or collifion; the latter of 
which feems but mutual percuffion. 

But inftances of the fame fort, with the 
re{t-mentioned in this VI. experiment, being 
obvious enough, I fhall forbear to multiply 
and infift on them. 


EXPERIMENT IX. 


OR the fake of thofe, that think the attri- 
tion of contiguous air is neceffary to the 
production of manifeft heat, I thought, among 
other things, of the following experiment, and 
made trial of it. 

WE took fome hard black pitch, and having, 
in a bafon, porringer, or fome fuch veffel, pla- 
ced it a convenient diftance under water, we 
caft on it, with-a good burning-glafs, the fun- 
beams, in fuch a manner, that, notwithftanding 
the refraction, that they fuffered in the paflage 
through the interpofed water, the focus fell 
upon the pitch; wherein it would produce 
fometimes bubbles, fometimes fmoke, and 
quickly communicated a degree of heat ca- 
pable to make pitch melt, 1f not alfo to boil. 


EXPERIMENT X. 


HOUGH the firft and fecond experi- 
ments of Section I. fhew, that a con- 
fiderable degree of cold is produced by the 
diffolution of fal armoniac in common water 3; 
yet, by an additament, though but fingle, the 
texture of it may be fo altered, that, inftead of 
cold, a notable degree of heat will be pro- 
duced, if it be diffolved in that liquor. For 
the manifeftation of which, we devifed the fol- 
lowing experiment. 

We took quick-lime, and flaked it in com- 
mon cold water, that all the igneous, or other 
particles, to which its power of heating that 
liquor is afcribed, might be extracted and im- 
bibed, and fo the calx freed from them; then, 
on the remaining powder, frefh water was of- 
ten poured, that all adhering reliques of falt 
might be wafhed off. After this, the thus dul- 
cified calx, being again well dried, was mingled 
with an equal weight of powdered fal armoniac, 
and having, with a {trong fire, melted the mafs, 
the mixture was poured out; and, being after- 


wards beaten to powder, having given it a 
competent time to grow cold, we put two or 
three ounces of it into a wide-mouthed glafs ; 
and pouring water upon it, within about a mi- 
nute of an hour, the mixture grew warm, and 
quickly attained fo intenfe a heat, that I could 
not hold the glafsin my hand. And though 
this heat did not long laft at the fame height, 
it continued to be very fenfible for a confide- 
rable time after. 


EFAPERIMENT WAI. 


._ confirm this experiment, by a notable 
variation, we took finely powdered {gl 
armoniac, and filings or fcales of fteel, and when 
they were very diligently mixed, (for that circum- 
{tance ought to be obferved,) we caufed them 
to be gradually fublimed in a glafs veffel, civing 
a {mart fire towards the latter end. By this 
operation, fo little of the mixture afcended, 
that, as we defired, far the greateft part of the 
fal armoniac ftaid at the bottom with the me- 
tal; then, taking out the caput mortuum, I 
gave it time thoroughly to cool, but in a glafs. 
well ftopped, that it might not imbibe the 
moifture of the air, (as it is very apt to do.) 
And laftly, though the filings of fteel, as well 
as the fal armoniac, were bodies actually cold, 
and fo might be thought likely to increaie, not 
check the coldnefs wont to be produced in wa- 
ter by that falt; yet, putting the mixture into 
common water, there eniued, as we expected, 
an intenfe degree of heat. And I remember, 
that, having fublimed the forementioned fale 
in diftinct veffels, with the filings of fteel, and 
with filings of copper, and, for curiofity-fake, 
kept one of the caput mortuums (for I cannot 
certainly call to mind which of the two it was) 
divers months, (it I miftake not, eight or nine,) 
we at length took it out of the veffel, wherein 
it had been kept carefully ftopped ; and, upon 
trial, were not deceived in having expected, 
that all that while the difpofition to give cold 
water a notable degree of heat, was preferved 
in it. 


EXPERIMENT XII 


| experiments were made after the above 
recited manner with fal armontac and other 
mineral bodies than iron and copper, it is not 
improbable, that fome of the emerging phe- 
nomena would be found to confirm what has 
been faid of the intereft of texture, (and fome 
few other mechanical affections) in the pro- 
duction of heat and cold. Which conjeéture 
is fomewhat favoured by the following trial. 
Three ounces of antimony, and an equal weight 
of fal armoniac being diligently powdered and 
mixed, were, by degrees of fire, fublimed in 
a glafs veffel, by which operation we obtained 
three differing fubftances, which we caufed to 
be feparately powdered, when they were taken 
out of the fubliming glafs, left the air or time 
fhould make any change in them ; and having 
before put the ball of a good fealed weather- 
glafs for a while into water, that the fpirit of 
wine might be brought to the temper of the 

external 
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external liquor, We put on a convenient quan- 
tity of the powdered Caput mortuum, which 
~mounted to two ounces, and feemed to be 
little other than antimony, which accordingly 
did fcarce fenfibly raife the fpirit of wine in the 
thermofcope, though that were a tender one. 
Then laying afide that water, and putting the 
inftrument into frefh, of the fame temper, we 
put to it a very yellow fublimate, that afcended 
higher than the other parts, and feemed to con- 
fift of the more fulphureous flowers of the an- 
timony, with a mixture of the more volatile 
parts of the fal armoniac. And this fubftance 
made the tincted fpirit in the thermofcope de- 
fcend very flowly about a quarter of an inch ; 
but when the inftrument was put into frefh wa- 
ter of the fame temper, and we had put in fome 
of the powder of the lower fort of fublimate, 
which was dark coloured, though both the an- 
timony and fal armoniac, it confifted of, had 
been long, expofed to the action of a fubliming 
heat ; yet the water was thereby {peedily and 
notably cooled, infomuch, that the fpirit of 
wine in the weather-glafs haftily defcended, and 
continued to fink, till, by our guefs, it had 
fallen not much fhort of three inches. Of thefe 
phenomena the ztiology, as fome moderns call 
the theory, which propofes the caufes of things, 
is more eafy to be found by a little confidera- 
tion, than to be made out 1n few words. 

We made alfo an experiment like that above 
recited, by fubliming three ounces a piece of 
minium and fal armoniac ; in which trial we 
found, that though, in the Caput mortuum, 
the falt had notably wrought upon the calx of 
ead, and was in part affociated with it, as ap- 
‘peared by the whitenefs of the faid Caput mor- 
- tuum, by its fweetifh tafte, and by the weight 
. (which exceeded, four drachms, that of all the 
minium;) yet a convenient quantity of this 
powdered mixture being put into water, where- 
in the former weather-glafs had been kept a 
while, the tincted {pirit of wine was not mani- 
feftly either raifed or depreffed. And when, in 
another glafs, we profecuted the trial with the 
fal armoniac, that had been fublimed from the 
minium, it did indeed make the fpirit of wine 
defeend, but fcarce a quarter fo much as it 
had been made to fall by the lately mentioned 
fublimate of fal armoniac and antimony. 


EXPERIMENT XII 


T is known, that many learned men, be- 
fides feveral chemical writers, afcribe the 
incalefcences, that are met with in the diffolu- 
tion of metals, to a conflict arifing from a cer- 
tain antipathy or hoftility, which they fuppofe 
between the conflicting bodies, and particularly 
between the acid falt of the one, and the alca- 
lizate falt, whether fixed or volatile, of the o- 
ther. But fince this doctrine fuppofes a hatred 
between inanimate bodies, in which it is hard 
to conceive, how there can be any true paffions, 
and does not intelligibly declare, by what means 
their fuppofed hoftility produces heat ; it is not 
likely, that, for thefe and fome other reafons, 
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inguifitive naturalifts will eafily acquiefce in it. 
And on the other fide it may be confidered, 
whether it be not more probable, that heats, 
{iddenly produced in mixtures, proceed either 
from a very quick and copious diffufion of the 
parts of one body through thofe of another, 
whereby both are confufedly tumbled and put 
into a calorific motion; or from this, that the 
parts of the diffolved body come to be every 
way, in great numbers, violently fcattered ; or 
from the fierce and confufed fhocks or juftlings 
of the corpufcles of the conflicting bodies, or 
mafies, which may be fuppofed to have the 
motions of their parts differingly modified ac- 
cording to their refpective natures: or from 
this, that, by the plentiful ingrefs of the cor- 
pufcles of the one into the almoft commenfu- 
rate parts of the other, the motion of fome e- 
therial matter, that was wont before fwiftly to 
permeate the diftinét bodies, comes to be check- 
ed and difturbed, and forced to either brandifh 
or whirl about the parts in a confufed manner, 
till it have fettled itfelf a free paflage through 
the new mixture, almoft as the light does 
through divers troubled liquors and vitrified 
bodies, which, at length, it makes tranfparent. 
But, without here engaging in a folemn exami- 
nation of the hypothefis of alcali and acidum, 
and without determining whether any one, or 
more, of the newly mentioned mechanical 
caufes, or whether fome other, that I have not 
yet named, is to be entitled to the effect; it 
will not be impertinent to propofe divers in- 
{tances of the production of heat by the opera- 
tion of one agent, oil of vittiol, that it may be 
confidered whether it be likely, that this fingle 
agent fhould, upon the fcore of antipathy, or 
that of its being an acid menftruum, be able to 
produce an intenfe heat in many bodies of fo 
differing natures as are fome of thofe, that we 
fhall have occafion to name. And now I pro- 
ceed to the experiments themfelves. 

Take fome ounces of ftrong oil of vitriol, 
and fhaking it with three or four times its weight 
of common water, though both the liquors were 
cold, when they were put together, yet their 
mixture wil, in a trice, grow intenfely hot, 
and continue confiderably fo for a good while. 
In this cafe it cannot probably be pretended by 
the chemifts, that the heat arifes from the con- 
flict of the acid and alcalizate falts abounding in 
the two liquors, fince the common water is fup- 
pofed an elementary body devoid of all falts ; 
and at leaft, being an infipid liquor, it will 
{carce be thought to have alcali enough to pro- 
duce, by its re-action fo intenfe a heat. That 
the heat ernergent upon fuch a mixture may be 
very great, when the quantities of the mingled 
liquors are confiderably fo, may be eafily con- 
cluded from one of my memorials, wherein I 
find, that no more than two ounces of oil of vi- 
triol being poured (but not all at once) into 
four ounces only of diftilled rain-water, made 
and kept it manifeftly warm for a pretty deal 
above an hour, and during no fmall part of 
that time, kept it fo hot, that it was trouble- 
fome to be handled. 
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EXPERIMENT XIV. 


HE former experiment brings into my 
mind one, that I mention,without teach- 
ing it in the hiftory of cold, and it appeared 
very furprifing to thofe, that knew not the 
ground of it. For having fometimes merrily 
propofed to heat cold liquors with ice, the un- 
dertaking feemed extravagant, if not impoffi- 
ble, but was eafily performed by taking out of 
a bafon of cold water, wherein divers fragments 
of ice were fwimming, one or two pieces, that 
I perceived were well drenched with the liquor, 
and immerfing them fuddenly into a wide- 
mouthed glafs, wherein ftrong oil of vitriol had 
been put ; for this menftruum, prefently min- 
cling with the water, that adhered to the ice, 
produced in it a brifk heat, and that fometimes 
with a manifeft fmoke, which nimbly diffolved 
the contiguous parts of ice, and thofe the next, 
and fo the whole ice being fpeedily reduced to 
water, and the corrofive menftruum being, by 
two or three. fhakes, well difperfed through it, 
and mingled with it, the whole mixture would 
grow, in a trice, fo hot, that fometimes the 
vial, that contained it, was not to be endured 
in one’s hand. 


EXPERIMENT XV. 


OTWITHSTANDING the vaft dif- 
ference betwixt common water and high 
rectified {pirit of wine, whereof men generally 
take the former for the moft contrary body to 
fire, and whereof the chemifts take the latter to 


. be but a kind of liquid fulphur, fince it may 


prefently be all reduced into flame; yet, as I 
expected, I found, upon trial, that oil of vi- 
triol, being mingled with pure fpirit of wine, 
would as well grow hot, as with common wa- 
ter. Nor does this experiment always require 
great quantities of the liquors. For when I 
took but one ounce of ftrong oil of vitriol, 
though I put to it lefs than half an ounce of 
choice {pint of wine, yet thofe two being lightly 
fhaken together, did, in a trice, conceive fo 
brifk a heat, that they almoft filled the vial with 
fumes, and made it fo hot, that I had, unawares, 
like to have burned my hand with it before I 
could lay it afide. 

I made the like trial with the fame corrofive 
menftruum, and common aqua vite, bought at 


a {trong-water-fhop, by the mixture of which 


liquors heat was produced in the vial, that I 
could not well oakae 

The like fuccefs I had in an experiment, 
wherein oil of vitriol was mixed with common 
brandy ; fave that in this the heat produced 
feemed not fo intenfe as in the former trial, 


which itfelf afforded not fo fierce a heat, as that, 


which was made with rectified fpirit of wine. 
EXPERIMENT XVI. 


HOSE chemifts, who conceive, that all 
. the incalefcences of bodies, upon their be- 
ing mixed, proceed from their antiquity or hof- 
tility, will not perhaps expect, that the parts of 


the fame body, (either numerically, or in f{pe- 
cie, as the fchools phrafe it,) fhould, and that 
without manifeft conflict, grow very hot to- 
gether. And yet having for trial’s fake put 
two ounces of colcothar fo ftrongly calcined, 
that it was burnt almoft to blackneis, into a re- 
tort, we poured upon it two ounces of ftrong 
oil of Englifh vitriol, and found, that after a- 
bout a minute of an hour they began to grow 
fo hot, that I could not endure to hold my 
hand to the bottom of the veffel, to which the 
mixture gave a heat, that continued fenfible on 
the outfide for between twenty and thirty mi- 
nutes. 


EXPERIMENT XVIL 


HOUGH I have not obferved any li- 
quor to equal oil of vitriol in the num- 
ber of liquors, with which it will grow hot ; yet 
IT have not met with any liquor, wherewith it 
came to a greater incalefcence, than it frequently 
enough did with common oil of turpentine. 
For when we caufed divers ounces of each to 
be well fhaken together in a ftrong veffel, faf- 
tened, to prevent mifchief, to the end of a 
pole or ftatf ; ‘the ebullition was great and 
fierce enough to be not undefervedly admired 
by the fpectators. And this brings into my 
mind a pleafant adventure afforded by thefe 
liquors, of each of which, having for the pro- 
duction of heat and other purpofes, caufed a 
good bottle full to be put up with other things 
into a box, and fent down into the country, 
with a great change, that care fhould be had of 
the glaffes ; the waggon, in which the box was 
carried, happened, by a great jolt, that had al- 
moft overturned it, to be fo rudely fhaken, 
that thefe glaffes were both broken, and the 
liquors, mingling in the box, made fuch a 
noife and ftink, and fent forth fuch quantities 
of fmoke by the vents, which the fumes had 
opened to themfelves, that the paffengers with 
great outcries and much hatte threw themfelves 
out of the waggon, for fear of being burnt 
In it. 
THE trials we made with oil of turpentine, 
when ftrong fpirit of nitre was fubftituted in 
the ftead of oil of vitriol, belong not to this place. 


EXPERIMENT XVII. 
Bout though petroleum, efpecially when 


rectified, be, asI have elfewhere noted, a 
moft fubtile liquor, and the lighteft I have yet 


had occafion to try; yet to fhew you, how 


much the incalefcence of liquors may depend 
upon their texture, I fhall add, that having 
mixed by degrees one ounce of rectified petreo- 
leum, with an equal weight of ftrong oil of 
vitriol, the former liquor feemed to work upon 
the furface of this laft named, almoft like a 
menftruum, upon a metal, in numerous and 
{mall bubbles continually afcending for a while 
into the oleum petra, which had its colour 
manifeftly altered and deepened by the opera- 
tion of the fpirituous parts. But by all the 
action and re-action of thefe liquors, there was 
produced no fuch {fmoking and boiling, or = 
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tenfe heat, as if oil of turpentine had been em- 
ployed inftead of oil of vitriol; the change, 
which was produced, as to qualities, being but a 
kind of tepidnefs difcoverable by the touch. 

Axumost the like fuccefs we had in the 
conjunction of petroleum and fpirit of nitre ; a 
more full account whereof may be elfewhere 
met with. . 

In this, and the late trials, I did not care to 
make ufe of fpirit of falt, becaufe, at leaft, if 
it be but ordinarily ftrong, I found its opera- 
tion on the liquors above-mentioned inconfi- 
derable, (and fometimes perhaps fcarce {en- 
fible) in comparifon of thofe of oil of vitriol, 
and in fome cafes ef dephlegmed fpirit of 
nitre. 


EXPERIMENT XIX, 


SX PERIENCED chemifts will eafily be- 
iy lieve, that it were not difficult to multi- 
ply inftances of heat preducible by oil of vir 
triol upon folid bodies, efpecially mineral ones. 
For it is known, that, in the ufual preparation 
of vitriolum martis, there is a great efferve- 
{cence excited upon the affufion of the oil of 
vitriol upon filings of fteel, efpecially, if they 
be well drenched in common water. And it 
will fcarce be doubted, but that, as oil of vi-+ 
triol will (at leaft partly) diffolve a great ma- 
ny, both calcined and teftaceous bodies, as I 
have tried with lime, oyfter-fhells, &c. fo it'will, 
during the diffolution, grow fenfibly, if not in- 
tenfely hot with them, as I found it to do, both 
with thofe newly named, and others, as chalk, la- 
pis calaminaris, &c. with the laft of which, if 
the liquor be ftrong, it will heat exceedingly. 


EXPERIMENT XX, 


HEREFORE I will rather take no- 
‘W tice of its operation upon vegetable, 
. as bodies, which corrofive menftuums have 
fcarce been thought fit to diffolve and gtow 
hot with. ‘To omit then cherries, and divers 
fruits abounding in watery juices, with which, 
perhaps on that very account; oil of vitriol 
will grow ot; I fhall here take notice, that, 
for trial fake, having mixed a convenient quar 
tity of that liquor with raifins of the fun beaten 
i a mortar, the raifins grew fo hot, that, if I 
mif-remember not, the glafs, that contained it, 
had almoft burnt my hand. | 
Tuxsz kirid of heats may be alfo produced 
by the mixture of oil of vitriol with divers 
other vegetable fubftances; but, as far as I 
have obferved, fcarce fo eminently with any 
dry body, ds with the crumbs of white bread, 
(or even of brown,) with a little of which we 
ve fometimes produced a furprifing degree 
of heat, with ftrong or well-dephlegmed: oil 
of vitriol, which is to be firppofed to have been 
employed in the foregoing experimenits, and 
all others mentioned to be made by the help 
of that menftruum in our papers about quali- 


ties, unlefs it be in any particylar cafe other- 
wife declared, | 


of HEAT and Coup. 


EXPERIMENT XXi. 


T is as little obferved, that corrofive men: 
{truums are able to work, as fuch, on the 
foft parts of dead animals, as on thofe of ve- 
getables; and yet I have, more than once; pro- 
duced a notable heat, by mixing oil of vitrigl 
with minced flefh, whether roafted or raw. 


EXPERIMENT Xxit. 
Si: OUGH common fea-falt does infually 


impart fome degree, though not an in- 
tenfe one, of coldnefs unto common water; 
during the act of diffolution ; yet fome trials 
have informed me, that, if it were caft into a 
competent quantity of oil of vitriol; there 
would, for the moft part, enfue an incalefcence, 
which yet did not appear to fiucceed fo rezu- 
larly, as in moft of the foregoing experiments: 
But, that heat fhould be. produced ufually, 
though not perhaps conftantly, by the above- 
named menftruum and falt, feems therefore 
worthy of our notice, becaufe it is known to 
chemifts, that common {falt is one main ingte- 
dient of the few, that make up common facti- 
tious fal armoniac, that is wont to be fold.in 
the fhops. And I have been informed, that 
the excellent academians of Florence have ob- 
ferved, that oil of vitriol would not grow hot, 
but cold, ‘by being put upon fal armoniac: 
fomething like which, I took notice of in rec- 
tified {pirit of fulphur, made ger campanam, 
but ‘found the effecét much more confidérable, 
when, according to the ingenious Florentine 


‘experiment, I made the trial with oil of vi- 


trol; which liquor, having already fursifhed 
‘us with as many phenomena fot our prefer 
purpofe, ‘as could be well expected from one 
agent, { thal, fcarce, in this paper about heat, 
thake any farther ufe of it, but proceed to fome 
other eXperiments, wherein it does not inter- 
vene. : 


EXPERIMENT XXII. 


TX 7E tobk a godd lump of coranion ful- 
phur, of a convenient fhape, and, hav- 
ing rubbed gr chafed it well, we found, as we 
expected, that, by this attrition, it grew fen- 
fibly warm; and, ‘that there was an inteftine 
apitation, which you know is local motion, 
made by this attrition, did appear not only by 
the newly trentioned heat, Whofe naturé’con- 
fifts in motion, and by the antecedent preffure, 
which was fit to put the parts into a diforderly 
vibration, but alfo by the fulphureous fteams, 
which it was eafy to {mell, by holding the ful- 
phur to one’s tiofe as foon as it had been rub- 
bed. Which experiment, though it may feem 
trivial in itfelf, may be worth the confidera- 
tion of thofe chemifts, who would derive all 
the fire and heat we meet with in fubluna 
bodies from fulphur. For, in our cafe, am 
of fulphur, before its parts were put into a new 
and brifk motion, was fenfibly cold; and as 
- gon. 
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foon as its parts were put into a greater agita- 
tion than thofe of a man’s fingers, it grew fen- 
fibly hot; which argues, that it was not by its 
bare prefence, or any emanative action, (as the 
{chools fpeak,) that the fulphur communicated 
any heat to my hand; and alfo, that, when it 
was brifkly moved, it did imprefs that quality, 
was no more than another folid body, though 
incombuftible as common glafs, would have 
done, if its parts had been likewife put into an 


agitation furpaffing that of my organs of feel-. 


ing; fo that, in our experiment, fulphur itfelf 
was beholden, for its actual heat, to local mo- 
tion, produced by external agents in its parts. 


EXPERIMENT XXIV. 
We thought it not amifs to try, whether, 


when fal armoniac, that much infrigi- 
dates water, and quick-lime, which is known to 
heat it, were by the fire exquifitely mingled, 
the mixture would impart to the liquor a mo- 
derate or an intenfe degree of either of thofe 
qualities. In profecution of which enquiry, 
we took equal parts of fal armoniac and quick- 
lime, which we fluxed together, and putting 
an ounce, by guefs, of the powdered mixture 
into a vial, with a convenient quantity of cold 
water, we found, that the colliquated mafs 
did, in about a minute, ftrike fo great a heat 
through the glafs upon my hand, that I was 
glad to remove it haftily, for fear of being 
{corched. 


EXPERIMENT XXV. 


‘W E_ have given feveral, and might have 
given many more, inftances of the in- 
calefcence of mixtures, wherein both the in- 
gredients were liquors, or, at leaft, one of them 
was a fluid body. But fometimes heat may al- 


fo be produced by the mixture of two pow- | 


ders ; fince it has been obferved, in the prepa- 
ration of the butter or oil of antimony, that, 
if a fufficient quantity of beaten fublimate be 
very well mingled with powdered antimony, 
the mixture, after it has, for a competent time 
(which varies much according to circumftan- 
ces, as the weather, veffel, place, 8&¢c. wherein 
the experiment is made,) ftood in the air, 
would fometimes grow manifeftly hot, and now 
and then fo intenfely fo, as to fend forth co- 
pious and fetid fumes, almoft as. if it would 
take fire. ‘There is another experiment, made 
by the help of antimony, and a pulverized bo- 
dy, wherein the mixture, after it had been for 
divers hours expofed to the air, vifibly afford- 
ed us mineral fumes, And to thefe I could 
add more confiderable, and perhaps fcarce cre- 
dible inftances of bodies growing hot without 
Tiquors; if philanthropy did not forbid me. 
But, é return to our butter of antimony, it 
feems not unfit to be enquired, whether there 
do not unobfervedly intervene an aqueous moi- 
fture, which (capable of relaxing the falts, and 
fetting them a-work,) I therefore fufpected 
MiEht be attracted (as men commonly {peak) 
frony the air, ftnce the mixture of the anti- 
mony and the fublimate is prefcribed to be 
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placed in cellars; and in fuch we find, that 
fublimate, or at leaft the faline part of it, is 
refolved per deliquium, (as they call it,) which 
is nothing but a folution made by the watery 
{teams wandering in the air. 


EXPERIMENT XXXVI, 


Have formerly delivered fome inftances of 

the incalefcence produced by water in bo- 
dies, that are readily diffolved in it, as falt of 
tartar and quick-lime. But one would not 
lightly expect, that mere water fhould produce 
an incalefcence in folid bodies, that are gene- 
rally granted to be infoluble in it; and are not 
wont to be, at leaft without length of time, 
vifibly wrought on by its and yet trial has af- 
fured me, that a notable incalefcence may be 
produced by cofmmon water in flower or fine 
powder of fulphur, and filings of fteel or iron. 
For when, in fummer-time, I caufed to be 
mingled a good quantity, (as half a pound, or’ 
rather a pound, of each of the ingredients,) 
and caufed them to be thoroughly drenched 
with common water, in a convenient quantity 
whereof they were very well ftirred up and 
down, and carefully mingled, the mixture 
would, in a fhort time, perhaps lefs than an 
hour, grow fo hot, that the veffel, that con- 
tained it, could not be fuffered in one’s hand; 
and the heat was manifefted to other fenfes 
than the touch, by the ftrong fulphureous ftink, 
that invaded the nofe, and the thick fmoke, 
that afcended out of the mixture, efpecially, 
when it was ftirred with a ftick or {patele. 
Whether the fuccefs will be the fame at all 
times of the year, I do not know, and fome- 
what doubt, fince I remember not, that I had 
occafion to try it in other feafons, than in fum- 
mer, Or in autumn. 


EXPERIMENT XXVIII. 


VN the inftances, that chemiftry is wont to 

afford us of the heat produced by the ac- 
tion of menftruums upon other bodies, there 
intervenes fome liquor, properly fo called, that 
wets the hands of thofe, that touch it; andthere 
are divers of the morejudicious chemifts, that join 
with the generality of the naturalifts in denying, 
that quickfilver, which is indeed a fluid body, 
but not a mort and wetting one, in reference 
tous, will produce heat by its immediate ac- 
tion on any other body, and particularly on 
Gold. But, though I was long inclinable to 
their opinion, yet I cannot now be of it, feve- 
ral trials having affured me, that a mercury, 
whether afforded by metals and minerals, or 
impregnated by them, may, by its preparation, 
be enabled to infinuate itfelf nimbly into the 
body of gold, whether calcined or crude, and 
become manifeftly incalefcent with it in lefs 
than two or three minutes of an hour. 


EXPERIMENT XXVIII. 


INCE we know, that fome natural falts, 
and efpecially falt-petre, can produce a 
coldnefs in the water they are diffolved in, I 
thought 
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thought ic might not be impertinent to our en- 
quiry into heat and cold, and might perhaps 
alfo contribute fomewhat to the difcovery of 
the ftruéture of metals, and the falts, that cor- 
rode them, if folutions were made of fome fa- 
liformed bodies, as chemifts call them, that 
are made up of metalline and faline parts, and 
do fo abound with the latter, that the whole 
concretions are, on their account, diffoluble in 
common water. 


Oruer experiments of this fort belonging 


lefs to this place than to another, I fhall here 
only, for example-fake, take notice of one, that 
we made upon quickfilver, which is efteemed 
the coldeft of metals. For having, by diftil- 
ling from it four times its weight of oil of vi- 
“eriol, reduced it to a powder, which, on the ac- 
count of the adhering falts of the menftruum, 
that it detained, was white and olifterng; we 
put this powder into a wide-mouthed glafs of 
water, wherein a fealed weather-clafs had been 
left, before it began manifeftly to heat the wa- 
ter, as appeared by the quick and confiderable 
afcent of the tinéted fpirit of wine, that con- 
tinued to rife, upon putting in more of the ma- 
giftery ; which warm event is the more re- 
markable, becaufe of the obfervation of Hel- 
‘mont, that the falt, adhering to the mercury, 
corroded in good quantity by oil of vitriol, if 
it be wafhed off, and coagulated, becomes a 
kind of alom. 

THE event of the former trial deferves the 
more notice, becaufe, having, after the fame 
manner, and with the fame weather-glafs, made 

an experiment of common water, and the pow- 
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der of vitriolum martis, made with oil of vi- 
triol and the filings of fteel, the tincted {pirit 
of wine was not at all impelled up as before, 
but rather, after a while, began to fubficte, and 
fell though very flowly, about a quarter of an 
inch. The like experiment being tried with 
powdered fublimate in common water, the li- 
quor in the thermofcope was fcarce at all fen- 
fibly either raifed or depreffed, which argued 
the alteration, as to heat or cold, to have been 
either noné, or very inconfiderable. | 

H avine given warniig at the beginnir.: 
of this feétion, that in it I aimed rather at of- 
fering various, than numerous experiments a- 
bout the production of heat, I think, what has 
been already delivered may allow me to take 
leave of this fubject, without mentioning di- 
vers inftances, that J-could eafily add, but think 
it fitter at prefent toomit. For thofe afforded 
me by trials about antiperiftafis belong toa 
paper on that fubject. Thofe, that might be 
offered about potential heat in human bodies, 
would, perchance, be thought but unneceflary, 
after what has been faid of potential coldnefs ; 
from which an attentive confiderer may eafily 
gather what, according to our doé¢trine, is to 
be faid of the contrary quality: And divers 
phenomena, which would have: been of the 
moft confiderable, I could have mentioned of 
the production of heat, fince in them that qua- 
lity is the moft exalted, I referve for the title 
of combuttiblenefs and incombuftibility, having 
already fuffered this colleétion (or rather chaos) 
of particulars about the production of heat, to 
{well to too great a bulk, 


it 
See 
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O make out the mechanical origin, or 

} production of fapors, as far as is ne- 

ceflary for my prefent purpofe, it will 
be expedient to premife in general, that, ac- 
cording to our notion of taftes, they may de- 
pend upon the bignefs, figure, and motion of 
the faporifick corpufcles, confidered feparately, 
and as the affections of fingle, and very mui- 
nute particles of matter; or elfe in a ftate of 
conjunction, as two or more of thefe affections, 
and the particles they belong to, may be com- 
bined or affociated, either among themfelves, 
or with other particles, that were not faporous 
before, And as thefe coalitions, and other 
affociations come to be diverfified ; fo the 
taftes, refulting from them, will be altered or 
deftroyed. 

But, to handle thefe diftinctly, and fully, 
were a tafk not only too difficult and long, 
but improper in this place, where I pretend to 
deliver not fpeculations, but matters of fact: 
in fetting down whereof, neverthelefs, to avoid 
too much confufion, I am content, where I 
can do it readily and conveniently, in fome of 
my trials, to couch fuch references, as may beft 
point at thofe heads, whence the mechanical 
explications may be derived, and confequently 
our do¢trine confirmed. 

By tafte confidered, as belonging to the ob- 
ject, (under which notion [ here treat of it,) 
J mean, that quality, or whatever elfe it be, 
which enables a body, by its operation, to pro- 
duce in us that fenfation, which we feel, or 
perceive, when we fay we tafte. 

Tuat this fomething, whether you will 
call it a quality, or whatever elfe it be, that 
makes, or denominates an object faporous, or 
rather (if I may be allowed a barbarous term) 
faporifick, may fo depend upon the fhape, 
fize, motion, and other mechanical affections 
of the {mall parts of the tafted body, and re- 
fult from the affociation of two or more of 
them, not excluding their congruity, or in- 
congruity to the organs of tafting, may be 
made probable by the following inftances. 


EXPERIMENT LIL 
To divide a body, almoft infipid, into two bodies 
of very firong, and very differing taftes. 


T is obferved, that falt-petre refined, and 

by that purification freed from the fea-falt, 

that is wont to be mingled with it, does ra- 

ther cool the tongue, than make any great 
2. 


faporifick impreffions on it. And though I 
will not fay, that it is, as fome have thought, 
an infipid body; yet the bitterifhnefs, which 
feems to be its proper tafte, is but very faint 
and languid. And yet this almoft infipid body, 
being diftilled by the way of inflammation, 
(which I elewhere teach,) or even ‘by the 
help of an additament of fuch clay, as is itfelf 
a taftelefs body, will afford a nitrous fpirit, that 
is extremely fharp or corrofive upon the tongue, 
and will diffolve feveral metals themfelves, and 
a fixed falt, that is likewife very ftrongly tafted, 
but of a tafte altogether.different from that of 
the fpirit, that is extremely fharp or corrofive 
upon the tongue; and accordingly, this fale 
will diffolve divers compact bodies, that the 
other will not work on, and will precipitate 
divers metals, and other concretes, out of thofe 
folutions, that have been made of them by the 
{pirit. 


EXPERIMENT I, 


Of two bodies, the one highly acid and corrofive, 
and the other alkalizate and fiery, to produce 
a body almoft infipid. 


i lige may be performed by the way I 
have elfewhere mentioned of compofing 
falt-petre. For, if upon a liquor of fixed 
nitre, made per deliquium, you warily drop 
good fpirit of nitre, till it be juft enough to 
fatiate the alkaly, (for if there be too much, or 
too little, the experiment may mifcarry,) we 
may, by a gentle evaporation, and fometimes 
without it, and that in a few minutes, obtain 
cryftals, which, being dried after they have 
been, if it be needful, freed from any adhering 
particles, (not of their own nature,) will have 
upon the tongue, neither a fharp nor an alka- 
lizate tafte, but that faint, and fcarce fenfible 
bitternefs, that belongs to falt-petre, if it be 
pure falt-petre ; for the impure may, perhaps, 
{trongly relifh of the common falt, that is 
ufually contained in it. 

Tue like production of falt-petre we have 
fometimes made in far Iefs time, and fome- 
times indeed in a trice, by fubftituting, in- 
ftead of the fixed falt of nitre, the faline parts 
of good pot-afhes, carefully freed by folution 
and filcration from the earthy and feculent ones. 

I have fometimes confidered, whether the 
phxnomena of thefe two experiments may not 
be explicated, by fuppofing them to arife from 
the new magnitudes and figures of the particles, 

which 
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which the fire, by breaking them, or forcibly 
rubbing them one againft the other, or alfo 
againft the corpufcles of the additament, may 
be prefumed to give them; as if, for example, 
fince we find the larger and beft formed crytftals 
of nitre to be of a prifmatical fhape with fix 
fides, we fhould fuppofe the corpufcles of ni- 
tre to be little prifms, whofe angles and ends 
are too obtufe or blunt to make vigorous and 
deep impreffions on the tongue; and yet, if 
thefe little prifms be by a violent heat fplit, or 
otherwife broken, or forcibly made, as it were, 
to grind one another, they may come to have 
parts fo much fmaller than before, and en- 
dowed with fuch tharp fides, and angles, 
that, being diffolved and agitated by the fpit- 
tle, that ufually moiftens the tongue, their 
{mallnefs may give them great accefs to the 
pores of that organ, and the fharpnefs of their 
fides and points may fit them to ftab and cur, 
and perhaps, fear the nervous and membranous 
parts of the organ of tafte, and that varioully, 
according to the grand diverfities, as to fhape 
and bulk of the faporifick particles themfelves. 
And this being granted, it feemed further con- 
ceivable, that when the alkalizate and acid 
particles come to be put together in the fluid 
mixture, wherein they fwam, many of them 
might, after a multitude of various juftlings 
and occurfions, meet with one another fo 
luckily and opportunely, as to re-compofe lit- 
tle prifms, or convene into other bodies, al- 
moft like thofe, that made up the cryftals of 
nitre, before it was expofed to the fire. To 
uluftrate which, we may conceiye, that, though 
a prifm of iron may be fo fhaped, that it will 
be wholly unfit to pierce the fkin ; yet it may 
be fo cut by tranfverfe planes reaching to the 
oppofite bafes or ends, as to afford wedges, 
which, by ‘the fharpnefs of their edges, may 
be fic both to cleave wood, and cut: the fkin; 
and thefe wedges, being again put together, 
after a requifite manner, may re-compofe a 
prifm, whofe extremes fhall be too blunt to be 
' fit for the former ufe. ‘This may be alfo il- 
luftrated by the breaking of a dry ftick, cir- 
cularly cut off at the ends, which, though it is 
unapt, whilft entire, and of that bulk, to 
prick the hand ; yet if it be violently broken, 
the ragged ends of it, and the {plinters, may 
prove ftiff, flender, and fharp enough to 
pierce and run into the hand: to which divers 
other fuch mechanical iiluftrations might be 
added. But, fince I fear you think, as well 
as I, the main conjecture may not be worthy 
any farther profecution, I fhall not infift any 
longer on it. And becaufe the hiftorical part 
of thefe experiments was for the main de- 
livered by me already in the effay about the 
analyfis and redintegration of nitre, I fhall 
now proceed to other trials. 


EXPERIMENT JIL 


Of two bodies, the one extremely bitter, and the 
other exceeding falt, to make an infipid mixture. 


T° make this experiment, we muft very 
-& warily pour upon cryftals made. of filver, 
diffolved in good aqua fortis or fpirit of nitre, 


{trong brine made of common falt and water. 
For the mixture of thefe two being dried, and 
afterwards brought to fufton in a crucible, and 
kept a competent while in that ftate, will af- 
ford a tough mafs, the chemifts call luna cor- 
nea, which you may lick divers times, and 
{carce judge it other than infipid ; nor will it 
eafily be brought to diffolve in much more 
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piercing menftruums than our fpittle, as I have. 


elfewhere fhewn. 


EXPERIMENT IV. 


Of two bodies, the one extremely fweet,.and the 
other falter than the firongeft brine, to make 
aninfipid mixture. 


HE doing of this requires fome fkill and 
T much warinefs in the experimenter, 
who, to perform it well, muft take a ftrong 
folution of minium, made with an appropriated 
menftruum, as good {pirit of vinegar, or elfe 
faccharum fatcurni itfelf, diffolved in a conve- 
nient vehicle; and then muft have great care 
and caution to put to it, by degrees, a jutft 
proportion of ftrong fpirit of fal armoniac, or 
the like urinous fpirit, till the whole be preci- 
pitated ; and if the two former taftes are not 
{ufficiently deftroyed in the mixture, it may be 
dried and fluxed, as was above direéted about 
luna cornea. 


EXPERIMENT VV. 


Of an infipid body and a four one, to make a fub- 
Stance more bitter than gallor aloes. 


THIS 1s eafily performed by diffolving in 


{trong {pirit of nitre or good aqua-fortis : 


as much pure filver as the menftruum will take 
up ; for this folution, being filtrated, has been 
often efteemed more bitter than fo much gall 
or wormwood, or any other of thofe fimples, 
that have been famous for that quality : and if 
the fuperfluous moifture be abftracted, you may 
by coagulation obtain cryftals of luna, that have 
been judged more ftrongly bitter than the fo- 
lution itfelf. And that the corpufcles of thefe 
cryftals fhould leave a far more lafting tafte of 
themfelves, than the above-mentioned bitter 
bodies are wont to do, will not feem fo mar- 
vellous, as I remember fome, that tried, have 
complained; if we take notice, how deep the 
particles of thefe cryftals may pierce into the 
{pungy organs of tafte, fince, if one does but 


touch the pulp or nail of one’s finger, (firft a- 


little wetted with {pittle or otherwife,) with 
the powder of thefe cryftals, they will fo pene- 
trace the fkin or nail, and ftick fo faft there, 


that you cannot in a reafonable time wafh the - 


ftain off of the fkin, and much lefs off of the 
nail, but it will continue to appear many hours 
on the former, and many days on. the other. 


EXPERIMENT VI. 


Of an infpid body and a bighly corroftve one, ta 
make a fubftance as fweet as fugar. 


HIS is eafily done, by putting upon 
good minium purified aqua-fortis or {pi- 

rit of nitre, and letting them work upon one 
7 another 
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another in a gentle heat, all the liquor have 
diffolved its full proportion of the metal. For 
then, if the ingredients were good, and the ope- 
ration rightly performed, the menftruum would 
have a fweetnefs like that of ordinary faccharum 
faturni. But it was not for nothing, that | in- 
timated, the ingredients fhould be alfo pure 
and good in their kind ; for, if the minium be 
adulterated, as often it is, or the {pirit of nitre 
or aqua-fortis be mingled, as it is ufual before 
it be purged with fpirit of common falt, or 
other unfit ingredients, the operation may be 
fuccefslefs, as I have more than once obferved. 


EXPERIMENT VII. 


Of obtaining, without addition from the fweeteft 
bodies, liquors corrofive enough to diffolve 
metals. 


F fugar be put into a fufficiently capacious 
retort, and warily diftilled, (for otherwife 


it will be apt to break the veffel) it will afford, 


among other things, a copious red {pirit, 
which, being flowly rectified, will lofe its 
colour, andcome over clear. The caput mor- 
tuum of the fugar, which I have more than 
once had of an odd contexture, may be found 
either almoft or altogether infipid. And 
though the fpirit will be of a very penetrant 
tafte, yet it will be very far from any kind of 
fweetnefs ; and though that liquor be thought 
to be homogeneous, and to be one of the prin- 
ciples of the analized fugar, yet (as I have 
elfewhere fhewn) I found it to be a mixture of 
two fpirits; with the one of which, befides 
bodies of a lefs clofe texture, I diffolved (even 
in the cold) crude copper, as was eafy to be 
feen by the deep and lovely colour of the {o- 
“lution. And to thefe four fpirits, afforded by 
fugar itfelf, we have reftored a kind of fac- 
charine fweetnefs, by compounding them with 
the particles of fo infipid a body as minium ; 
part of which they will in digeftion diffolve. 
A like fpirit to that diftilled from fugar may be 
obtained from honey; butin regard of its apt- 
nefs to fwell exceedingly, chemifts are not 
wont to diftil it without fand, brick, or fome 
other additament. 


EXPERIMENT VII. 

To divide a body, bitter in the highe/t degree, in- 
to two fubftances, the one extremely four, and 
the other perfeéily infipid. 

“HIS is eafily done by putting fome fine 
cryftals of Luna into a good retort, and 

then diftilling them in a fand-furnace, capable 
of giving them fo ftrong a fire, as to drive a- 
way all the fpirits from the filver. For, this 
remaining behind, according to its metalline 
nature, will be infipid, and the fpirits, that are 
driven away from it, will unite in the receiver 
into an acid and corrofive menftruum. 


EXPERIMENT IX. 
To produce variety of taftes in one infipid body, 
by affociating it with divers menftruums. 


A this operation may, upon the account I 

elfewhere mention, be ferviceable to in- 

veftigate the figures of the particles of diffolved 
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metals and other bodies; fo it is very fit to ma 
nifeft, what we would here have it fhew, how 
much tafte may be diverfified by, and confe- 
quently depend upon texture; fince a body, 
that has no tafte, may, in conjunction with 
fapid bodies, give them {trong taftes, all differ- 
ing from one another, and each of them from 
that, which the faporous bodies had before. I 
could propofe divers ways of bringing this to 
trial, there being feveral infipid bodies, which 
I have found this way diverfifiable. But be- 
caufe I remember not, that I have met with 
any mineral, that is diffoluble by near fo many 
faline menftruums, as zink, I look on that, as 
the moft fertile fubject to afford inftances to 
our prefent purpofe. For I have found, that 
it will be diffolved, net only by aqua-fortis, 
aqua regis, oil of vitriol, {pirit of nitre, fpirit 
of falt, and other mineral menftruums, but al- 
fo by vegetable fpirits, as diftilled vinegar, and 
by animal ones too, as fpirit of fal armoniac ; 
though the one be acid, and the other urinous. 
And if the feveral folutions, which may be 
made of this mineral, by fo many differing ]i- 
quors, be compared, the number of their dif- 
fering taftes will fuffice to make good the title 
of the experiment. 


EXPERIMENT X. 


To produce variety of taftes with one menftruum, 
by affociating it with infipid bodies. 
T HIS propofition a mathematician would 
go near to call the converfe of the fore- 
going ; and as it may ferve, as well as that, to 
difcover the ftructure of the minute parts of 
divers metalline and mineral bodies; {o it may 
not only as well, but better than that, ferve 
us to illuftrate the corpufcularian doétrine of 
taftes, by fhewing us, that a fingle, and, as 
far as chemiftry teaches us, a fimple body, en- 
dowed with a peculiar tafte, may, by being 
compounded with others, each of them infipid 
of itfelf, produce a confiderable number of 
differing taftes. ‘There may be more inftru- 
ments than one made ufe of in this trial; but 
of thofe, that are known, and we may eafily 
obtain, the moft proper are fpirit of nitre, and 
good aqua-fortis: for that, with refined filver, 
will make a folution bitter as gall; with lead, 
it will be of a faccharine fweetnefs ; with that 
part of tin, which it will. keep diffolved, (for 
the greateft it is wont but to corrode and pre- 
cipitate) it produces a tafte very diftant from 
both the former, but not odious; with copper, 
it affords an abominable tafte; with mercu 
and iron, it affords other kinds of bad _taftes. 
Nor are metals the only mineral bodies it will 
work upon; for, it will diffolve tin-glafs, an- 
timony, brafs; to which I could add emery, 
zink, and other bodies, whereon I have tried 
it, All which together will make up no de- 
fpicable number of differing taftes, | 


EXPERIMENT XI. 

Of two liquors, the one highly corrofive, and the 
. other very pungent and not pleafant, to com- 
pole a body of a pleasant and aromatick tafte. 

B lage experiment, which I elfewhere men- 
tion to other purpofes, does in fome re- 
| gards 
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gards better fuit our prefent defign, than moft 
of the foregoing ; fince here the corrofive men- 
{truumi is neither mortified by fixed nof uri- 
hous falts, fuppofed to be of a contrary nature 
to it; nor yet, as it were, tired out nor difarmed 
by corroding of metals or other folid bodies. 
THe experiment being fomewhat dangerous to 
make at firft in great, it may fiifice for our 
prefent turn, to make it in the lefs qiiantity, 
as follows. | 
Take one ounce of ftrone-fpirit of iitre, or 
of very good aqua-fortis itfelf, and put to it by 
Jittle and little, (which'caution, if you neglect, 
you may foon repent it,) another ounce of 
fuch rectified {pirit of wine, as, being kindled 
ina fpoon, will flame all away: when thefe 
two lisuors are well mixed, and grown cold 
apain, you may, after fome digeftion, or, if 
hafte require, without it, diftil them totally 
over together, to unite themi’ exquifitély into 
one liquor, in which, if the operation have 
een well performed, the corrofive particles of 
the falts will riot only lofe all their cutting aci- 
dity, wherewith they woufded the palate, ; 
but by their new compofitioh with. the vinous 
{pirits, the liqnor acquires a vinous tafte, that 
is not only not acid or offenfive, but ' very 
pleafing, as if it belonged to fome new or un- 
known {pice.. 


EXPERIMENT XI 


To imitate hy art, and fometimes even in mine- 
vals, the pecuhar taftes of natural bodies, 
and even vegetables. : =, 


TW HTS is not a fit place to declare, in what 

ai fenfe I de‘or do not admit of fouls in ve- 
getables, nor what I allow or’ deny to the {e- 
‘minal or plaftick principle afcribed to plants : 
‘but perhgps it will not be erroneous to con- 
ceive, that, whatever be the agent in reference 
to thofe taftes, that are faid to be fpecifick to 
this or that ‘plant, that,. on whofe ummediaté 
account it is, or becomes of this or that, nature, 
is a complication ef tmhechanical affections, as 
‘fhape, fize, &c,in the partiglés of that matter, 
‘which is faid to be endowéd with fuch a fpeci- 
‘ficle tafte. | 


al Load 


to alter the fenfible qualities of fmell, talte; 8c. 
ae e oF, , te; . gi: . s plq: © { f’' re *. ' d qe+ gs oda 
of oil of vitriol, ‘and {pirit of wine, ‘I obtained 


re or 


mouth, think it had been imbued with garlick. 
- .Anop this brings into my mind, that a fkil- 
ful perfon, famous for making good cyder, 
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coming one day to advife with me, what he 
fhould do to heighten the tafte of it, and make 
it Keep the longer, compldifed to ime, that 
having, among other trials, put into 4 gdod 
veffel: full of jpice Of apples a certain propor- 
tion of muftard feed, with hopes it would make 
the cyder more fpirituous and piguant,: he 
found, to his wonder and lofs, that, when he 
came to draw it, it ftunk of garlick fo rank, 
that every body rejected it. — Oo 

_ remember alfo, that, by fermentirig 4 cer+ 
tain proportion’ (for that we found requifite 


of femen dauci with beer or ale, the liquor ha 


a very pleafant relifh of lemon-pills. 
But that feetns much more confiderable, 


which I fhall now add ; ;thaty wich 20 ipfipid 


metal and a very corrofive menitruum, one 
may compound a tafte, that I have. feyeral 
times obferved to be fo like a yegetable; that 
I_prefiime’ it may deceive many. - Thistmay 
be done by. diffalving’ gold, without any, grofs 
falt, in the mixture of aqua;fortis and the. {pi- 
rit of falt, or even in common aqua-regis, 
made by diffolving fal-armoniac in aqua-fortis; 
For if the experiment be ‘happily. made, one 
may obtain, eyther a folution or a alt, whofe 
auftere tafte willvery inuch refemble that of flees, 


or of unripe bullace. And thig tafté, with {ame 


little variety,-I found in gold diffolved without 
any diftilled liquor at all; and‘alfo, if I much 


forget not, in geld, that hy.a peculiar men- 


ftruum I had yolatilized.. | - 
Tue laft inftance [ thall give of the imita- 


tion of taftes, I found to have, been; for the 


main, known to, fome ingenious fadies, - But 
to make the ¢xperiment fuceeed very ‘well, 
adue proportion is the principal circumftance, 
which is wont to be neglected.’ I cannot rea- 
ceed beft; but, the trial “may, be indifferently 
well made after fuch a manner,as this: .,, 

TAKE a pint or a.pqund.of #Zalaga or Ca- 
nary fack, (for though: French, and the like 
wines, may ferve the turn, yet they are not fo 
proper) and put into it 3 drachm or two of 
good odoriferous. orrice roots, cut into thin 
flices, and Jet thema infufe in the liqudr a .con- 


. venient time, till you perceive, that they havé 


given it adefired tafte and fmell; then keep 
the thus perfimed wine exactly ftoppéd in a 
cool place : according to which way, I remem- 
bef, that (when I hit on ‘the right proportion 
of ingredients, and kept theni a due time in 
infufion) Thad many years-ago a wine, which, 
being coloured with cqchineal, or fome fuch 
tinging ingredient, was taken for good rafber- 
ry-wine, .not,only by ‘she ge eto but, a+ 
mong others, by’ a couple of eminent phyfi- 
clans, one of ,whom pretended to dn extraor- 
dinary ¢riticalnefs, of palate on, fuck occafions ; 
both of ther wandering, how at fuch an un- 
likely time of ‘the year, as I chofe to prefent 
thera that liquor among ‘others, I cofld” have 
fuch excellent rafberry-wine: fome of which 
(to add that by the by) I found to preferve the 
{pecifick tafte two or three years after 1t was 
made, 


7 IL, A 


589 


dily call to mind that, which I fourid to fuc: ° 


A Short Excursion about fome CHANGES made of 
TASTES by MarvratTion. 


T will not perhaps be thought impertinent 
but rather neceffary, to add a word or two 

on this occafion for their fakes, that think the 
Maturation of fruits, and the changes of taftes, 
by which it is ufually known, muft needs be 
the effect of the vegetable foul of the plant. 
For, after the fruit is gathered, and fo, by be- 
ing no longer a part of the tree, does, accor- 
ding to the moft common opinion, ceafe to be 
a part of the living plant, as a hand or a foot 
cut off isno more reckoned among the limbs 
of the man it belonged to; yet it is very pof- 
fible, that fome fruits may, receive maturation, 
after they have been fevered from the plants, 
that bore them. For, net to mention, that 
apples, gathered fomewhat before the time, by 
lying in heaps, do ufually obtain a mellownefs, 
which feems to be a kind or degree of matura- 
tion; or that medlars, gathered whilft they are 
hard and harfh, do become afterwards in pro- 
cefg of time foft and better tafted ; in which 
ftate, though fome fay they are rotten, yet others 
think that fuppofed rottennefs is the proper ma- 
turity of that kind of fruit: not to mention 
thefe, I fay, or the like inftances, it is a fa- 
mous affertion of feveral writers of the Indian 
affairs, that the fruit they call bananas, is ufually 
gathered green, and hung up in bunches or 
clufters in the houfe, whereby they ripen by 
degrees, and have an advantageous change 
made both of their colour and of their tafte. 
And this an ancient acquaintance of mine, a 
literate and obferving perfon, of whom I en- 
quired about it, affured me, he had himfelf 
lately tried and found to be true in “merica. 
And indeed I fee not, why a convenient de- 
gree of warmth, whether external from the 
fun and fire, or internal from fome degree of 
fermentation or analogous inteftine commotion, 
may not (whether the fruit be united to the 
plant or no) put the faporifick corpufcles into 
motion, and make them, by various and in- 
fenfible tranfcurfions, rub againft each other, 
and thereby make the little bodies more flen- 
der or thin, and lefs rigid, or cutting and 
harfh, than they were before, and by various 
motions bring the fruit they compofe to a ftate, 
wherein it is more foft in point of confiftence, 
and abound in corpufcles lefs harfh and more 
pliable, than they were before, and more con- 
sruous to the pores of the organ of tafte ; and, 
in a word, make fucha change in the conftitu- 
tion of the fruit, as men are wont to exprefs 
by the name of Maturity. And that fuch me- 
chanical changes of texture may much alter the 
gualities, and among them the tafte of a fruit, is 


obvious in bruifed cherries and apples, which in 
the bruifed partsfoon come tolookand tafte other- 
wife than they did before. The poffibility of 
this is alfo obvious by wardens, when flowly 
roafted in embers, with fo gentle a fire, as not 
to burn off the paper they are wont to be 
wrapped in, to be kept clean from the afhes. 
And I have feen in the bordering country be- 
tween france and Savoy, a fort of pears, 
(whofe name I now remember not,) which be- 
ing, kept for forne hours in a moderate heat, in 
a veffel exactly clofed, with embers and afhes 
above and beneath them, will be reduced to 2 
juicy fubftance of a lovely red colour, and ve- 
ry {weet and lufcious to the tafte. Many o- 
ther forts of fruit in other countries, if they 
were handled after the fame way, or otherwife 
{kilfully wrought on by a moderate heat, 
would admit as great alterations in point of 
tafte. Neither is that fort of pear to be here 
omitted, which by mere compreffion, duly 
ordered, without external heat, will in a few 
minutes be brought toexchange it’s former hard- 
nefs and harfhnefs for fo yielding a contexture 
and pleafant a tafte, as I could not but think 
very remarkable. And that even more folid 
and ftubbornfalts, than thofe of vegetables, may 
have the fharpnefs and piercingnefs of their taftes 
very much taken off by the bare internal action 
of one part upon the other, without the addi- 
tion of any fweetening body, I have been in- 
duced to think by having found, upon trial, 
that, by the help of infipid water, we may, 
without any violence of fire, reduce fea-falt in- 
toa brine of fo mild and peculiar (I had al- 
moft faid) pleafant a tafte, that one would 
{carce fufpect what it had been, or believe, that 
fo great a change of a mineral body could be 
effected by fo flight an inteftine commotion, as 
indeed produced it; efpecially, fince the alte- 
ration of taftes was not the moft confiderable, 
that was produced by this operation. 

As to liquors, that come from vegetables, 
the emerging of new fapors upon the inteftine 
commotion of the faporifick parts, as confe- 
quences of fuch commotions, is more obvious 
than is commonly confidered in the juice of 
grapes, which, froma fweet and fpiritlefs li- 
quor, do by that internal motion, we call fer- 
mentation, acquire that pleafing pungency and 
brifknefs of tafte, that belongs to wine, and 
afterwards degenerates into that acid and cut- 
ting tafte,- that is proper to vinegar; and all 
this, by a change of conftitution made by the 
action of the parts themfelves on one another, 
without the help of any external additament. 
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~ Mechanical Production of ODOURS. 


fon of the nearnefs of the organs they 

affeét) are wont, by phyfical writers, to 
be treated of next to one another, I alfo fhall 
imitate them in handling thofe two qualities, 
not only for the intimated reafon, but becaufe, 
what I have premifed in general, and fome o- 
ther things, that I have faid already under the 
title of taftes, being applicable to odours alfo, 
it will not be neceffary, and therefore it would 
be tedious, to repeat them here. 


EXPERIMENT IL 


With two bodies, neither of them odorous, t0 
produce immediately a firrong urinous {mell. 


AKE good quick lime and fal armoniacs 

and rub or grind them well together, and 

holding your nofe to the mixture, you will be 

faluted with an urinous {mel] produced by the 

particles of the volatile falt, untied by this o- 

peration, which will alfo invade your eyes, and 
make them to water. 


EXPERIMENT IL 


By the bare addition of common water, to pro- 
duce immediately a very ftrong fimell in a body, 
that bad no fuca finell before. 


HIS is one of the phenomena of an ex- 
periment made with camphire and oil of 
vitriol, which I have ‘elfewhere mentioned to 
another purpofe. For, if in that corrofive 
menftruum you diffolve a good proportion, 
but not too much, of the ftrongly fcented gum, 
the odour of the camphire will be quite con- 
cealed jn the mixture; but if you pour this 
mixture into a good quantity of fair water, the 
diffolved gum will immediately recover out of 
the menftruum, and fmell as {trong as before, 
if not (by reafon of the warmth produced in 
the operation) more ftrongly. 


EXPERIMENT Il. 


Of producing fome odours, each of them quite 

differing from that of any of the ingredients, 

i A VING taken two ounces, or parts 
.& of clear oil of turpentine, and mixed it 

with one ounce, or part, of oil of vitriol, (which 


S NCE taftes and odours (perhaps by rea- 


muft be done by degrees, for otherwife the vef, 
fel will be endangered,) the clear liquor, tha 

came over, upon the diftillation of the mix- 
ture ina fand-furnace, inftead of the odour of 
turpentine, (for the oil of vitriol alone is wont 
to beinodorous,) {melt very ftrong of fulphur ; 
infomuch, that once, when I fhewed this expe- 


_riment, approaching my nofe very boldly and 


haftily to the receiver newly fevered from the 
retort, the fulphureous ftink proved fo ftrong, 
that it had almoft (to fpeak with the vulgar) 
taken away my breath. And to illuftrate yet 
farther the poffible emergency of fuch odours 
upon the mixture of ingredients, as neither of 
them was apart endowed with, we caufed the 
fubftance, that remained behind in the retort 
(in the form of a thin extract) after one of the 
newly mentioned diftillations to be farther preffed 
by a ftronger fire, which forced moft of it over, 
partly in the form of a thick oil, and partly in 
that of butter ; both which we keep together 
in the fame vial, becaufe their odour is neither 
that of oil of turpentine, nor that of brim- 
{tone, but they fmell exceedingly like the dif 
tilled oil of bees-wax. , 


EXPERIMENT HIV«. 


About the produttion of fome odours by local 
motion. 


Shall not now examine, whether the local 
motion of an external agent may not, with- 

out materially concurring to the operation, 
produce, by agitating and fhuffling the parts, 
odorous corpufcles: but that the celerity and 
other modifications of the local motion of the 
effluvia of bodies may not only ferve to diver- 
fify their odours, but fo far produce them, as 
to make them perceptible by the fenfe, which 
otherwife would not be fo, may be gathered 
from fome obfervations, which, being obvious, 
are not fo proper for this place. Wherefore I 
fhall rather take notice, that I know feveral 
bodies, that are not only inodorous when 
cold, but when confiderably hot, and are fixed 
in the fire, and yet, by having their parts put 
into a peculiar kind of agitation, will prefently 
grow plainly odorous. On this occafion I thall 
a add, 
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add, that, as there are fome very hard woods, 
that acquire a {trong fmell by the motion they 
may be expofed to in a turner’s lath, (as I have 
obferved by trials particularly made with the 
hard and ponderous lignum vitz,) fo fome 
afford, whilit the operation lafts, an unex- 
pected odour. And having enquired about 
this matter of two eminent artifts, (whom I 
often employ) concerning the odour of beech- 
wood, whilft it is turning, they both agreed, 
that it would emit well-{cented effluviums. 
And one of them affirmed to me farther, that, 
having bought a great block of that wood, to 
make divers pieces of workmanfhip: with it, 
when he came to turn it, there would iffue out 
not only acopious odour, but of fuch a pecu- 
liar fragrancy, that one, that knew not whence 
it proceeded, would have concluded he was 
{melling rofes. 


EXPERIMENT V. 


By mixing a good proportion of a very ftrongly 
feented body with ax almoft inodorous one, to 


deprive it fpeedily of all its fmell. 


AKE. falt of tartar, and drop upon it 
either fpirit of nitre, or.aqua fortis, not 
too much dephlegmed, till all the effervefcence 
ceafe, and the liquor will no longer work upon 
the alcali. Thefe, by a flow evaporation of 
the fuperfluous moifture, may be made ta fhoot 
into cryftals, like thofe of nitre, which, after 
you have (if need be) by rubbing them with 
a dried cloth, freed them from loofe adhering 
corpufcles, will emulate falt-petre, as in other 
qualities, fo in its not being odorous ; though, 
if you diftil them, or burn them on kindled 
coals, their fumes will quickly make you fenfi- 
ble, that they abounded with the ftinking fpirits, 
that make aqua fortis fo offenfive to the finell. 


EXPERIMENT VI. 


By putting a very ftrongly flinking body to ano- 
ther of a not fweet {mell, to produce a mixture 
of a pleafant and ftrongly aromatic odour. 


Wat is here propofed is performed 
at the farne time, that the eleventh of 
the foregoing experiments of taftes is made. 
For the liquor thereby produced, if it be well 
prepared, has not only a {picy tafte, but alfo a 
kind of aromatic and pleafant {mell; and I 
have fome now by me, that, though kept not 
over-carefully, does, after fome years, retain 
much of its former odour, though not fo much 
as of .its tafte. 3 


EXPERIMENT VIL 


By digefting two bodies, neither of them well 
feented, ta produce bodies of a very fubtile 
and ftrongly fragrant odour. 


WE. took a pound (for inftance) of Spanith 
wine, and put to it fome ounces of oil 
of vitriol; then, keeping them for a reafonable 
time in digeftion, we obtained, as we expected; 
a mixture Odoriferous enough. But this trial 


you will ind improved by that, which enfues. 


2 
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EXPERIMENT VII. 


By the bare addition cf a bady alinaft inodorous,- 
and not well fcented, to give a pleafant and 
aromatic {mell to [pirtt of wine. 


NHIS we have feveral times cone, hy 
the ways elfewhere related for another 
{cope, the fum of which, as far as it needs be 
mentioned in this place, is this ; ; 
We took good oil of blue vitriol (that was 
brought from Dautzic) though the very com- 
mon will ferve well, and having put to it, by 
degrees; an equal weight of {pirit of wine to- 
tally inflammable, we digefted them together, 
for two, three, or four weeks, (fornetimes much 
longer, and then with better fuccefs ;) from 
which, when we came to diftil the mixture, we 
had a very fragrant fpirit, which was fometimes 
fo fubtile, that, though diftilled in a tall glaf 
with a gentle heat, it would (in fpite of our 
care to fecure the clofenefs of the veffels at the 
junctures) pierce through, and fill the Jabora- 
tory with a perfume, which, though men could 
not guefs what body afforded it, yet they could 
not but wonder at it. Whence we may learn, 
both how much thofe {pirituous and inflammable 
particles, the chemifts call the vegetable ful- 
phur of wine, may work on and enoble a mi- 
neral fulphur; (for, that fuch an one there ig 
in oil of vitriol, I have elewhere proved by 
experience; ) and how nuich the new commif- 
tions and contextures, made by digeftion, may 
alter the odours of bodies, whether vegetable or 
mineral. ‘That alfo another conftitution of the 
fame matter, without any manifeft addition or 
recefs of particles, may proceed to exhibit a 
very differing {mell, will appear by the follow- 
ing trial, 


EXPERIMENT IX. 


To make the formentioned fragrant body, with- 
out addition or fire, digenerate into the rank 


fuell of garlick. 


O make out this, I need only relate, that 
I have more than once put the above 
mentioned fragrant liquor in ftopped glaffes, 
whereof the one, and not the other, ftood in a 
warm place, till, in procefs of time, I found 
that odoriferous liquor fo to degenerate in point 
of {cent, that one would have thought it to 
have been ftrongly infeéted with garlick, And 
the like unpleafant {mell I obferved in a certain 
oil made of vegetable and mineral fubftances 
diftilled together. 

Anp on this occafion I will add, (though 
not as an argument,) this obfervation, which 
though I fhall not undertake it will always fuc- 
ceed, I think may not impertinently be fee 
down in this place, partly becaufe of the like- 
nefs of the odour produced, to that, which was 
the effect of the laft named trial; and partly 
(or rather cheifly) becaufe it may fhew us, that 
a body, which itfelf is not only inodorous, but 
very fixed, may yet, in fome cafes, have a great 
ftroke in the phznomena of odours; whe- 
ther by being wrought on by, and fometimes 

mingled 


the Mechanical ProduGtion of Opours. 


tningled with, the parts of the odorous body, 
and thereby giving it a new modificatian, I fhall 
not now ftay to enquire. 

WE took then good falt of tartar, and put 
to it, feveral times, its weight of the expreffed 
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confirmed by what is above related concern- 
ing counterfeit rafberry wine, wherein thole, See in the 
that drank it, believed they did not only paper of - 
tafte; but {mell the rafberry ; fo fometimes na- es. 


« : ies ; er. Xil. 
ture feems to imitate herfelf, in giving like 


juice of onions; we kept them in a light di- 
geftion for a day or two, and then unftopping 
the vial, we found the former fmell of the o- 
nions quite degenerated into a rank {mell of 
garlick, as was judged, even when frefh juice 
of garlick was procured to compare them. To 
vary this experiment, we made, with fixed falts, 
and fome other ftrongly {cented juices, trials, 
whofe events it would perhaps be tedious here 
to relate. 


EXPERIMENT X. 


With an inodorous body, and another not well 
fcented, to produce a mufky fmell. 


HIS we have fometimes done by caft- 
ing into fpirit (not oil) of vitriol a large 
proportion of {mall pearls unbroken. For the 
action of the acid menftruum upon thefe be- 
ing moderated, partly by the weaknefs of the 
menftruum, and partly by the entirenefs of the 
pearls, the diffolution would fometimes laft 
many hours. Holding, from time to time, 
my nofe to the open orifice of the glafs, it was 
eafy to perceive a pleafant mufky fmell, which 
alfo others, to whom I mentioned it, took no- 
tice of, as wellas I. And, if I mifremember 
not, I took notice of the like fmell, upon pearls 
not only diffolved in fpirit of vinegar, but in 
another liquor, that had but a bad {cent of its 
own. The foregoing experiment calls to my 
mind that, which follows. 


EXPERIMENT XL. 


With fixed metals, and bodies either inodorous or 
Jtinking, to produce ftrong and pleafant fmells, 
like thofe of fome vegetables and minerals. 


Tt HAT gold is too fixed a body to emit 
any odour, and that aqua regis has an 
odour, that is very {trong and offenfive, I think 
will be eafily granted. But yet aurum fulmi- 
nans being made (as it is known) by precipi- 
tating, with the inodorous oil of tartar, the fo- 
lution made of the former in the latter, and this 
precipitate being to be farther proceeded with 
in order to another experiment ; we fulminated 
it per fe in a filver veffel like that, but better 
contrived, that is (if I mifremember not) fome- 
where defcribed by G/auberus. And among; o- 
ther phzenornena of this operation, that belong 
not to this place, we obferved with pleafure; 
that, when the fulmination was recently made, 
the fteams, which were afforded by the metal, 
that had been fired, were endowed with a de- 
lightful fell, not unlike that of mufk. Fromm 
which experiment, and the foregoing, we may 
learn, that art, by lucky contextures, may imi- 
tate the odours that are prefumed to be natural 
and fpecifick ; and that mineral and vegetable 
{fubftances may compound a {mell, that is thought 
to be peculiar to animals. 

AND as art fometimes imitates nature 
in the production of odours, as may be 
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odours to bodies extremely differing. For, not 
yet to difmifs the fmell of mufk, there is a cer- 
tain feed, which, for the affinity of its odour 
to that perfume, they call the mufk-feed ; and 
indeed, having fome of it prefented me by a 
gentleman, that had newly brought it from the 
Weft-Indies, 1 found it, whilft it was frefh, to 
have a fragancy fuitable to the name, that was 
given it. There is alfo a fort of rats in Mu/- 
covy, whofe fkins, whereof I have feen feveral, 
have a {mell, that has procured them the name 
of mufk-rats. To which I know not whether 
we may not add the mention of a certain fort 
of ducks, which fome call mufk-ducks, be- 
caufe at a certain feafon of the year, if they 
be chafed by violent motion, they will, under 
the wing, emit a mufky inftead of a fweaty 
fcent; which, upon trial, I perceived to be 
true. On the other fide, I have known a 
certain wood, growing in the Jndies, which, 
efpecially when the fcent is excited by rub- 
bing, ftinks fo rankly, and fo like Para- 
celfus’s zibetum occidentale, (ftercus huma- 
num) that one would {wear it were held under 
his nofe. And fince I have been fpeaking of 
good fcents, produced by unlikely means, I 
fhall not pretermit this obfervation, that, though 
generally the fire impreffes a ftrong offenfive 
{mell, which chemifts therefore call empyreu- 
matical, upon the odorous bodies, that it works 
{trongly on; yet the conftitution of a body 
may be fuch, that the new contexture, that is 
made of its parts, even by the violence of the 
fire, fhall be fit to afford effuviums, rather a- 
greeable to the organs of {melling, than any 
way offenfive. For I remember, that, having, 
for a certain purpofe, diftilled faccharum Sa- 
turni in a retort with a ftrong fire, I then ob- 
tained, (for I dare not undertake for the like 
fuccefs to every experiment,) befides a piercing 
and empyreumatical liquor, that was driven 
over into the receiver, a good lump of a caput 
mortuum, of a grayifh colour, which; notwith- 
{tanding the ftrong impreffion it had received 
from the fire, was fo far from having any em- 
pyreumatical fcent, that it had a pleafing one; 
and when it was broken, {melled almoft like a 
fine cake new baked, and broken; whilft yet 
warm. And as the fire; notwithftanding the 
empyreuma it is wont to give to almoft all the 
bodies it burns, may be reduced to confer 4 
good f{mell on fome of them, if they be fitted 
upon fuch a contexture of their parts, to emit 


fteams of fuch a nature, (whatever were the 


efficient caufe of fuch a contexture;) fo we ob- 
ferve in the mufk animal, that nature in that 
cat, or rather deer, (though it properly belong 
to neither kind,) produces mufk by fuch a 
change, as is wont in other animals to produce 
a putrefactive ftink. So that, provided a due 
conftitution of parts be introduced into a por- 
tion of matter, it may, on that account, be en- 
dowed with noble and defirable fcents, or other 
qualities, though that conftitution were intro- 
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duced by fuch unlikely means, as combuftion 
and putrefaction thernfélves. In confirmation 
of which, I fhall fubjoin, in the enfuing ac- 
count, a notable; though cafual pheenérrenon, 
that occurred to a couple of virtuofi of my ac- 
quaintance. 

Aw eminent profeffor of mathematicks af- 
firmed to me, that, chancing one day in the 
heat of fummer, with another mathematician, 
(who, I remembet, Was prefent, when this was 
told,) to pafs by a large dunghil, tliat was then 
in Eincol#’ s-innfields, when they came to a 
certain diftance froin it, they were both of 
then furptifed to meet with a very ftrong 
fell of mufk, (occaffoned; probably, by a 
cettain degree or a peculidi kind of putrefac- 
tion,) which éachi was for 4 while fhy of taking 
notice of, for fedr his compahion thould have 
laughed at hirn for it, but, whth they came 
much nearet the dtinghil, that pleafing fmell 
was fucceeded by a ftink propet to fuch a heap 
of excremtnts. This puts me in mind of ad- 
dih¢, that, chough the excrements of animals, 
dnd patticulatly their fweat, are ufually foetid ; 
yet, that it is not the naturé of an €xcrerhent, 
but the coiftitutions, that ufually belong to 
thern, make them fo, hath feeried probable to 
me, upon fome obfetvations. For, not to 
triention what is related ‘of Mexaniler the Great, 
{ knew a pentlenian of a very happy tetipe- 
rature of Body, whofe fweat, upon a critical 
Exatiination, wherein 1 made ufe alfo of a fur- 
Eantat fould to 'bé fragrant; which was con- 

rmed alfo by fomie learned tren of my ac- 
Quaintaice, and paiticularly a ‘phyfician, that 
ay with him. 

Thoucn civet ufually paffes for a perfume, 
and as fitch is wont ‘to He botteht at a great 
rate 5 qc it feerns to be ‘but a clammy excre- 
mient Of ‘the anitnall, ‘that affords it, which is fe- 
creted into bags provided by ‘nattire to receive 
it. And I the rather mention civet, becauft 


' Tt bfually affords.a phanomerién, that agrees 


very well with ‘the mechanical doérine con- 
éerniny odours, though it do not demonftrate 
ft. For, ‘when I'have had the curidfity 'to vi- 
'fit divers of thofe civet-cats, (as they call them) 
though 'they have heads liker foxes than cats ; 

‘dbferved, that a certain degree of laxity (if 
I thay fo ftile it) of the odorous atmafphere 
‘was requifite to inake the fmell fraprdnt. For, 
When Twas near the cates, whete many of 
them ‘were kept togethér, or dhy‘great veffel 
fill Gf ctvet, ‘the fitiell (probably by'the pletity, 
ahd ‘perhaps the over-brifk ‘mbtion of the ef- 


fitrvia,) was rather rank and dffehfive, thah 
atréeable ; whereas, when I removed into the 


hext tooth, or to forne btKher cortvenient dif- 
tahce, fhe iteanis (beine lefs crowded, and far- 
ther from their fountdin,) prefShtetl themfelves 
to my hoftrils, under the notion of a. per- 
furhe. 

Ain D, ndt to difmifs this our eleventh expéri- 
rent, without touchitie’ orice thore ypon mufk, 
I fhalladd, that an ingeénidus lady, to whom I 
am neatly related, fhewed' me an odd monkey, 
that ‘ha@d'been prefented Her as a rarity by the 
then admiral of Exgiand, and tald me, amore 
other things, that fhe had obferved init, that, 


being fick, he would feck for fprders as his. ptd= 
per remedies; for fome of which he then feem= 
ed to be looking; and thereby gave her occa~ 
fion to tell mé this} which; when he had 
eaten, the alteration it made in htm, would 
fomietimes fill the room with a mufky fcent: 
but he had not the good luck to light on any; 
whilft my vifit lafted. 


EXPERIMENT XIL 
To heighten good {mells by compofition. 


T is well known to perftmers, and is eafy 
to be obferved, that amber-greafe alone; 
though efteemed the beft and richeft perfume, 
that is yet known in the world, has but a very 
faint, arid fcarcé a pleafant fcent. And I re- 
member, that I have feen fome hundreds of 
ounces together, newly brought from the Ea/- 
Indies; but if I had not been before acquaint d 
with the fmell of atribergreafe alone, and had 
had only the vulgar conceit of it, that it is the 
beft and ftrongeft of perfumes, my noftrils 
wotild {carce have made me fulpeét thofe lumps 
to have been any thing a-kin ro ambergreafe. 
But if a due Epon of mufk, or even ci- 
vet, be dexteroufly mixed with amber, the Ja- 
tent fragrancy, though it be thereby fomewhat 
compounded, will quickly be catled forth, and 
exceedingly heightened. And indeed itis not, 
as it Is commonly prefumsed, the plenty of the 
richeft ingrediénts, as amber-creafe and saufk, 
but the sult preportron and fkilful mixture of 
them, that makes the nobleft and moft laftinge 
perfrme, of which I have had fuffictent expe- 
tence; fo that with a far lefs quantity of mufk 
and amber, than not only ordwiry perfens, 
but perfumers themfelves are wont to employ, 
we have had féveral perfumes, that, for fra- 
@rancy, were much preferred to thofe, where 
mufk and amber-greafe are fo plentifully em- 
ployed. The proportions and ways of mix- 
ture we beft approved of, would be too long, 
and are not neceffary to be here fet down; but 
you will not much err in making ufe of fuch 
a ‘proportion as this, viz. eight parts of amber- 
eteaft, two of mufk, and one of civet: which 
quantities of mgredients, if they be fkilfully 
and exactly mingled, you will not mifs of a 
‘good compofition, with which you may en- 
noble other materials, as benzoin, ftorax,.fweet 
flowers, &c. fit to make‘paftils, ointments for 
leather, pomander, 8c. ‘And we may here add, 
that, upon the {core of the new texture acquired 
by compofition, ‘fome things, that are not fra- 
grant'thetnfelves, may yet much heighten the 
fragrancy of odoriferous bodies. And of li- 
quid perfumes, I remember, it was the fecret 
of {ome court ladies, noted for curiofity about 
perfurnes, to mingle always a due proportion 


Of Wine-vinegar with the odoriferous ingre- 


dients. And, on this occafion, to fhew the 


“power of mixtures in improving odours, I fhall 


add fomething about a liquor of mine, that has 
had the good fortune to bé very favourably 
{poken of by perfons of quality.aecuftomed to 
choice perfumes. This liquor, though thought 
an elaborate préparation, as well for ariether 
reafon, as to recommend it to fome, whofe 
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critical palates can tafte the very titles of things, 
I called it effence of mufk, is indeed a very 
plain fimple preparation, which I thus make. 
I take an arbitrary quantity of choice mufk, 
without finely powdering it, and pour upon It 
about a finger’s breadth of pure {pirit of wine ; 
thefe, in a glafs clofely ftopped, I fet in a quiet 
place ta digeft, without the help ef any fur- 
nace; and after fome days, or a few weeks, 
(according as circumftances determined,) the 
fpirit, which is fomewhat odd, will, in the 
cold, have made a folution of the fineft parts 
of the mufk, and will be thereby much tinged, 
but not of a redcolour. This liquor, being 
decanted, I keep by itfelf as the richeft of all ; 
and pour a like quantity of {pirit on the re- 
maining mufk, which ufually will, in the told, 


though more flowly, draw a tincture, but fainter 
than the former; which being poured off, the 
remaining mufk may be employed for inferior 
ufes. Now that, which made me mention 
this preparation as pertinent to our prefent fub- 
ject, is this phenomenon of it; that the firft 
effence, or rather tincture, being {melled to. by 
itfelf, has but a faint, and not very pleafing 
odour of mufk, fo that every body would not 
difcover, that there was mufk in it; but if a 
fingle drop, or two drops at moft, were mixed 
with a pint, or perhaps a quart of good fack, 
the whole body of the wine would prefently 
acquire a confiderably mufky fcent, and be fo 
richly perfumed, as to tafte and fmell, as feem- 
ed ftrange enough to thofe, that knew the vaft 
difpreportion af the ingredients. 
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CHAP. I. 
GS NCE a great part of thofe learnéd 


men, efpecially phyficians, who have 
_/ difcerned the defeéts of the vulgar phi- 
lofophy, but are not yet come to underftand 
and relzfh the corpufcularian, have flid into the 
dociune of the chemifts; and fince the fpagy- 
rifts ane wont to pretend to make out all the 
qualities of bodies, from the predominancy of 
fome one of their three hypoftatical principles, 
I fuppofe it may both keep my opinion from 
appearing too prefumptuous, and (which is 
far more confiderable) may make way for the 
fairer reception .of ae mechanical hypothefis 
about qualities; if I here intimate (though but 
briefly and an general) fome of thofe defects, 
that I have obferved in chemitt’s explications 
of qualities. | | 
Anup I -might begin wath taking notice of 


the obicumty of thofe principles, which js no ° 


{mall defect in notions, whofe proper office it 


fhould be to conduce to the illuftration of 
others. For, how can that facilitate the yn- 
dérftanding of an obfcure quality; or phzno- 
menon, which is itfelf {carcely intelligible, or, 
at leaft,; needs almoft as much explanation, ag 
the thing it is defigned and pretended to ex- 
plicate? Now aman need not be very con 
verfant jn the writings of chemifts to obferve, 
in how lax, indefinite, and almoft arbitrary 
fenfes they employ the terms of falt, fulphur, 
and mercury; of which I could never find, 
that they were agreed upon any certain defini- 
tions, or fettled notions; not only differing au- 
thors, but not unfrequently one and.the fame, 
and perhaps in the fame brook, employing 
them in very differing fenfes. But I will not 
sive the chemifts any rife to pretend, that the 
chief fault, that I find with their hypothefis, is 
but verbal; though thar itfelf may not a little 
blemith any hypothefis, one of the firft of 
whofe requifites ought to .be clearnefs; and 
therefore I fhall now advance, and take no- 
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tice of defects, that are manifeftly of another 
kind, 

Anp, firft, the doctrine, that all their theory 
is grqunded on, feems to me inevident, and 
undemonftrated, not to fay precarious. It is 
fomewhat {trange to me, that neither the {pa- 
gyrifts themfelves, nor yet their adverfaries, 
fhould have taken notice; that chemifts have 
rather fuppofed than evinced, that the analyfis 
of bodies by fire, or even, that at leaft fome 
analyfis, is the only inftrument of inveftigating 
what ingredients mixed bodies are made up of, 
fince, in divers cafes, that may be difcovered 
by compofition, as well as by refolution; as it 
may appear, that vitriol confifts of metalline 
parts, (whether martial or venereal; or both,) 
affociated by coagulation with acid ones, one 
may, I fay, difcover this, as well by making 
_ true vitriol with fpirit (improperly called oil) 
of fulphur, or that of falt, as by diftilling or 
refolving vitriol by the fire. 

But I will not here enlarge on this fubject, 
nor yet will I trouble you with what I have 
largely difcourfed in the Sceptical Chymift, to 
call in queftion the grounds on which chemitfts 
affert, that all mixed bodies are compounded 
of falt, fulphur, and mercury, For it may 
fuffice me now to tell you, that, whatfoever 
they may be able to obtain from other bo- 
dies, it does not appear by experience, which 
is the grand, if not the only argument they 
rely on, that all mixed bodies, that have qua- 
lities, confift of their ¢ria prima, fince they 
have not been able, that we know, truly, and 
without new compofitions, to refolve into thofe 
three, either gold, or filver, or cryftal, or Ve- 
metian talck, or fome other bodies, that I elfe- 
where name; and yet thefe bodies are endow- 
ed with divers qualities, as the two former 
with fufiblenefsand malleability, and all of them 
with weight and fixity; fo that in thefe and 
the like bodies, whence chemifts have not 
made it yet appear, that their falt, fulphur, 
and mercury, can be truly and adequately fe- 
parated, it will icarce be other than precarious, 
to derive the malleablenefs, colour, and other 
qualities of fuch bodies from thofe principles. 
~ Unover this head I confider alfo, that a 
great part of the chemical doé¢trine of qualities 
is bottomed on, or fuppofes, befides their 
newly queftioned analyfis by fire, fome other 
things, which as far as I know, have not yet 
been well proved, and I queftion whether they 
ever will be. 

One of their main fuppofitions is, that this 
or that quality mutt have its wesror dled, as 
Sennertus, the learnedeft champion of this o- 
pinion, calls it, or fome particular material 
principle, to the participation of which, as of 
the primary native and genuine fubject, all o- 
ther bodies muft owe it: but upon this point 
having purpofely difcourfed elfewhere, I fhall 
now only obferve, that, not to mention local 
motion and figure, I think it will be hard to 
fhew, what is the wero dslxv of gravity, vo- 
latility, heat, fonoroufnefS, tranfparency, and 
opacity, which are qualities to be indifferently 
met with in bodies, whether fimple or mixed. 
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Awnp whereas the fpagyrifts are wont to 
argue, that becaufe this or that quality is not 
to be derived truly from this or that particular 
principle, as falt, for inftance, and mercury; . 
therefore it muft needs be derivable from the 
third, as fulphur. This way of arguing in- 
volves a further fuppofition than that newly ex- 
amined. For it implies, that every quality in 
a compounded body mutt arife from fome one 
of the ¢via prima, whercas experience affures 
us, that bodies may, by compofition, obtain 
qualities, that were not to be found in any of 
the feparate ingredients. As we fee in painting, 
that though blue and yellow be neither of 
them green, yet their mixture will be fo. And 
though no fingle found will make an octave or 
diapafon ; yet two founds, whofe proportion is 
double, will have an eighth. And tin and 
copper melted and mingled together in a due 
proportion, will make a bell-metal far more 
fonorous than either of them was before. It 
is obvious enough for chemifts themfelves to 
obferve, that, though lead be an infipid body, 
and fpirit of vinegar a very fharp one, yet 
faccharum faturni, that is compounded out of 
thefe two, has a {weetnefs, that makes it not 
ill deferve its name. | 

But this ill-grounded fuppofition of the 
chemifts, is extended farther in an ufual topic 
of theirs, according to which they conclude, 
that 1 know not how many qualities, as well 
manifeft as occult, muft be explicated by their 
tria prima, becaufe they are not explicable by 
the four elements of the Peripateticks. To 
make which argumentation valid, it muft be 
proved, (which I fear it will never be) that 
there areno other ways, by which thofe quali- 
ties may be explicated, but by a determinate 
number of material principles, whether four 
or three: befides that, till they have fhewn 
that fuch qualities may be intelligibly explicated 
by their principles, the objection will lie as 
{trong for the Ariftotelians again{t them, as for 
them againift the Ariftotelians. 


CHAP. IO. 


EXT I confider, that there are divers 
qualities even in mixed bodies, wherein 

it does not appear, that the ufe of the chemi- 
cal doctrine is neceffary. As for inftance, 
when pure gold is by heat only brought to fu- 
fion, and confequently to the ftate of fluidity, 
and upon the remiffion of that heat, grows a 
folid and confiftent body again, what addition or 
expulfion, or change of any of the ¢ria prima, 
does appear to be the caufe of this change of 
of confiftence ? which is eafy to be accounted 
for according to the mechanical way, by the 
vehement agitation, that the fire makes of the 
minute parts of the gold to bring it to fufion ; 
and the cohefion of thofe parts, by virtue of 
their gravity and fitnefs to adhere to one ano- 
ther, when that agitation ceafes. When Ve- 
nice glafs is merely, by being beaten to pow- 
der, deprived of its tranfparency and turned 
into a body opacous and white, what need or 
ufe of the ¢r¥a prima have we in the explica- 
tion of this phenomenon? Or of that other, 
which 


the Chemift’s Doétrine of QUALITIES. 


which occirs, when by barely melting down 
this white and opacous body it is deprived of its 
epacity and colour, and becomes diaphanous ; 
and of this fort of inftances you will meet with 
divers in the following notes about particular 
qualities ; for which reafon I fhall forbear the 
mention of them here. 


CHAP. If. 


OBSERVE too, thatthe {pagyrical doétrine 
of qualities is infuficient, and too narrow 
to reach to all the phenomena, or even to all 
the notable ones, that ought to be explicable 
by them. And this infufficiency I find to be 
twofold; for, firft, there are divers qualities, 
of which chemifts will not fo much as attempt 
to give us explications, and of other particular 
qualities, the explications, fuch as they are, that 
they give us, are often very deficient and un- 
fatisfactory ; and do not fometimes fo much as 
take notice of divers confiderable phaenomena, 
that belong to the qualities, whereof they pre- 
tend to give an account; of which you will 
meet with divers inftances in the enfuing notes. 
And therefore I fhall only (to declare my 
meaning the better) invite you to obferve with 
me, that though gold be the body they affect 
to be moft converfant with; yet it will be very 
hard to fhew, how the fpecific weight of gold 
can be deduced from any, or all, of the three 
principles, fince mercury itfelf, that is, of bo- 
dies known to us, the heavieft next to gold, is 
fo much lighter than gold, that, whereas I have 
ufually found mercury to be to an equal weight 
of water, fomewhat, though little, lefs than 
fourteen to one, I find pure gold to be about 
nineteen times as heavy as fo much water, 
Which will make it very difficult, not to fay 
impoffible for them to explain, how gold 
fhould barely, by partitipating of mercury, 
which is a body much kghter than itfelf, ob- 
tain that great fpecific gravity we find it to 
have ; for the two other hypoftatical principles, 
we know, are far lighter than mercury. And 
I think it would much puzzle the chemifts, to 
give us any examples of a compounded body, 
that is fpecifically heavier than the heavieft of 
the ingredients, that itis made up of. And 
this is the firft kind of infufficiencyI was taking 
notice of in the chemical doétrine of qualities. 
The other is, that there are feveral bodies, 
which the moft learned among themfelves con- 
fefs not to confift of their ¢ria prima, and 
yet are endowed with qualities, which con- 
fequently are not in thofe fubjects to be ex- 
plicated by the ¢ria prima, which are grant- 
ed not to be found in them. Thus elemen- 
tary water, though never fo pure, (as dif- 
tilled rain water,) has fluidity and coldnefs and 
humidity and tranfparency and volatility, with- 
out having any of the évia prima. And the 
pureft earth, as afhes, carefully freed from the 
fixed falt, has gravity and confiftence and dry- 
nefs and colour and fixity, without owing them 
either to falt, fulphur, or mercury ; not to 
mention, that there are celeftial bodies, which 
do not appear, nor are wont to be pretended 
to confift of the ¢ria prima, that yet are en- 
dowed with qualities As the fun has light 
Vor. III, 


and, as many philofophers think, heat and 
colour ; and the moon has a determinate con- 
fiftence and figuration, (as appears by her moun: 
tains) and aftronomers obferve, that the higher 
planets, and even the fixed ftars, appear to be 
differingly coloured. But I fhall not multiply 
inftances of this kind, becaufe what I have faid 
may not only ferve fer my prefent purpofe, 
but bring a great confirmation to what I lately 
faid, when I noted, that the chemical princi- 
ples were in many cafes not neceffary to expli- 
cate qualities: for fince in earth, water, &c: 
fuch diffufed qualities, as gravity, fixednefs, 
colour, tranfparency and fluidity, muft be ac- 
knowledged not to be derived from the ¢ria 
prima; it is plain, that portions of matter 
may be endowed with fuch qualities by other 
caufes and agents than fale, fulphur and mer- 
cury. And then why fhould we deny; that 
alfo in compounded bodies thofe qualities may 
be (fometimes at leaft) produced by the fame 
or the like caufes? as we fee, that the reduc- 
tion of a diaphanous folid to powder pro- 
duces whitenefs, whether the comminution 
happens to rock-cryftal or to Venice glafs, orto 
ice: the firft of which is acknowledged to be a 
natural and perfectly mixed body ; the fecond 
a factitious, and not only mixed, but decom- 
pounded body; and the laft, for. aught ap- 
pears, an elementary body, or at moft very 
flightly and imperfectly mixed. And fo by 
mingling air in {mall portions with a diapha- 
nous liquor, as we de, when we beat fuch a li- 
quor into foam, a whitenefs is produced, as 
well in pure water, which is acknowledged to 
be a fimple body, asin white wine, which is 
reckoned among perfeétly mixed bodies, 


CHAP. IV. 


FURTHER obferve, thatthe chemift’s ex- 

plications do not reach deep and farenough 
For firft, moft of them are not fufficiently dif- 
linét and full, fo as to come home to thie par- 
ticular phenomena; not oftentimes fo much as 
to all the grand ones, that belong to the hiftory 
of the qualities they pretend to explicate. You 
will readily believe, that a chemift will not 
eafily make out by his falt, fulphur and mer- 
cury, why a loadftone, capped with ftee]; may 
be made to take up a great deal more iron, 
fometimes more than eight or ten times as 
much, than if it be immediately applied to the 
iron: or why, if one end of the magnetic 
needle is difpofed to be attraéted by the north- 
pole, for inftance, of the load-ftone, the o- 
ther pole of the load-ftone will not attract it, 
but drive it away: or why a bar or tod of 
iron, being heated red-hot, and cooled perpen- 
dicularly, will, with its lower end; drive away 
the flower de luce, or the north end of a mar- 
riner’s needle, which the upper end of the 
fame bar or rod will not repel, but draw to it. 


‘In fhort, of above threefcore properties, or 


notable phznomena of magnetic bodies, that 
fome writers have reckoned up, I do not re- 
member, that any three have been by chemifts 
fo much as attempted to be folved by their 
three principles. And even in thofe qualities, 
in whofe explications thefe principles may 
7N more 
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more probably, than elfewhere, pretend to have 
a place, the Spagyrifts accounts are wont to 
fall fo fhort of being diftinét and particular e- 
nough, that they ufe to leave divers confide- 
rable phenomena untouched, and do but very 
lamely or flightly explicate the more obvious 
or familiar. And I have fo good an opinion 
of divers of the embracers of the Spagyrical 
theory of qualities (among whom I have met 
with very learned and worthy men) that I 
think, thatif a quality being propofed to them, 
they were at the fame time prefented witha 
good catalogue of the phenomena, that they 
may take, in the hiftory of it, as it were with 
one view, they would plainly perceive, that there 
are more particulars to be accounted for, than 
at firft they were aware of ; and divers of them 
fuch, as may quite difcourage confidering men 
from taking upon them to explain them all by 
the tria prima, and oblige them to have re- 
courfe to more catholic and comprehenfive 
principles, I know not, whether I may not 
add on this occafion, that, methinks, a che- 
mift, who by the help of his ¢ria prima, takes 
upon him to interpret that book of nature, of 
which the qualities of bodies make a great 
part, acts-at but a little better rate than he, 
that feeing a great book written in a cypher, 
whereof he were acquainted but with three let- 
ters, fhould undertake to decypher the whole 
piece. For though it is like he would, tn ma- 
ny words, find one of the letters of his fhort 
key, and in divers words two of them, and 
perhaps in fome all three; yet, befides that in 
moft of the words, wherein the known letter 
or letters may be met with, they may be fo 
blended with other unknown letters, as te keep 
him from decyphering a good part of thofe 
very words, it is more than probable, that a 
great part of the book would confift of words 
whereinnone of his three letters were to be found. 


CHAP. V. 


ND this is the farft account, on which I 
obferve, that the chemical theory of qua- 

jities does not reach far enough: but there is 
another branch of its deficiency. For even, 
when the explications feem to come home to 
the phznomena, they are not primary, and, 
if I may fo fpeak, fontal enough. To make 
this appear, I fhall at prefent employ but thefe 
two confiderations. The firft is, that thofe 
fubftances themfelves, that chemifts call their 
principles, are each of them endowed with 
feveral qualities. Thus falt is a confiftent, not 
a fluid body ; it has its weight, it is diffoluble 
an water, is either diaphanous or opacous, fixed 
or volatile, fapid or infipid ; (I fpeak thus dif- 
junctively, becaufe chemifts are not all a- 
greed about thefe things ; and it concerns not 
my argument, which of the difputable qua- 
lities be refolved upon.) And fulphur, accor- 
ding to them, is a body fufible, inflammable, 
&c. and, according to experience, is confiftent, 
heavy, &c. So thatritis by the help of more 
primary and general principles, that we muft 
explicate fome of thote qualities, which being 
found in bodies, fuppofed to be perfectly fimi- 


Of the IMPERFECTION of 


lar or homogeneous, cannot be pretended to 
be derived in one of them from the other. 
And to fay, that it is the nature of a principle 
to have this or that quality, as for inftance, of 
fulphur to be fufible, and therefore we are not 
to exact areafon why itis fo; though I could 
fay much by way of anfwer, I fhall now only 
obferve, that this argument is grounded but 
upon a fuppofition, ‘and will be of no force, 
if from the primary affections of bodies one 
may deduce any good mechanical explication 
of fufibility in the general, without neceflarily 
fuppofing fuch a primogeneal fulphur, as the 
chemifts fancy, or deriving it fromm thence in 
other bodies. And indeed, fince not only fale 
petre, fea falt, vitriol and allom, but falt of 
tartar, and the volatile falt of urine, are all of 
them fufible ; I do not well fee, how che- 
mifts can derive the fufiblenefS even of falts 
obtained by their own analyfis (fuch as falt of 
tartar and of urine) from the participation of 
the fulphureous ingredient ; efpecially fince, 
if fuch an attempt fhould be made, it would 
overthrow.the hypothefis of three fimple bo- 
dies, whereof they will have all mixed ones 
to be compounded ; and ftill it would re- 
main to be explicated, upon what account the 
principle, that is faid to endow the other with 
fuch a quality, comes to be endowed therewith 
itfelf. For itis plain, that a mafs of fulphur is 
not an atomical or adamantine body, but 
confifts of a multitude of corpufcles of deter- 
minate figures, and connected after a deter- 
minate manner ; fo that it may be reafonably 
demanded, why fuch a convention of particles, 
rather than many another, that does not, con- 
ftitutes a fufible body. 


CHAP. VI. 


ND this leads me to a further confidera- 
tion, which makes me look upon the che- 
mift’s explications, as not deep and radical e- 
nough; and it is this, that, when they tell us, for 
inftance, that the fufiblenefs of bodies proceeds 
from fulphur, in cafe they fay true, they do 
but tell us what material ingredient it is, that 
being mingled with, and difperfed through the 
other parts of a body, makes it apt to melt : 
but this does not intelligibly declare, what it is, 
that makes a proportion of matter fufible, and 
how the fulphureous ingredient introduces that 
difpofition into the reft of the mafs, where- 
with it is commixed or united. And yet it is 
fuch explications as thefe, that an inquifitive 
naturalift chiefly looks after, and which I there- 
fore call philofophical. And to fhew, that 


‘there may be more fontal explications, I 


fhall only obferve, that, not to wander from 
our prefent inftance, fulphur itfelf is fufible. 
And therefore, as I lately intimated, fufibility, 
which is not the quality of one atome, or par- 
ticle, but of an aggregate of particles, ought 
itfelf to be accounted for in that principle, be- 
fore the fufiblenefs of all other bodies be de- 
rived from it. And it will in the following 
notes appear, that in fulphur itfelf, that qua- 
lity may be probably deduced from the con- 
vention of corpuicles of determinate fhapes 
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and fizes, contexed, or connected, after a 
convenient manner. And if either nature, or 
art, or chance, fhould bring together particles 
endowed with the like mechanical affections, 
and affociate them after the like manner, the 
refulting body would be fufible, though the 
component particles had never been parts of 
the chemift’s primordial fulphur: and fuch 
particles fo convening, might; perhaps, have 
made fulphur itfelf, though before there had 
been no fuch body in the world. -And what 
I fay to thofe chemifts, that make the ful- 
phureous ingredient the caufe of fufibility, 
may eafily, mutatis mutandis, be applied to 
their hypothefis, that rather afcribe that qua- 
lity to the mercurial, or the faline principle, 
and confequently cannot give a rational ac- 
count of the fufibility of fulphur. And there- 
fore, though I readily allow, (as I fhall have 
afterwards occafion to declare,) that fulphur; 
or an other of the fria prima, may be met 
with, and even abound in feveral bodies en- 
dowed with the quality, that is attributed to 
their participation of that principle ; yet, that 
this may be no certain fign, that the propofed 
quality muft flow from that ingredient, you 
may perhaps be affifted to difcern by this il 
luftration, that if tin be duly mixed with 
copper or gold, or, as I have tried, with filver 


it is alfo an ingredient of divers other bodies, 
that are likewife brittle, as blue, green, white, 
and otherwife coloured amels, which are u- 
fually made of calcined tin, (which the tradef- 
men call putty) colliquated with the ingre- 
dients of cryftal glafs, and fome {mall portion 
of mineral pigment. But though, in all the 
above-named brittle bodies, tin be a confi- 
‘derable ingredient ; yet it were very unadvifed 
to affirm, that brittlenefs, in general, proceeds 
from tin. For, provided the folid parts of 
confiftent bodies touch one another but ac- 
cording to fmall portions of their furfaces, and 
be not implicated by their contexture, the me- 
talline, or other compofition, may be brittle, 
though there be no tin at all init. And, in 
effect, the materials of glafs, being brought to 
fufion, will compofe a brittle body, as well 
when there is no putty colliquated with them, 
as when there 1s. Calcined lead, by the action 
of the fire, may be melted into a brittle mafs, 
and even into tranfparent glafs, without the 
help of tin, or any other additament, And | 
need not add, that there are a multitude of 
other bodies, that cannot be pretended to owe 
their brittlenefs to any participation of tin, of 
which they have no need, if the matter they 
confift of, wants not the requifite mechanical 
difpofitions. 

And here I fhall venture to add, that the 
way employed by the chemifts, as well as the 
Peripateticks, of accounting for things by the 
ingredients, whether elements, principles, or 
other bodies, that they fuppofe them to confift 
of, will often fruftrate the naturalifts expecta- 
tion of events, which miay. frequently prove 
differing from what he pramifed himfelf, upon 
the confideration of the qualities of each ingre- 
dient. For the enfuing notes contain divers 


inftances, wherein there emerges a new quality 
differing from, or even contrary to any, that 
is confpicuous in the ingredients ; as two tran- 
{parent bodies may make an opacous mixture, 
a yellow body and a blue, one; that is green; 
two malleable bodies, a brittle one; two actual 
ly cold bodies, a hot one; two fluid bodies, a 
confiftent one, &c, And as this way of judg> 
ing, by material principles, hinders the fores 
knowledge of events from being certain; {0 it 
much more hinders the affignation of caufes 
from being fatisfactory ; fo that, perhaps, fome 
would not think it very rafh to fay, that thofe, 
who judge of all mixed bodies, as apothecaries 
do of medicines, barely by the qualities and 
proportions of the ingredients (fuch as, among 
the Ariftotelians, are the four elements, and 
among the chemifts the tria prima,) do, ‘as if 
‘one fhould pretend to give an account of the 
phznomena and operations of clocks and 
watches, and their diverfities by this, that fome 
are made of brafs wheels, fome of iron, fome 
have plain ungilt wheels, others of wheels a- 
verlaid with gold, fome furnifhed with gut- 
ftrings, others with little chains, &c. and that 
therefore the qualities and predominancies .of 
thefe metals, that make parts of the watch, 
ought to have afcribed to them, what indeed 


| ‘flows from their co-ordination and contrivance. 
or iron, it will make them very brittle; and : : 


CHAP. VIL 


HE laft defect 1 obferve in the chemical 
doctrine of qualities, is, that in many 


cafes it agrees not well with the phenomena of 
nature, and that by one or both of thefe-ways. 


Firft, there are divers changes of qualities, 
wherein one may well expect, that a chemical 
principle fhould have a great ftroke, and yet it 
does not at all appear to have fo. He, that 
cconfiders, what great operations divers of the 
Hermeticks afcribe to this or that hypoftatical 
principle, and how many qualities, according 
to them, muft from it be derived, can fcarce 
do other than expect, that a great change, as to 
thofe qualities, happening in a mixed body, 
fhould, at leaft, be accompanied with fome no- 
table action of, or alteration in the principle. 
And yet I have met with many inftances;where- 
in qualities are ptoduced, or abolifhed, or very 
much altered, without any manifeft introduc- 
tion, expulfion, or confiderable change of the 
principle, whereon that quality 1s faid to de- 
pend, or perhaps of either of the two others: 
as when a piece of fine filver, that having been 
nealed.in the fire, and fuffered to cool leifurely, 
is very flexible,. is made ftiff, and hard to bend, 
barely by a few ftrokes of a hammer. And a 


- ftring: of a lute acquires or lofes a fympathy, as 


they’ call it, with another ftring of the fame 
or another inftrument, barely by being either 
ftretched, fo as to make an unifon with it, or 
{crewed up, or let down, beyond or beneath 
that degree of tenfion. . 

To multiply inftances of this kind, would be 
to-anticipate thofe, you will hereafter meet with 
in their due places. -And therefore I fhall pafs 
on, from the firft fort of phaenomena, that fa- 
your nat the chemical hypothefis about quali- 

ues, 
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ties, to the other, which confifts of thofe, where- 
in either, that does not happen, which, accord- 
ing to their hypothefis, ought to happen, or 
the contrary happens to what, according to 
their hypothefis, may juftly be expected. Of 
this you will meet with inftances hereafter; I 
fhall now trouble you but with one, the better 
to declare my meaning. It is not unknown to 
thofe chemifts, that work much in filver and 
in copper, that the former will endure ignition, 
and become red-hot in the fire, before it will 
be brought to fufion ; and the latter is yet far 
more difficult to be melted down than the o- 
ther: yet if you feparately diffolve thofe two 
metals in aqua fortis, and by evaporation re- 
‘duce them to cryftals, thefe will be brought 
to fufion in a very little time, and with a very 
moderate heat, without breaking the glaffes 
‘that contain them. If you afk a vulgar che- 
mift the caufe of this facility of fufion, he will, 

probably, tell you, without fcruple, that it is 
from the faline parts of the aqua fortis, which, 
being imbodied in the metals, and of a very 
fufible nature, impart that eafinefs of fufion 
-to the metals they are mixed with. According 
‘to which plaufible explication one might well 
expect, that, if the faline corpufcles were ex- 
guifitely mingled with tin, they would make 
it far more fufible than of itfelf it is. And yet, 
as I have elfewhere noted, when I put tin into 
a convenient quantity of aqua fortis, the metal 
being corroded, fubfided, as is ufual, in the 
form of whites of eggs, which being well dried, 
the tin was fo far from being grown more fu- 
‘fible by the addition of the faline particles of 
the menftruum, that, whereas it is known, 

‘that fimple tin will melt long before it come 
to be red-hot, this prepared tin would endure, 

‘for 2 good while, not only a thorough ignition, 
but the blaft of a double pair of bellows, (which 

we ufually employed to melt filver and copper 

itfelf,) without being at all brought to fufion. 
- And as for thofe Spagyrifts, that admit, as moft 
of them are granted to do, that all kinds of 

. metals may be turned into gold, by a very {mall 
‘proportion of what they call the philofophers 
-elixir, one may, I think, fhew them, from their 
‘own conceffions, that divers qualities may be 
changed, even in fuch conftant bodies as me- 

‘tals, without the addition of any confiderable 
proportion of the fimple ingredients, to which 

‘they are wont to afcribe thofe qualities ; pro- 
-vided the agent, (as an efficient, rather than as 
‘a material caufe,) be able to make a great 
change in the mechanical affections of the parts 

whereof the metal it aéts on is made up. Thus 

if we fuppofe a pound of filver, a pound of 

lead, and a pound of iron to be tran{muted in- 
to gold, each by a grain of the powder of pro- 

jection, this tinging powder, as a material caufe, 

‘Is inconfiderable, by reafon of the fmallnefs of 
- its bulk, and as an efficient caufe, it works dif- 
fering, and even contrary effects, according to 
the difpofition, wherein it finds the metal to be 
- tranfmuted, and the changes it produces in the 
conftituent texture of it. Thus it brings quick- 
filver to bé fixed, which it was not before,and de- 
. prives it of the fluidity, which it had before ; 
. it brings filver to be indiffolvable in aqua fortis, 
; need 


Of the IMPERFECTION of 


which readily diffolved it before, and diffolu- 
ble in aqua regis, which before would not touch 
it; and which is very confiderable ta our pre- 
fent purpofe, whereas it makes iron much more 
fufible than Mars, it makes lead much lefs fufi- 
ble than whilft it retained its priftine form, fince 
Saturn melts ere it come to ignition, which gould 
requires to, bring it te fufion. But this is pro- 
pofed only as an argument ad hominem, till the 
truth of the tranfmutation of metals into gold, 
by way of projection, be fufficiently proved, 
and the circumftances, and phanomena of it, 
particularly declared. . 

I muft not forget to take notice, that fome 
learned modern chemifts would be thought to 
explicate divers of the changes, that happen to 
bodies in point of odours, colours, &c. by fay- 
ing, that, in fuch alterations, the fulphur, or 
other hypoftatical principle, is intraverted o- 
extraverted, or, as others fpeak, inverted. But 
I confefs, to me thefe feem to be rather new 
terms, than real explications. For, to omit 
divers of the arguments mentioned in this pre« 
fent treatife, that may be applied to this way 
of folving the phenomena of qualities, one 
may juftly object, that the fuppofed extraver- 
fion or intraverfion of fulphur, can by no means 
reach to give an account of fo great a variety 
of odours, colours, and other qualities, as may 
be found in the changed portions of matter we 
are {peaking of. And, which is more, what 
they call by thefe and the like names, cannot 


be done witheut local motion tranfpofing the 
particles of the matter, and confequently pro- 


ducing in it a change of texture, which is the 
very thing we would infer, and which being 
fuppofed, we may grant fulphur to be often- 
times actually prefent in the altered bodies, 
without allowing it to be ‘always neceflary to 
produce the alterations in them, fince cor- 
pufcles, fo conditioned and contexed, would 
perform fuch effects, whether fulphur, as fuch, 
did, or did not make up the fubyect matter of 
the change. 

Awnpv now I hhall conclude, and partly re- 
capitulate what has been delivered in this and 
the two foregoing chapters, with this fummary 
confideration ; that the chemift’s falt, fulphur, 


and mercury themfelves are not the firft and 


moft fimple principles of bodies, but rather 


primary concretions of corpufcles, or particles 


more fimple than they, as being endowed only 
with the firft, or moft radical, (if I may fo 
fpeak) and moft catholick affections of fimple 
bodies, namely, bulk, fhape, and motion, or 
reft; by the different conventions or coalitions 
of which, minuteft portions of matter are made 
thofe differing concretions, that chemifts name 
falt, fulphur, and mercury. And to this doc- 
trine it will be confonant, that feveral effects 
of this or that fpagyrical principle need not 
be derived from falt, for inftance, or fulphur 
as fuch, but may be explained by the help of 
fome of thofe corpufcles, that I have lately 
called more fimple and radical; and fuch ex- 
plications being more fimple and mechanical, 
may be thought, upon that fcore, more funda: 
mental and fatisfactory, 
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CHAP. VII. 


KNOW it may be objected, in favour of 
[ the chemifts, that as their hypoftatical prin- 
ciples, falt, fulphur, and mercury, are but three, 
fo the corpufcularian principles are but very 
tew; and the chief of them bulk, fize, and 
motion, are but three neither; fo that it ap- 
pears not, why the chemical principles fhould 
be more barren than the mechanical. To 
which allegation I anfwer, that, befides that 
thefe laft named principles are more numerous, 
as taking in the pofture, order, and fituation, 
the reft, and, above all, the almoft infinitely 
diverfifiable contextures of the {mall parts, and 
the thence refulting ftructures of particular 
bodies, and fabrick of the world : befides this, 
J fay, each of the three mechanical principles, 
fpecified in the objection, though but one in 
name, is equivalent to many in effect ; as figure, 
for inftance, comprehends not only triangles, 
fquares, rhomboides, trapeziums, and a multi- 
tude of polygons, whether ordinate or irregu- 
lar; but, befides cubes, prifms, cones, {pheres, 
cylinders, pyramids, and other folids of known 
denominations, a fcarce numerable multitude 
of hooked, branched, eel-like, fcrew-like, and 
other irregular bodies ; whereof, though thefe, 
and fome others, have diftinct appellations, yet 
the greateft part are namelefs; fo that it need 
be no wonder, that I fhould make the mecha- 
nical principles fo much more fertile, that is, 
applicable to the production and explication of 
a far greater number of phzenomena, than the 
chemical; which, whilft they are confidered 


but as fimilar bodies, that are ingredients of | 


mixed and compounded ones, are chiefly va- 
riable but by the greater or leffer quantity, that 
is employed by nature or art to make up the 
mixed body. And painters obferve, that black 
and white, though mixed in differing propor- 
tions, will ftill make but lighter and darker 
greys. And if it be faid, that thefe ingredi- 
ents, by the texture refulting from their mix- 
tures, may acquire qualities, that neither of 
them had before; I fhall anfwer, that to al- 
Tedge this, is, in effect, to confefs, that they 
muft take in the mechanical principles (for to 
them belongs the texture or ftructure of bodies) 
to affift the chemical ones. And, on this oc- 
cafion, to berrow an iluftration from our un- 
publifhed dialogue of the requifites of a 
good hypothefis, I fhall add, that a chemift; 
that fhould pretend, that becaufe his three 
principles are as many as thofe of the Corpuf- 
cularians, they are as fufficient, as thefe, to give 
an account of the book of nature, methiriks, 
I fay, he would do like a man, that fhoyld pre- 
tend, that, with four and twenty words, he 
would make up a language, as well as others 
can'with the four and twenty letters of the al- 
phabet, becaufe he had as many words already 
tormed, as they had of bare letters ; not con- 
fidering, that, inftead of the {mall number of 
variations, that can be made of his words by 
ptepofitions and terminations, the letters of 
the alphabet being varioufly combined, placed, 
and reiterated, can be eafily made to compofe 
Vor. II. 


not only his four and twenty words, with their 
variations, but as many others, as a whole lan- 
cuage contains: 


CHAP, IX. 


OT WITHSTANDING all, that t 
have been obliged to fay to the difad- 
vantage of the chemical principles, in refe- 
rence to the explication of qual:iies, I would 
not be thought to grant, that the Peripateticks 
have reafon to triumph, as if their four ele- 
ments afforded a better theory of qualities. 
For, if I had, together with leifure enough to 
perform fuch a tafk, any obligation to under- 
take it, I prefume, it would not le difficult to 
fhew, that the Ariftotelian doctrine, about par- 
ticular qualities, is liable to fome ‘uf the fame 
objections with the chemical, and to fome 
others no lefs confiderable ; and that, to derive 
all the phznomena their doctrine ought to 
folve, from fubftantial forms and real qualities 
elementary, is to impofe on us a theory more bar- 
ren and precarious, than that of the Spagyrifts. 
TuHatT, to derive the particular qualities of 
bodies from thofe fubftantial forms, whence the 


{chools would have them to flow, is but an in- 


fufficient and unfit way of accounting for them, 
may appear by this, that fubftantial forms 
themfelves are things, whofe exiftence many 
learned philofophers deny, whofe theory many 
of them think incomprehenfible, and the moft 
candid and judicious of the Peripateticks them- 
felves confefs it to be very abftrufe; fo that, 
from fuch doubtful and obfcure principles, we 
can hardly expect clear explications of the na- 
ture and phzenomena of qualities; not to urgé, 
that the Ariftotelian definitions, both of quali- 
ties in general, and of divers of the more fa- 
miliar qualities in particular, as heat, cold, 
moifture, diaphaneity, &c. are far enough from 
being clear and well framed, as we elfewhere 
have occafion to fhew. . 

ANOTHER thing, which makes the fcho- 
laftic doétrine of qualities unfatisfactory, is, 
that it feldom fo much as attempts to teaeh the 
manner, how the qualities themfelves, and their 
effects or operations, are produced. Of this 
you may elfewhere find an inftance given in 
the quality; that is wont to be firft in the lift, 
viz. that of heat; which, though it may in- 
telligibly and probably be explicated by the 
corpufcular hypothefis, yet, in the Peripatetic 
account, that is given of it, 1s both too que- 
{tionable and too fuperficial to give much con- 
tent to a rational inquirer. And indeed to fay, 
that a fubftantial form (as that of the fire) acts 
by a quality, {called heat) whofe nature it is 
to produce fuch an effect, (as to foften wax, 
or harden clay,) feems to be no other in fub- 
ftance, than to fay, that it produces fuch an 
effect by fome power it has to produce it. 
But what that power is, and how it operates, 
is that, which, though we moft defire to know, 
we are left to feck. But to profecute the 1m- 
perfections of the Peripatetic hypothefis, were 
to intrench upon another ‘difcourfe, where they 
are more fully laid open. And therefore I 


fhall now but lightly glance upon a couple of 
7 O imper- 
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impérfections, that mote particularly relate to 
the doétrine of qualities: | 

Anp &rft, 1 do not think it a convincing 
argument, that is wont to be employed by the 
Ariftotelians for their'elerttents, aswell as by the 
chemifts for their principles, that, becaufe this 
or that quality, which they aftribe to an ele- 
ment Of a principle, is foufd in this or that 
body, which they call mixed, therefore it muft 
owe that quality to the participation of that 
principle or eletnent. For, the fame texture of 
parts, of other modification of matter, may 
produce thé like quality in the more fimple 
and the moré compounded boty, and they 
may both fepatately derive it ftom the fame 
caufé, and hot oné from the participation of 
thé other: So water, and eatth, and metals, 
and ftones, &c. are héavy, upon the account 
of the coinmon caufe of gravity, and not be- 
caufe the réft partake of the earth; as ma 
appear in éléméntary water, which is as fimple 
a body as it, and yet is heavy: fo water and 
oil, and exactly dephlegmed {pirit of wine, 
and méreury, and alfo metals and glafs of an- 
timony, and minium or calcined lead, whuilft 
thefé three are in fufion, aré fluid, being made 
fo by the Vafioufly detettmined motions of their 
minute parts, and other caufes of fluidity, and 
not by the paiticipatio of wattr, fince the 
arid calcés of léad dnd antimony are not like 
to have retained, in the fire, fo volatile a liquor 
as watér, and fince Auidity is a qualiry, thac 
mercury enjoys in 4 mote dutablé matiner than 
water itfelf: for that metalline liquor, as alfo 
Ipitit of winé well rectified, will not be brought 
to freeze with the higheft dépree ef cold of 
dur tharpéft wititérs, though a far lefs deorde 
of cold would make water ceafe to be Alttid, and 
turn it into icé. 

To this I fhall only add, in the fecond 
place, that itis not’ unpléafant to fee, How at- 
bitrarily thé Berisateticks derive the qualities 
of bodies from their four elements, as if, to 
give an inftancé in the lately narhéd quality, li- 
quidjty, you fhew them exactly dephlesmed 
ipirit of wine, and afk them, whence it has its 
Gréat fluidnefs, they will tell you, frorn water, 
Which yet is far lef Aud than it; and this fpiric 
ef wine itfelf is miuch lefs fo thati the Aame, 
into which the fpirit of wine is eAfily refoluble. 
But if you afk, whéhce it becdnies totally ih- 
fankinablée, they muft tell you, fron che fre ; 
atid yet che Whole body, at lealt, as far as fenfe 
can difcover, is fitid, and the whole body be- 
comes Hame, { and thén is moft fivid of all ;) 
fo that fire and Water, as contrary 4s they make 
them, mult both be, by valt odds, predotni- 
nant in the famie body. This fpirit of wine 
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alfo, being a liquor, whofe leaft parts, that are 
fenfible, are aétually heav¥, and- compofe a li- 
quor, which is feven or eight hundred times as 
heavy as air of the fame bull, which yet ex- 
petience fhews not to beé devoid of weighé, 
muft be fuppoféd to abound with earthy par- 
ticles; and yet this fpirituous liquor may, in a 
trice, become flame, which they would have 
to be the lighteft body in the world: 

But, to enlarge on this fubjéét; would be 
to forget, that the deficn of this tract engages 
me to deal not with the Peripatetic {chool, but 
the Spagyrical. To which IJ fhall therefore re- 
turn, and give you this advertifement about it, 
that what I have hitherto objected, is meant 
againft the moré common an: teceived doc- 
trine about the material principles of bedies re- 
puted mixed, as it is wont, by vulgar chemitts, 
to be applied to the rendering an account of 
the qualities of fubftances corporeal; and tHere- 
fore I pretend not, that the paft objettions 
fhould conclude avainft other chemical theories, 
than that, which I was concerned to queftion. 
And if adept philofophers, (fippofing there be 
{uch) or any other more than ordinarily intelli 
gent Spagyrifts; fhall propofe any particular 
hypothefis, differing from thofe, that I have 
queftioned, as their doétrine and reafons are 
not yet known to me; fo I ptetend not, that 
the paft arguments fhould conclude againft 
thtm, and ath willing to think, that perforis 
advantaged with fuch peculiar opportunitiés, to 
dive into the myfteries of nature, will be able 
to give us, if they fhall pleafe, a far better ac- 
count of the qualities of bodies, than what is 
eh to be pfopofed by the generality of che- 
miits. 


Tuus, dear Pyropdilas, 1 have laid before 
you fome of the chief imperfettons I have 
obférved, in the vulear chemifts doétrine of 
qualities ; ahd confequently I have given you 
fome of tle chiéf reafons, that hinder me from 
acquiefcine in it. And as my objections are 
not taken fiom the fcholaftical fubtleties, nor 
the doubrful fpeculations of the Peripateticks, 
or other ativerfaries of the Hermetick philo- 
fophy, but from the nature of things, and from 
chemical experiments themfelves ; fo, I hope, if 
any of your {pagyfical friends have a mind to 
convince me, he will atternpt todo it by the moft 
proper way, which is, by actually giving us 
clear and 'pattrcvlar explications, at leaft, of 
the erand hénotnena of qualities; which, if 
he thal! do, he will find me very ready to ac- 
quitice in a truth, that cores ufhered in, and 
‘endeared by fo acceptable and wifeful a thing, as 
a philofoplical theory of qualities. 


REFLEC. 


aia Google 


604 


REFLECTION § 


HYPOTHESIS 


Q 
ALCALI 


CHAP IL 


cern, that much of what has been faid a- 

bout the imperfection of the vulgar chemi- 
cal dottrine concerning qualities; may, with 
eafy variations, be applied to fome other hypo- 
thefes, that are of kin to that doétrine, and par- 
ticularly to their theory, that would derive 
both the qualities of bodies, and the reft of the 
phzenomena of nature from what they call aci- 
dum and alcali. For though thefe two diffe- 
- yences may be met with in a great number and 
variety of bodies, and confequently the confi- 
deration of them may frequently enough be of 
good ufe, (efpecially to Spagyrifts, and phyf- 
cians, when they are converfant about the fe- 
condary and, if I may fo call them, chemical 
caufes and operatidns of divers mixed bedies ;) 
yet I confefs I cannot acquiefce in this hypo- 
thefis of alcali and acidum, in the latitude, 
wherein Tfind it urged and applied by the ad- 
mirers of it, as if it could be ufefuily fubft- 
tuted inthe place of matter and motion. 

Tue bypothefis being in a fort fubordinate 
to that of the ria prima, in afcribing to two 
contrary Jaline principles, what vulgar chemifts 
do to their Yatt, fulphur, and mercury ; moit 
of the objections we have made againft the 
vulgar chemical doctrine, may, as I lately in- 
timated, be applied, by a little variation, to 
this, and therefore I fhall need ‘but to touch 
‘pon the main things, that keep me drom ac- 
‘quiefcing inthis hypethefis. 


| PRESUME, it will not be difficult to dif: 
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‘#\ ND firft, it feems precarious to affirm, 
‘£"\% that ‘in all bodies, or evenan all the denfi- 
‘ble-parts af mixetis, acid and alcalizate parts 
are found; there not having ibeen, that I 


know, any experimental induction made of. 


particulars any: thing near numerous enough to 
make out fo great an affertion, and in divers 
‘bodes, wherein experience 1s-vouched for dhe 
inexiftence of.thefe principles, that inckiftenge 


E 


and ACIDUM. 


is indeed proved, not by direct and clear expe: 
rience, but upon a fuppofition, that fuch and 
fuch effeéts flow from the operations of the af- 
fumed principles, 

Some Spagyrifts, when they fee aqua-fortis 
diffolve filings of copper, conclude from 
thence, that the acid fpirits of the menftruum 
meet in the metal with an alcali upon which 
they work ; which is but an unfafe way of ar- 
guing, fince good fpirit of urine, which they 
take to be a volatile alcali, and which will make 
a great conflié&t with aqua-fortis, will, as I 
have elfewhere noted, diffolve filings of cop- 

both readily enough and more’ genuinely 
than the aeid liquor is wont to do. So, when 
they fee the magiftery of pearl or coral made 
by dropping oil of tartar into the folutions of 
thofe bodies made with {pirit of vinegar, they 
afcribe the precipitation to the fixed alcali of 
the tartar, that mortifies the acidity of the fpi- 
rit of vinegar; whereas the precipication would 
no lefs enfue, if, inftead of alealizate oil of tar- 
tar, we employ that highly acid liquor which 
they call oleum, fulpburis per campanam. 

I think alfo it may be doubted; whether 
thofe, I reafon with, are fo certain as they fup- 
pofe, that at leaft, when they can manifeftly 
difcover am acid, tfor inftance, in a body, the 
operation of that body upon another, which 
they judge to abound with an alcali, muft be 
the effect of a conflict between thofe two jar- 
ring principles, or,-if 1 may fo.call them, duel- 
lifts. Fer.an acid hody may do many things, 
not finuply as an acid, but on the {core of a tex- 
ture.or modification, which endows it with o- 
ther qualities’ as nvell as acidity, whofe being 
affociated with thofe other qualities in fome 
icafes, may be.but accidental to the effect to be 
‘produced ; fince by one or more of thee other 
equalities the body may actin cafes, where pre- 
quidice may make a chemift confider nothing 
‘but acidity. Thus when fome chemifts fee an 
acid menftruum, as aqua-fortis, fpirit of dalr, 
oil of vitriol, 8cc. diffolve iron, they prefently 
afcribe the.effectito an acidity of the liquors, 
whereas well dephlegmed urinous {pirits, which 
they hold.to have a great anupathy to = 
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will, as I have tried in fome of them, readily 
enough diffolve crude iton even in the cold. 
And on the other fide, mercury will not work 
on the filifigs of iron, though this be-fo open a 
metal, that even weak liquors will do it ; and 
yet if one fhould urge, that quick-filver readi- 
ly diffolves gold in arnalgamation, he may ex- 
pect to be told, according to their do¢trine, 
that mercury has in it an occult acid, by which 
it performs the folution; whereasit feems much 
more probable,: that mercury has corpufcles of 
fuch a fhape aiid fize, as fit ther to infinuate 
themfelves into the commenfurate pores they 
meet with in gold, but make them unfit to en- 
ter readily the pores of iron, to which nature 
has not made them congruous ; as on the other 
fide the faline corpufcles of aqua-fortis will eafi- 
ly find admiffion into the pores of iron, but 
not into thofe‘of gold, to which they do not 
correfpond as they do to the others. And 
when a knife, whofe blade is touched with a 
load-ftone, cuts bread and takes up filings of 
iron, it does neither of them upon the {core of 
alcali and acidum, but the one upon the vifi- 
ble thape, and the ftiffnefs of the blade, and 
the other upon the latent contrivance or change 
of. texture produced by the operation of the 
load-ftone in the particles, that compofe the 
{teel. 

Tris may perhaps be farther illuftrated by 
adding, that when blue vitriol, being beaten 
and finely fearced, makes a white powder, that 
whitenefs is a quality, which the powder has 
not, as being of a vitriolate nature. For rock- 
cryftal or Venice-glafs, being finely beaten, will 
have the fame operation on the eye, but it pro- 
ceeds from the tranfparency of the body and 
the minutenefs, multitude, and confufed fitua- 
tion of the conpufcles, that make up the pow: 
der. And therefore, if other bodies be brought 
by comminution into parts endowed with fuch 
mechanical affections, as we have named; 
thefe-apgregates will aft upon the organs of 
fight, as white bodies. a 
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ND this: leads me to another exception 
againft the' hypothefis of the duellifts, 

which is, that the framers of it feem arbitrarily 
to have affigned provinces or offices to each of 
their two principles, as the chemifts do to each 
of their tria ‘prima, and the Peripateticks to 
each of their four elements, For it is not 
enough to fay, that an acid, for. inftance, as 
fuch, performs thefe things, and an alcali fo 
many others, that they divide the operations 
and phenomena of nature, or at leaft (as fome, 
more cautious, are content to fay) of mixed 
bodies between them ; fince affertions of fuch 
great moment ought not to be advanced or re- 
ceived without fufficient proof. And perhaps 
the very diftribution of falts.into acids and al- 
calies hath fomewhat of arbitrary in it, fince 
others may, without afluming much more, 
take the freedom to diftribute them otherwife, 
there being not only feveral things, wherein 
acids and alcalies agree, butalfo feveral things, 
wherein falts of the fame denomination widely 
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differ. As for inftance, fomealcalies, accords 
ing to thofe I reafon with, are, like falt of tar- 
tar, fixed, and will endufe the vidlehce of che 
‘fire; others, like falt of urine or harts-horh,- 
are exceedingly fugitive, and will be driven up 
with a fcarce fenfible degree of heat; fome, as 
fale of tartar, will precipitate the folution of 
fublimate into an orange-tawny; others, as 
{pirit of blood and harts-horn, precipitate {uch 
a folution into a milky fubftance. Qui of tar- 
_tar will very: flowly operaté upon filings of 


“copper, which fpirit “of urine and ‘harfs-horn 


will readily diffolve in the fire. 

Anp among acids themfelves the difference 
18 no lefs, if not much greater. Some of them 
will diffolve bodies, that others will not, as 
aqua-fortis will diffolve filver and mercury, but 
leave gold untouched ; or as aqua-regis, though 
made without fal-armoniac, that diffolves gold 
readily, will diffolve mercury but {curvily, and 
filver not at all. And this may happen, when 
the menftruum, that will not diffolve the body, 
is reputed much ftronger than that, which does; 
as dephlegmed fpirit of vinegar will diffolve 
lead, reduced to minute parts in the cold; 
which is an effect, that chemifts are not wont 
to expect from fpirit of falt. Nay, which is 
more, one acid will precipitate what another 
has diffolved, and contrarily ; as {pirit of falt 
will precipitate filver out of fpirit of nitre. 
And I found oil of vitriol ro precipitate bodies © 
of divers kinds, minerals and others, out of 
fome acid menftruums, particularly fpirit of 
vinegar. | 

To this might be added the properties, pe- 
culiar-to fome particular acids, as that {pirit 
of nitre or aqua-fortis will diffolve camphire 
into an oil, and coagulate common oil into a 
confiftent and brittle fubftance like tallow; 
and, though it will both corrode filver, cop- 
per, lead, and mercury, and keep them dif- 
folved, it will quickly let fall almoft the whole 
body of tin, very foon after it has corroded 
as much as it can of it. By all which, and 
fome other like inftances, I am..induced to 
queftion whether the acidum and. alcali, we 
are fpeaking of, have the fimplicity, that phi- 
lofophy requires in principles; and fhall be 
kept from wondering, if others fhall think it 
as free for them to conftitute other principles, 
as it is for the learned men I reafon with, to 
pitch upon acidum and alkali. : 

Anp fome perhaps will be bold to fay, that, 
fince the former of thofe principles compre- 
hend fuch a number of bodies, that are, many 
of.them, very differing, and fome of them di- 
rectly contrary in their operations, it feems.a 
flight and not philofophical account of their 
nature, to define an acid by its: hoftility to an 
alcali, which, they will fay, is almoft as if one 
fhould define a man, by faying, that he is an 
animal, that is at enmity with the ferpent 3 or 
a lion, that:he is a fourfooted beaft, that flies 
from a crowing cock, | | 
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UT although one of the chiefeft condi- 
tions, that philofophers may juftly require 
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in principles, is, that, being to explain other 
things, they fhould be very clear themfelves ; 
yet Ido not. much wonder, that the defini- 
tions given us of acidum and alcali fhould be 
but unaccurate and fuperficial, fince I find not, 
that they have themfelves any clear and deter- 
minate notion or fure marks, whereby to know 
them diftinétly, without which chemifts will 
f{carce be able to form clear and fettled notions 
of them. Forto infer, as is ufual, that, be- 
caufe a body diffolves another, which is dif- 
foluble by this or that known acid, the fol- 
vent muft alfo be acid; or to conclude, that, 
if a body precipitates a diffolved metal out of 
a confeffedly acid menftruum, the precipitant 
muft be an alcali; to argue thus, I fay, it ts 
unfecure ; fince, not to repeat what [ {aid late- 
ly of copper, I found, that filings of fpelter 
will be diffolved as well by fome alcalies, (as 
fpirit of fal armoniac) as by acids. And bo- 
dies may be precipitated out of acid men- 
ftrnums, both by other acids, and by liquors, 
where there appears not the leaft alcali: as I 
have found, that a folution of tin-glafs, made 
in aqua-fortis, would be precipitated both by 
fpirit of falt, and by common, or rain water. 
And as for the other grand way, that chemifts 
employ, to diféinguifh acids and _alcalies, 
namely by the heat, commotion, and bubbles, 
that are excited upon their being put together,’ 
that may be no fuch certain fign, as they pre- 
fume, they having indeed a dependence upon 
particular contextures, and other mechanical 
affeGtions, that chemifts are not wont to take 
any notice of. For almoft any thing, that is 
fitted varioufly and vehemently to agitate the 
minute parts of a body, will produce heat in it} 
and fo, though water be neither an acid, nor 
an alcalizate liquor, yet it would quickly grow 
very hot, not only with the highly acid oil of 
vitriol, but (as I have more than once pur- 
pofely tried and found) with the fiery alcalizate 
{alt of tartar. And it is to be noted, that nei- 
ther in the one, nor the other of thefe incalefcent 
mixtures, there is produced any fuch vifible or 
audible confli€t, as, according to the dottrine 
of the chemifts I reafon with, one would ex- 
pect. And as for the production of bubbles, 
efpecially if accompanied with a hiffing noile; 
neither is that fuch a certain fign as chemifts 
qmagine‘: for the production of bubbles is not 
a neceflary effect, or concomitant of heat excited 
by confficts, but depends very much upon the 
peculiar difpofition of bodies put together to 
extricate, produce, or intercept particles of air, 
(or fteams, for the time equivalent to them; ) 
and therefore as oil of vitriol, mixed in a due 


_ proportion with fair water, may be brought to 


make the, water too hot to be held in one’s 
hand,without exciting bubbles ; fo I have found, 
by trials purpofely made, that alcalizate fpirit 
of urine drawn from fome kinds of quick lime, 
being mixed with oil of vitriol moderately 
ftrong, would produce an intenfe heat, whilft 
it produced either no manifeft bubbles at all, 
or fcarcé any, though the urinous fpirit was 
ftrong, and in other trials operated like an al- 
cali; and although alfo with fpirit of urine, 
nade per fe the commen way, the oil of vitriol 


Torr : 2 


will produce a great hiffing, and a multitude 
of confpicuous bubbles; On the other fide, I 
have fometimes, though not fo conftantly, found, 
that fome acid fpirits, efpecially that of Verdi- 
preafe made per fe, would, when poured upon 
falt of tartar, make a confli€ with it, and pro- 
duce a copious froth, though we obferved it 
not to be accompanied with any manifeft Heat. 
And I elfewhere mention two bodies, upon 
whofe putting together; numerous bubbles 
would, for a long time, and not without noife, 
be generated, and fucceed one another, though 
I could perceive no heat all to accompany this 
tumult. 

As for the tafte, which by marly is made a 
great touchitone, whereby to know acids and 
alcalies, I confider, that there is 4 multitude of 
mixed bodies, wherein we can fo little difcern 
by the tafte; which of the ‘principles is predo- 
minant, that this fenfe would not oblige one to 
fufpect, much lefs to conclude, there were oné 
srain of either of them to.be found there: fuch 
bodies are diarhonds and rubie$, and moft gems; 
befides many ignobler ftonés, and gold; and 
filver, and mercury, and I know not how ma- 
ny other bodies. On the other fide; there are 
bodies, that abound with acid or alcalizate falts, 
which either have no tafte, or a quite differing 
one from that of the chemical principle: As 
though Venice-glafs be in great part compofed 
of a fixed aleali; yet to the tongue it is infipid; 
and cryftals of lune, and of ‘lead; made with 
aqua fortis, and containing great ftore of thé 
acid particles of the menftroum, have nothing’ 
ef acidity in the mouth, the latter having a 
faccharine {weetnefs, and the former an extreme 
bitternefs, And even in vegetable fubftances; 
that have a manifeft tafte, it is‘not fo eafy to 
know by that; whether it be the acid, or the 
alcalizate principle; that is predominant in 
them ; as in the effential oils of fpices, and o- 
ther vegetables. And in the grofs empyreu- 
matical oils of woods, and even in high recti- 
fied fpirit of winé, whith therefore fome will 
have to be an alcalizate liquor, and others lift 
it among acids, though I did not find it neij= 
ther to be deftroyed,; ot much altered; by be- 
ing put upon coral, or falt of tartar; as would 
happen to an acid menftrutim; nor yet by be- 
ing digefted with, and diffilled from fea falt, 
as might be probably expected from an alcali- 
Zate one: and among thofe very bodies, which 
their taftes perfuadé chemifts to reckort among 
acids, ohe may (according to what I formerly 
noted) obferve fo great a difference and va- 
riety of relifhes, that, perhaps, without being’ 
too fevere, I may fay, that if I were to allow 
acids to be one principle, it fhould be only in 
fome fuch metaphyfical fenfe, as that wherein 
air is faid to be one body, though it confift of: 
the affociated effuviums of a multitude of cor- 
pufcles of very differing natures, that agree in 
very little, fave in their being minute enough 
to concur to the compofition of a fluid agere- 
gate, confifting of flying parts. But having 
dwelt longer than I intended on one objec- 
tion, it is time, that I proceed to thofe that 
remain. 
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CHAP. V. 


f Spt icers particular, I am unfatishéed 
with in the hypothefis of alcali_ and aci- 
dum, is, that it is in divers cafes either need- 
lefs or ufelefs to explain the phenomena of qua- 
lities, there being feveral of thefe produced, 
deftroyed, or altered, where there does not ap- 
pear any acceffion, recefs, or change of either 
of thofe two principles; as when fluid water by 
hard beating is turned into confiftent froth, 
and when tranfparent red coral is, barely by 
being beaten and fifted finely, changed into a 
white and opacous powder; and as when a 
‘very flexible piece of fine filver being ham- 
mered is brought to have a brifk fpring, and 
after a while will, inftead of continuing mallea- 
ble, crack or cleave under the hammer; and 
as when (to difpatch and omit other inftances) 
a fufficiently thin leaf of gold, held between the 
light and the eye, appears green. 

Anotuer thing (of kin to the former,) 
that I like not in the doétrine of acidum and 
alcali, is, that though the patrons of it, whilft 
they would feem to conftitute but two princi- 
ples, are fain, as I lately intimated, to make 

know not how many differing forts of acids, 
Befides fome variety of alcalies; yet their prin- 
ciples are too few and narrow, to afford any fa- 
tisfactory explication of the phenomena. For 
T fear, it will be very difficult for them to give 
a rational account of gravity, {pringinefs, light, 
and emphatical colours, founds, and fome other 
qualities, that are wont to be called manifeft ; 
and much more of feveral, that are confeffed 
to be occult, as electricity, and magnetifm, 
in which laft I fee not, how the affirming, that 
there 1s in the magnet an acid and an alcali, 
and that thefe two are of contrary natures, will 
help to explain, how a load-ftone does, as 
they fpeak, attract the fame end of a poifed 
needle, with one of its poles, which it will 
drive away with the other, and determine that 
seedle, when freely placed, to point north and 
fouth, and enable it to communicate by its bare 
touch the fame properties, and abundance of 
other ftrange ones, to another piece of fteel. 
But I forbear to alledge particular examples 
referdble to the feveral qualities above-men- 
tioned, whether manifeft or hidden, becaufe 
that in great part is already done in our notes 
about particular qualities, in which it will ap- 
pear, how little able the employing of alcali 
and acidum will be to afford us an account of 
many things. And though I enlarge not here 
on this objection, yet I take it to be of that 
importance, that, though there were no other, 
this were enough to fhew, that the hypothefis, 
that is liable to it, is infufficient for the explica- 
tion of qualities; and therefore it will not, I 
prefume, be thought ftrange, that I add, that as 
for thofe, that would extend this narrow che- 
mical doctrine to the whole object of natural 
philofophy, they muft do more, than I expec 
they will be able before they can make me their 
profelyte, there being a multitude of phzeno- 
mena in nature (divers whereof I elfewhere 
take notice of in reference to the chemift’s 
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‘cry sag in. which what acidum and al- 
— to do; I confefs; I do not under- 
and. 


CHAP. VI. 


fees laft thing (which comprizes feveral 
others) that feems to me a defect in the 
doétrine of alcali and acidum, is; that divers, 
if not moft of thofe very things, that are pre- 
tended to be explicated by them, are not fatis- 
factorily explicated, fome things being taken 
into the explications, that are either not fun- 
damental enough, or not clearly intelligible, or 
are chargeable with both thofe imperfections. 

Anp firft I am diflatisfied with the very 
fundamental notion of this doétrine, namely a 
fuppofed hoftilicy between the tribe of acids 
and that of alkalies, accompanied, if you wil! 
have it fo, with a friendfhip or fympathy with 
bodies belonging to the fame tribe or tamily. 
For I look upon amity and enmity as affec- 
tions of intelligent beings; and Ihave not yet 
found it explained by any, how thofe appe- 
tites can be placed in bodies inanimate and de- 
void of knowledge, or of fo much as fenfe. 
And [ elfewhere endeavour to fhew, that what 
is called fympathy and antipaghy between fuch 
bodiesdoes, in great part,depend upon the a¢tings 
of our own intellect, which fuppofing in every 
body an innate appetite to preferve itfelf both ina 
defenfive and an offenfive way, inclines us to 
conclude, that that body, which, though 
defignlefsly, deftroys or impairs the ftate or 
texture of another body, has an enmity to it, 
though perhaps a flight mechanical change 
may make bodies, that feem extremely hof 
tile, feem to agree very well and co-operate 
to the production of the fame effects. As if the 
acid fpirit of falc and the volatile alkali (as 
they will have it) that is commonly called fpi- 
rit of urine be put together, they will, after a 
fhort, though fierce conflict, upon a new con- 
texture unite together mto a falt, little, if at 
all, differing from fal armoniac, in which the 
two reconciled principles will amicably join 
in cooling of water, diffolving fome metalline 
bodies, and producing divers other effects, 
And fo, if upon a ftrong folution of falt of 
pot-afhes, or of fale of tartar, good fpirit of 
nitre be dropped in a due proportion, after 
the heat and tumult and ebullition are over, 
the acid and the alkalizate falts will convene 
into fuck a concretion as falt-petre, which is 
taken to be a natural body, either homoge- 
neous, or at leaft confifting of parts, that a- 
gree very friendly together, and confpired to 
conftitute the particular kind of falt, that che- 
mifts call nitre. 

But the fympathy and antipathy, that is 
faid to be betwixt inanimate bodies, I elfe- 
where more particularly confider; and there- 
fore | fhall now add in the fecond place, that 
the explications made of phznomena, accor- 
ding to the doétrine of alkaliand acidum, do 
net, in my appreherfion, perform what may 
be juftly expected from philofophical expli- 
cations. It is faid indeed, that the acidum 
working on the alkali, or this upon wise oe 
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ducés the effect propofed ; but that is only to 
tell us, what is the agent, that operates, and not 
the manner of the operation, or the means and 
proce{s, whereby it produces the effect propofed, 
and it is this modus, that inqusfitive naturalifts 
chiefly defise to learn. And if it be faid, that 
it is by the mutual hoftility of the principles, 
that the effect is produced, it may be anfwered, 
that befides that that hoftility itfelf is not, as 
we have juft now obferved, a thing clear, if fo 
much as intelligible ; this is fo general and in- 
determinate a way of explicating things, as 
can afford little or no fatisfaction to a fearching 
and cautious naturalift, that confiders how ve- 
ry numerous and very various the phanomena 
of qualities are. 
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O clear up and to countenance what I 
TL have been now faying, I fhall only take 
notice of fome few obvious phenomena of 
ene of the moft familiar operations wherein 
acidum and alkali are fuppofed to be the grand 
agents, It is known to the very boys of che- 
mifts, that aqua regis will diffolve gold, cop- 
per and mercury, and that with thefe metals, 
efpecially with the fecond, it will produce an 
intenfe degree of heat. If now the caufe of 
this heat be demanded, it may be expected, 
that the patrons of the Duellifts will aniwer, 
that it is from the action of the acid falts of 
the menftruum upon the alkali they meer with 
in the metals. But not to mention how ma- 
ny things are here prefumed, not proved; 
nor that I know fome acid menftruums, and 
fome much more evidently alkalizate bodies 
than thefe metals are, which yet do not upon 
their mixtures produce any fenfible heat ; not, 
I fay, to mention thefe, it is eafy to difcerh, 
that this anfwer names indeed two fuppofed- ef- 


ficients of heat, but does not explicate or de- - 


clare how thefe agents prodace that quality, 
which depends upon a certain vehement and 
various agitation of the fingly infenfible . phrts. 
of bodies, whether the Duellifts, or any other, 
though very differing caufes, put tiem into a 
motion fo modified. And therefore gold-and 
copper, by bare concuffion, may be brought tq 
an intenfe degree of heat, without the acceffion 
of any acid parts to work upon them. But 
then further, when we are told, that aqua re- 
gis by its acidity working on the metalline 
alkali makes adiffolution of the metal; I am 
told indeed, what they think to be the agent 
in this change, but not at all fatished how 
this agent effects it ; for, copper being a very 
hard metal, and gold generally efteemed by 
chemifis the clofeft and compacteft body in 
nature, I would gladly know, by what power 
and way fuch weak, and probably either brittle 
or flexible bodies, as acid falts, are enabled with 
shat force to disjoin fuch folid and clofely co- 
herent copufcles, as make up the vifible maffes 
of copper and gold, nay, and {catter them with 
that violence, as, perhaps to tofs upmultitudes of 
them into the air, And fince in the diffolu- 
tion of thefe metals there is another phaino- 
menon to be actounted for, as well as the 
forcing of the parts afundet, namely the fuf- 


aad ACIDUM. 
tentation of the metal in the menftruum, the 
chemifts would have much informed me, if 
they had well explained, how their acidum and 
allah is able. to fuftain and give Aliidity to the 
corpufcles of the diffolved metal, which though 
it be but copper; is nine times as heavy'as a 
bulk of water equal to it, and if it be gold, is 
nineteen times heavier than the liquor, that 
mutt keep it from finking, and at leaft divers 
times heavier in {pecie than the falts, that are 
mingled with the aqueous parts, can make the 
menftruum compofed of them both. Where- 
as trial has affured me, that, if a piece of 
wax, or any other fuch matter, be made by lefs 
than the hundredeh part heavier than an equal 
bulk of water, it will, when thoroughly immerfed, 
fall to the bottom, and reft there. I might 
alfo afk a further queftion about thefe diffoly 
tions, as why, whereas aqua regis diffolvés 
mercury, without being much changed jh co- 
Jour by it, gold retains its own citrinity or yel- 
lowneds in the folvent, and the folution of cop- 
per is of a.colour, which being greenifh-blew 
is quite differing from that of .rhe metal, that 
affords it, as well as from that of the folvent ? 
And _ might recruit thefe with other queries 
not impertinent, but that thefe may fuffice (for 
afample) on this occafion, and allow me to 
conclude this chapter, by reprefenting‘one thing, 
which I would gladly recommend and incul- 
cate to you, namely, that ‘“* Thofe hypothe- 
** fes do not a little hinder the progrefS of 
‘¢ humane knowledge, that introduce morals 
** and politicks into the explications of cor- 
*< poreal nature, where all things are indeed 
‘© cranfacted according to laws mechanical,”* 


CHAP, VII. 


| pacer eafily have been mort copiousin the 


inftances annexed to the foregoing anitmad- 
verfions, buc thet, being defirous to be fhort 


_ as well as clear, I purpofely declined to make 


ule of divers offers, that feemed proper to be 
employed, and indeed might fafely enough 
have béerr.fo, becaule thofe I have mentioned 
and efpecially thofe (which make a great part 


of them) that are mechanical, are not liable 


to the fame exceptions, that I forefaw might 
be made to elude the force of the examples I 
paffed by. And though I think I could very 
well make thofe forefeen objections appear 
groundlefs or unfatisfactory ; yet that could 
{carce be done without engaging in controver- 
fies, that would prove more tedious than I 
judged them necefiary. 

Awnp yet, althotgh what I have faid ih this 
excurfion be but a part of what I could fay, I 
would not be thought to have forgot what I 
intimated at the beginning of it. For though 
the reafons I alledged keep me frorn acquiefcing 
in the doétrine of alkali and acidum, as itis 
propofed ander the notion of a philofophical 
hypothefis, fuch as the Cartefian or Epicurean, 
which are each of them alledged by their em- 
bracers to be mechanical, and of.a very Ca: 
tholick extent; yet deny not, that the confi- 
deration of the Duellifts (or the two jarring 
principles of alkali and acidum) may be of 
good ufe to Spagyrifts and phyficians, as 1 
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elfewhere further declare. Nor do I pretend 
by the paft difcourfe, that queftions one doc- 
trine of the chemifts, to beget a general con- 
tempt of their notions, and much lefs of their 
experiments. For the operations of chemiftry 
may be mifapplied by the erroneous reafonings 
of the artifts, without ceafing to be themfelves 
things of great ufe, as being applicable, as well 
to the difcovery or confirmation of folid theo- 
ries, as the production of new phzenomena, 
and beneficial effets. And though I think, 
that many notions of Paracelfus and Helmont, 
and fome other eminent Spagyrifts, are unfolid, 
and not worthy the veneration, that their ad- 
murers cherifh for them ; yet divers of the ex- 
periments, which either are alledged to favour 
thefe notions, or on other accounts are to be 
met with among the followers of thefe men, 
deferve the curiofity, if not the efteem, of the 
induftrious inquirers into nature’s myfteries. 
And looking upon chemiftry in grofs as a difci- 
pline fubordinate to phyficks, even mechanical 
philofophers may juftly, in my opinion, think 
favourably of it, fince, whatever imperfec- 


tions, or, if they pleafe, éxtravagancies there 
may be in the principles and explications of Pa- 
racelfus or other leading artiits, thefe faults of 
the theorical part may be fufficiently compen- 
fated by the utilities, that may be derived from 
the practical part. And this I am the rather 
induced to fay, becaufe the experiments, that 
chemiftry furnifhes, may much affift a natu- 
ralift to rectify the erroneous theories, that of- 
tentimes accompany them, and even thofe 
(miftakes) that are endeavoured to be evinced 
by them. 

Anp (to conclude) chemiftry feems to deal 
with men, in reference to notions, as it does in 
reference to metals, affifting wary men to de- 
tect the errors, unto which it may have mif- 
led the unwary: for the fame art, that has 
taught fome to impofe on others, (and per- 
haps themfelves firit) by blanching copper, 
imitating gold, &c. does alfo fupply fay- 
mafters and refiners, with the means, by the 
cupel, cements, aqua fortis, &c. to examine, 
whether coins be true or falfe, and difcover 
adulterate gold and filver to be counterfeit. 
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ADVERTISEMENTS about the ExpERIMENTS 
and Notes relating to CHEMICAL QUALITIES. 


HEN, after I had gone through 

the common operations of chemif- 

| try, I began to make fome ferious 
reflections on them, I thought it was pity, that 
inftruments, that might prove fo ferviceable to 
the advancement of natural philofophy, fhould 
not be more ftudioufly and fkilfully made ufe 
of to fo good a purpofe. I faw indeed, that 
divers of the chemifts had, by a diligent and 
laudable employment of their pains and indu- 
ftry, obtained divers productions, and lighted 
on feveral phanomena, confiderable in their 
kind, and indeed more numerous, than, the 
narrownels and fterility of their principles con- 
fidered, could well be expected. But I ob- 
ferved too, that the generality of thofe, that 
bufy themfelves about chemical operations ; 
fome, becaufe they practife phyfick, and o- 
thers, becaufe they either much wanted, or 
greedily coveted money, aimed, in their trials, 
but at the preparation of good medicines for 
the human body, or to difcover the ways of 
curing the difeafes or imperfections of metals, 
without referring their trials to the advance- 
ment of natural philofophy in general; of 
which moft of the alchymifts feem to have 
been fo incurious, that not only they did not 
inftitute experiments for that purpofe, but 
overlooked and defpifed thofe undefigned ones, 
that occurred to them, whilft they were profe- 
cuting a preparation of a medicine, or a tranf- 
mutation of metals. The fenfe Ihad of this 
too general omiffion of the chemifts, tempted 
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me fometimes to try, whether I could do any 
thing towards the repairing of it by handling 
chemiftry, not as a phyfician, or an alchymift, 
but as a meer naturalift, and fo by applying 
chemical operations to philofophical purpdfes, 
And, in purfuance of thefe thoughts, I remerh- 
ber I drew up a fcheme of what I ventured to 
call a chemia philofopbica, not out of ‘any af- 
fectation of a fplendid title, but to intimate, 
that the chemical operations, there treated of, 
were not directed to the ufual fcopes of phyfi- 
cians, or tran{muters of metals, but partly to 
illuftrate, or confirm fome philefophical theo- 
ries by fuch operations ; and partly to expli- 
cate thofe operations, by the help of fuch 
theories. 

But before I had made any great progrefs: 
in the purfuit of this defign, the fatal pefti- 
lence, that raged in Loudon; and in many other 
parts of England, in the years 1664 and 65, 
obliging me, among the reft, to make feveral 
removes, which put me upon taking new mea- 
fures, and engaging me in other employments 
of my time, made me fo long neglect the pa- 
pers I had drawn up, that, at laft, I knew not 
where to find them, (though, I hope, they are 
not yet miflaid beyond recovery,) which I was 
the lefs troubled at, becaufe the great difficul- 
ties, to be met with in fuch an undertaking, 
did not a little difcourage me, fuch a tafk re- 
quiring, as well as deferving, a perfon better 
furnifhed, than I had reafon to think myfelf,. 
with’ abilities, leifure, chemical exper‘ments, 
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and conveniénces, to try a5 many more, a 
fhould appear needful. But yet, tobreak the 
ice for any, that may hereafter think fit to fet 
upon fuch a work,-or, to fhorten my own la- 
bour, if I fhould fee caufe to refume it myfelf, 
I was content to throw in; among my notes 
about other particular qualities, fome experi 
ments and obfervations about fore of thofe, 
that I have elfewhere called chemical qualities, 
becaufe it is chiefly by the operations of che 
mifts, that men havé been induced to take 
{pecial notice of thern. Of thefe notes I have 
afligned to fome qualities more, and to fome 
fewer, as either the nature or importance of 
the fubjeét feemed to require, or my leifure 
and other circumftanees would permit. And 
though I ha¥e not here handled the fubjeéts 
they belonged to; as if 1 intended fuch a che- 
mia philofophica, as | lately mentioned, becaufe 
my defign did not make it neceffary, but did, 
perhaps, make it impertinent for me to do fo; 
yet, in fome of the Jarger notes, about volati- 
lity and fixednefs, arid efpecially about preci- 
pitation, I have given fome litele fpecimens of 
the theorical part of a philofophical account of 
thofe qualities, or éperations, that, I hope, will 
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not be wholly ufelefs:; I know, it may be ob- 


jected,,that I faould have. employed, for in- 


{tances, fome more confiderable experiments, 
if not arcana; buts though poffibly I am not 
altogether unfurnifhed with fuch, yet, aiming 
rather to promote philofophy, than appear a 
poffeffor of elaborate proceffes, I declined fe- 
veral experiments, that required either more 
fkill, or more time, or more expence, than 
could be well expected from moft readers, and 
chofe rather to employ fuch experiments, as 
may be more eafily or cheaply tried; and, 
which is mainly to be confidered; being more 
fimple, are more clearly intelligible, and more 
fit to have nottons and theories built upon 
them; efpecially confidering; that the doc- 
trine of qualities being itfelf converfant about 
fome of the rudimental parts, if I may fo call 
them, of natural philofophy, it feemed unfie 
to employ intricate experiments, and whofe 
caufes were liable to many difputes, to fettle a 
theory of them. In fhort, my defign being 
to hold a taper, not fomuch to chemifts, as to 
the naturalifts, it was fit I fhould be lefs folli- 
citous to gratify the former, than to inform the 
latter. 


EXPERIMENTS and NOTES, about the Me- 
CHANICAL ORIGIN and ProDucTION of VOLATILITY. 
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I A S far as Ihave yet obferved, the qua- 

lifications or attributes, on whofe ac- 

am. count a: portion of matter is found to 

be volatile, are chiefly four ; whereof the three 

former moft regard the fingle corpufcles, as 

fuch ; and the laft, the manner of their union 
in the ageregate or body they make up. 

Burt before I enter upon particulars, give 
me leave to advertife you here; once for all, 
that, in the following notes about volatility and 
fixednefs, when I fpeak of the corpufcles, or 
minute parts of a body, I do not mean ftriétly 
either the elementary parts, fuch as earth and 
Water, or the ‘hypoftatical principles, fuch as 
falt, fulphur, or mercury; for thefe things 
come not here into confideration : but only fuch 
corpufcles, whether of a fimple, compound- 
ed, or decompounded nature, as have the par- 
ticles they confift of fo firmly united, that 
they will not be totally disjoined, or diffipated, 


by that degree of fire or heat, wherein the ' 


matter is faid to be volatile, or to be fixed, 
But thefe combined particles will, in their ag- 
gregate, either afcend, or continue unraifed per 
modum unius, (as they fpeak) or as one entire 
corpufcle. As in a corpufcle of fal armoniac, 
whether it be a natural or factitious thing, or 
whether it be pérfectly fimilar, or compound- 
ed of differing parts, 1 look upon the entire 


corpufcle, as a volatile portion of matter; and 
fo I do on a corpufcle of fulphtir, though ex- 
perience fhews, when it is kindled, that it has 
great ftore of acid falt in it, but which is not 
extricated by bare fublimation : and fo colco- 
thar of vitriol falls under our confideration, as 
a fixed body, without enquiring what cupre- 
ous or other mineral, and not totally fixed 
path may be united with the earthly ones ;. 
ince the fires, we expofe it to, do not fepa- 
rate them. 

Anp this being premifed in the general, I 
how proceed to fome particulars. And firft, 
to make a volatile body, the parts fhould be 
very fmall. For, ceteris paribus, thofe, that 
are fo; are more eafily put into motion by the 
action of the fire, and other agents, and con- 
fequently more apt to be elevated, when, by 
the determination of the movent, the fituation 
of the neighbouring bodies, or other mecha- 
nical circumftances, the agitated corpufcles can 
continue their motion with lefs -refiftance up- 
wards, than any other way, (as either down- 
wards, or horizontally.) And if, as it is high- 
ly probable, that, which in light bodies, or, 
at leaft, in moft of them, is wont to pafs for 
pofitive levity, be but a lefs degree of gravity, 
than that of thofe contiguous bodies, that raifé 
them ; it will happen, that, in very many ca- 
fes, (for, I fay, not in all,) the great propor- 
tion of the furface of a corpuicle to its bulk, 
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(which is ufually greater in the leffer particles, ) 
by making it more apt to be wrought on, either 
by the air agitated by the fire, or by the efflu- 
via of kindled fuel, or by the impulfe of the 
fhaken corpufcles of the body itfelf, will much 
facilitate the elevation of fuch a minute par- 
ticle, by expofing a greater portion of it to the 
action of the agent, as it will oftentimes alfo 
facilitate the renewed fuftentation of fuch a 
{mall body in the air, which refifts more the 
defcent of particles, whofe furfaces are large, 
than of others of the fame gravity and bulk : 
as a leaf of paper difplayed will much longer 
hover in the air, than if it were reduced into a 
ball or pellet. That this minutenefs of par- 
ticles may difpofe them to be carried upwards, 
by the impulfe of other bodies, and that of the 
agitated air, is very obvious to be obferved : 
as we fee, that horfes in a highway, though 
they be not able, with the ftrokes of their feet, 
to make ftones, or gravel, or clods of earth fly 
up, yet they will eafily raife clouds of duft, 
oftentimes mingled with the fmaller grains of 
fand. And, where timber is fawing, the fame 
wind, that will not, in the leaft, move the beams, 
and fcarce at all move the chips, will eafily carry 
up the faw-duft into the air. And we fee in 
our chimneys, that the fmoke readily afcends, 
whilft even {mall clods of foot; which is but an 
ageregate of the partieles of fmoke, fall head- 
long down. 


CHAP. II. 


HE next qualification requifite in the 
| corpufcles of volatile bodies is, that they 
be not too folid or heavy. For if they be fo, 
though their bulk be very fmall, yet, unlefs 
other circumftances do much compenfate their 
weight, it will be very difficult to elevate them, 
becaufe of the great difproportion of their {pe- 
cific gravity to that of the air, (which contri- 
butes to fuftain and even raife many forts of 
volatile parts) and to the ftrength of the ig- 
neous effluvia or other agents, that would car- 
‘ry them up. Thus we fee, that filings of lead 
or iron, and even minium (which is the calx 
of lead) though the grains they confift of be 
very fmall, will not eafily be blown up like 
common duft, or meal, or other powders made 
of lefs ponderous materials. 

A third qualification to be defired in the 
corpufcles, that fhould make up a volatile bo- 
dy, is, that they be conveniently fhaped for 
motion. For if they be of branched, hooked, 
or other very irregular or inconvenient figures, 
they willbe apt to be ftopped and detained by 
other bodies, or intangled among themfelves, 
and coniequently very difficult to be carried 
upwards, in regard that, whilft they are thus 
faftened, either to one another, or to any fta- 
ble body, each fingle corpufcle is not only to 
be confidered, as having its own peculiar bulk, 
fince its cohefion with the other corpufcle or 
body, that detains it, makes them fit to be 
looked upon per modum unius;, that degree of 
heat, they are expofed to, being prefumed unca- 
pable of disjoinng them. And this may be 
one reafon, why water, though it be {pecifi- 


cally heavier than oil, yet 1s much more eafily 
brought to exhale in the form of vapours than 
is oil, whofe corpufcles by the lafting ftains they 
leave on cloth, wood, wool, &c. (which water 
will but tranfiently moiften, not ftain) feem to 
be of very intangling figures. 

Tue fourth and laft qualification requifite 
in a volatile body is, that the parts do loofely 
adhere, or at leaft be united in fuch a manner, 
as does not much indifpofe them to be fepara« 
ted by the fire in the form of fumes or vapours, 

For he, that confiders the matter, will eafi- 
ly grant, that, if the contexture of the corpuf- 
cles, whereof a body confifts, be intricate, or 
their cohefion ftrong, their mutual impiication, 
or their adherence to each other, will make 
one part hinder another from flying feparately 
away, and their conjunction will make them 
too heavy or unweildy to be elevated together, 
as intire, though compounded parts. Thus we 
fee, that in fpring, or the beginning of fum- 
mer, a wind, though not faint, is unable to 
carry off the lighteft leaves of trees, becaufe 
they ftick faft to the bows and twigs on which 
they grow, but in Autumn, when that adhe- 
fion ceafes, and the leaves fit but loofely on, 
a wind no ftronger than that they refifted be- 
fore, will with eafe blow them off, and perhaps 
carry them up a good way into the air. But 
here note, that it was not without fome caufe, 
that ] added above, that in a fluid body, the 
parts fhould at leaft be united in fuch a man- 
ner, as does not much indifpofe them to be 
feparated. For it is not impoffible, that the 
parts of a body may, by the figures and {mooth- 
nefs of the furfaces, be fufficiently apt to be 
put into motion, and yet be indifpofed to ad- 
mit fuch a motion as would totally feparate 
them and make them fly up into theair. As, 
if you take two pieces of very flat and well- 
polifhed marble or glafs, and lay them one 
upon the other, you eafily make them flide 
along each others furfaces, but not eafily pull 
up one of them, whilft the other continues its 
ftation. And when glafs is in the ftate of fu- 
fion, the parts of it will eafily flide along each 
other, as is ufual in thofe of other fluids, and 
confequently change places, and yet the con- 
tinuity of the whole is not intirely broken, 
but every corpufcle does fomewhere touch 
fome other corpufcle, and thereby maintain 
the cohefion, that indifpofes it for that intire 
feparation accompanied with a motion upwards, 
that we call avolation. And fo, when falt- 
petre alone is in a crucible expofed to the fire, 
though a very moderate degree of it will fuf- 
fice to bring the falt to a ftate of fufion, and 
confequently to put the corpufcles, that com- 
pofe it, into a reftlefs motion; yet a greater 
degree of ‘heat, than is neceffary to melt it, 
will not extricate fo much as the fpirits, and 
make them fly away. | 


CHAP. I. 


HE foregoing doctrine of the volatility 
of bodies may be as well illuftrated as 
applied, if we proceed to deduce from it the 
general ways of volatilization of bodies, or of 
i _ intrO- 
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introducing volatility into an affigned portion 
of matter. For thefe ways feem not inconve- 
niently reducible to five, which I fhall feve- 
rally mention, though nature and art do ufually 
employ two cr more of them in conjunction. 
For which reafon I would not, when I {peak 
of one of thefe ways, be underftood, as if, 
excluding the reft, I meant, that no other con- 
curred with it. 

Tue firft of the five ways or means of vo- 
latilizing a body is, to reduce it inta minute 
parts, and, ceteris paribus, the more minute 
they are the better. 

TuatT the bringing a body into very mi- 
nute parts may much conduce to the volatiliz- 
ing of it, may be gathered from the vulgar 
practice of the chemifts, who, when they 
would fublime or diftil antimony, fal armoniac, 
fea-falt, nitre, &cc. are wont to beat them to 
powders to facilitate their receiving a further 
comminution by the action of the fire. And 
here I obferve, that in fome bodies this commis 
nution ought not to be made only at firft, but 
to becontinued afterwards. For chemuts find 
by experience, though perhaps, without con- 
fidering the reafon of it, that fea-falt and nitre 
will very hardly afford their fpirits in diftilla- 
tions, without they be mingled with powdered 
clay or bole, or fome fuch other additament, 
which ufually twice or thrice exceeds the 
weight of the falt itfelf: although thefe addi- 
taments, being themfelves fixed, feem unlike- 
ty to promote the volatilization of the bodies 
mixed with them, yet by hindering the {mall 
erains of falt to melt together into one lump or 
mais, and confequently by keeping them in the 
{tate of comminution, they much conduce to 
the driving up of the fpirits, or the finer parts 
of the falts by the operation of the fire. 

BuT to profecute a little what I was faying 
of the conducivenefs of bringing a body into 
fall parts to the volatilization of it, I fhall 
add, that in fome cafes the comminution may 
be much promoted by employing phyfical, af- 
ter mechanical, ways; and that, when the 
parts are brought to fuch a pitch of exiguity, 
they may be elevated much better than before. 
Thus, if you take filings of Mars, and mix 
them with fal armoniac, fome few parts may 
be fublimed ; butif, as I have done, you dif- 
folve thofe filings in good fpirit of falt, inftead 
of oil of vitriol, and having coagulated the fo- 
lution, you calcine the greenifh cryftals or vi- 
triolum martis, that will be afforded, you may 
with eafe, and in no long time, obtain a crocus 
martis of very fine parts; fo that Iremember, 
when we exquifitely mingled this very fixed 
powder with a convenient proportion of fal 
armoniac, and graduaily preffed it with acom- 
petent fire, we were able to elevate at the firft 
fublimation a confiderable part of it; and add- 
ing alike, or fom what inferior, proportion 
of frefh fal armoniac to the caput mortuum, we 
could raife fo confiderable a part of that alfo, 
and init of the crocus, that we thought, if we 
had had conveniency to purlue the operation, 
we fhould, by not many repeated fublimations, 
have elevated the whole crocus, which (to hint 
that upon the by,) afforded a fublimate of fo 
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very aftringent a tafte, as may make the trial 
of it in ftanching of blood, ftopping of fluxes, 
and other cafes, where potent aitriction is de- 
fired, worthy of a phyfician’s curiolity. 
CHAP. IV. 

HE, fecond means to volatilize bodies is, 

to rub, grind, or otherwife reduce their 
corpufcles to be either fmooth, or otherwife 
fitiy fhaped to clear themfelves, or be difin- 
tangled from each other. 

By reafon of the minutenefs of the corpuf- 
cles, which keeps them from being feparately 
difcernible by the eye, itis not to be expected, 
that immediate and ocular initances fhould be 
given on this occafion; but that fuch a change 
is to be admitted in the {mall parts of many 
bodies, brought to be volatile, feems highly 
probable from the account formerly given of 
the requifites or conditions of volatility, whofe 
introduction into a portion of matter, will 
{carce be explicated without the intervention 
of fuch achange. To this fecond inftrument 
of volatilization, in concurrence with the firft, 
may probably be.referred the following phzeno- 
mena: in the two firft of which there is em- 
ployed no additional volatile ingredient; and 
in the fourth, a fixed body is difpofed to vola-- 
tility by the operation of a liquor, though this 
be carefully abftra¢ted from it. | 

1. Ir urine frefhly made be put to diftil; 
the phlegm will firft afcénd, and the volatile 
falt will not rife till that be almoft totally dri- 
ven away; and then requires a not inconfidera-. 
ble degree of fire to elevate it. But, if you 
putrify or digeft urine, though in a well-clofed 
glafs-veffel, for feven or eight weeks, that 
gentle warmth will make the {mall parts fo 
rub againft, or otherwife act upon, one ano- 
ther, that the finer ones of the falt, will per- 
haps, be made more flender and light, and 
however will be made to extricate themfelves 
fo far, as to become volatile, and, afcending in 
a very gentle heat, leave the greateft part of 
the phlegm behind them. 

2. So, if muft, or the {weet juice of grapes, 
be diftilled, before it have been fermented, it is 
obferved by chemifts, and we have tried the 
like in artificial wine made of raifins, that the 
phlegm, but no ardent fpirit, will afcend. 
But when this liquor is reduced to wine by fer- 
mentation, which is accompanied with a great 
and inteftine commotion of the juftling parts, 
hitting and rubbing againft one another, where-« 
by fome probably come to be broken, others 
to be varioufly ground and fubtilized, the 
more fubtile parts of the liquor being extri- 
cated, or fome of the parts being, by thefe 
operations, brought to be fubtile,’they are qua~ 
lified to be raifed by a very gentle heat before 
the phlegm; and convene into that fugitive li- 
quor, that chemifts, for its activity, call fpirit 
of wine. Nor is it only in the flighter in- 
{tances afforded by animals and vegetables, 
that volatility may be effected by the means 
lately mentioned ; for experience hath affured 
me, that it is poffible, by an artificial and long 
digeftion, wherein the parts have leifure for 
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Frequent juftlings and attritions, fo to fubtilize 
and difpofe the corpufcles, even of common 
falt, for volatility, that we could make them 
afcend in a moderate fire of fand, without the 
help of bole, oil of vitriol, or any volatilizing 
additament; and, which is more confiderable, 
the fpirit would, in rifing, precede the phlegm, 
and leave the greateft part thereof behind it. 

Tuis inteftine commotion of parts, capable 
of producing volatility in the more difpofed 
portions of a body, though it be much more 
éafy to be found in liquors, or in moift and 
foft bodies, yet I have fometimes, though 
rarely, met with it in dry ones. And particu- 
farly [remember, that, fome years ago, having, 
for trial-fake, taken muftard-feed, which is a 
body pregnant with fubtile parts, and caufed 
it to be diftilled per fe in a retort, I had, as J 
hoped, (without any more ado,) a great many 
erains of aclear and figured volatile falt at the 
very firft diftillation: which experiment hav- 
ing, for the greater fecurity, made a fecond 
time with the like fuccefs, I] mentioned it to 
fome lovers of chemiftry, as what, I juftly fup- 
pofed, they had not heard of. I leave it to 
farther enquiry, whether, in a body fo full of 
fpirits, as muftard-feed, the action or re-action 
of the parts among themfelves, perhaps pro- 
moted by juft degrees of fire, might not fuf- 
fice to make in them a change equivalent in 
order to volatilization, and the yielding a vo- 
latile falt, to that, which we have obferved fer- 
mentation and -putrefaction to have made in 
the juice of grapes, urine, and fome other bo- 
dies. How far the like fuccefs may be ex- 
pected in other trials, I cannot tell; efpecially, 
not having by me any notes of the events of 
fome attempts, which that enquiry put me up- 
on: only, I remember in general, that, as 
fome trials, J made with other feeds, and even 
with aromatic ones, did not afford me any vo- 
latile falt ; fo the fuccefs of other trials made 
me now and then think, that fome fubjects of 
the vegetable kingdom, whence we are wont 
to drive over acid fpirits, but no dry falt, may 
be diftilled with fo luckily regulated a heat, as 
to afford fomething, though but little, of vo- 
latile falc; and,that perhaps more bodies would 
be found to do fo, were they not too hattily or 
violently preffed by the fire, whereby fuch fa- 
line fchematifms of the defired parts of the 
matter are (by being diffipated or confounded) 
deftroyed or vitiated, as in a flow, dextrous, 
or fortunate way of management would come 
forth, not in a liquid, but a faline form. Of 
which obfervation, we may elfewhere mention 
fome inftances, and fhall, before the clofe of 
this paper, name one, afforded us by crude 
tartar. 

3. THoucu filver be one of the fixedetft 
bodies, that We know of, yet, that it is not im- 
poffible, but that, chiefly by a change of tex- 
ture, it may ftrangely be difpofed to volatility, 
I was induced to think, by what I remember 
once happened tome. A gentleman of my 
acquaintance, ftudious of chemical arcana, hav- 
ing lighted on a {trange menftruum, which he 
affirmed, and I had fome caufe to believe, 
-not to be corrofive, he abftracted it from fe- 
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veral metals, (for the fame liquor would ferve 
again and again,) and brought me the remain- 
ders, with a defire, that I would endeavour to 
reduce thofe of lead and filver into the priftine 
metals again, which he had, in vain, attempted 
to do: whereupon, though I found the white 
calx of lead reducible, yet, when I came to the 
calx of filver, I was not able to bring it into a 
body; and having, at length, melted fome 
lead in a gentle fire, to try whether I could 
make it {wallow up the calx, in order to a far- 
ther operation, I was nota little furprized to 
find, that this mild heat made the calx of filver 
prefently fly away, and fublime in the form of 
a farina volatilis, which whitened the neigh- 
bouring part of the chimney, as well as the 
upper part of the crucible. | 
4. From that, which chemifts themfelves tell 
us, I think we may draw a good argument ad 
hominem, to prove, that volatility depends much 
upon the texture, and other mechanical affec- 
tions of abody. For divers of thofe Hermetick 
philofophers (as they are called) that write of 
the elixir, tell us, that when their philofophick 
mercury or grand folvent, being fealed up to- 
gether with a third or fourth part of gold ina 
glafs egg, is kept in convenient degrees of fire, 
the whole matter, and confequently the gold, 
will, by the mutual operation of the included 
fubftances, be fo changed, that not only it will 
circulate up and down in the glaf, but, in cafe 
the digeftion or decoction fhould be broken off 
at a certain inconvenient time, the gold would 
be quite fpoiled, being, by the paft and un- 
timely ended operation, made too volatile to 
be reducible again into gold: whereas, if the 
decoction be duly continued unto theend, not 
only the gold, but all the philofophical mer- 
cury or menftruum will be turned into a ful- 
phur, or powder of a wonderfully fixed na- 
ture. I know, there are feveral Chryfopzans, 
that {peak much otherwife of this operation, 
and tellus, that the gold employed about it 
muft be philofophic gold: but I know too, 
that there are divers others; (and thofe too 
none of the leaft candid or rational,) that {peak 
of it, as I have done; and that is fufficient to 
ground an argument on towards all thofe, that 
embrace their doctrine. And, in this cafe, itis 
confiderable, that it is not by any fuperadded ad- 
ditament, that the moft fixed body of gold is 
made volatile, but the fame maffy matter, confift- 
ing of gold and philofophic mercury, is, by the 
change of texture produced, or occafioned by the 
various degrees and operations of fire upon it, 
brought to be firft volatile; and then extreamly 
fixed. And having faid this, in reference to 
one tribe of the modern Spagyrifts, to another 
of them, the Helmontians, I think, I can offer 
a good argument ad hominem from the tefti- 
mony and-experiments of the founder of their 
fect, | 
5. Tue acute He/mont, among other pro- 
digious powers, that he afcribes to the alkaheft, 
affirms, that, by abftracting it frequently e- 
nough, it would fo change all tangible bodies, 
and confequently ftones and metals, that they 
might be diftilled over into liquors equiponde- 
rant te. the refpective bodies, that afforded 
78 them, 
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them, and having all the qualities of rain wa- 
ter; which if they have, I need not tell you, 
that they muft be very volatile. And I fee not 
how thefe, that admit the truth of this ftrange 
allxaheftical operation, can well deny, that vo- 
latility depends upon the mechanical affections 
of matter, fince it appears not, that the alka- 
heft does, at leaft in our cafe, work upon bo- 
dies otherwife than mechanically. And it muft 
be confeffed, that the fame material parts of a 
portion of a corporeal fubftance, which, when 
they were affociated and contexed (whether by 
an archeus, feed, form, or what elfe you pleafe,) 
after fuch a determinate manner, conftituted a 
folid and fixed body, as a flint or a lump of 
gold; by having their texture diffolved, and 
(perhaps after being fubtilized) by being freed 
from their former implications, or firm cohe- 
fions, may become the parts of a fluid body 
totally volatile. 


CHAP. Vv. 


HE fourth means of making a body vo- 
latile is, by affociating the particles to 
be raifed with fuch as are more volatile than 
themfelves, and of a figure fit to be faftened to 
them, or are at leaft apt, by being added to 
them, to make up, with them, corpufcles more 
difpofed than they to volatility. This being 
the grand inftrument of volatilization, I fhall 
fpend fomewhat the more time about it. But 
I thall firft here a little explain the laft claufe, 
(that I may not be obliged to refume it elfe- 
where) by intimating, that it is not impoffible, 
that the particles of an additament, though not 
more volatile than thofe of the body it is mixed 
with, and perhaps, though not volatile at all, 
will yet conduce to volatilize the body where- 
with it is mingled. For the particles of the 
additament may be of fuch figures, and fo af- 
fociated with thofe of the body to be elevated, 
as in this to enlarge the former pores, or pro- 
duce new ones, by intercepting little cavities 
(for they muft not be great ones) between the 
particles of a body to be raifed, and thofe of 
the additament. For, by thefe and other fuch 
ways of affociation, the corpufcles, refulting 
from the combination or coalition of two or 
more of thefe differing particles, may, without 
becoming too big and unweildy, become more 
conveniently fhaped, or more light in propor- 
tion to their bulk, and fo more eafily buoyed 
up and fuftained in the air, (as when the lid of 
a copper box being put on, makes the whole 
box emerge and {wim in water, becaufe of the 
intercepted cavity, though neither of the parts 
of the box would do fo,) or otherwife more 
fitted for avolation than the particles them- 
felves were, before their being joined to thofe 
of the additament. 

By two things, chiefly, the corpufcles of the 
additament may contribute to the elevation of 
abody. For, firft, the parts of the former 
may be much more difpofed for avolation than 
is neceflary to their own volatility. As when 
in the making cf fal armoniac, the faline par- 
ticles of urine and cf foot, are more fugitive 
than they ne.d be, to be themfelves fublimed, 
and thereby are advantaged to carry up with 
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them the more fluggifh corpufcles, whereof 
fea falt confifts. And next, they may be of 
figures fo proper to faften them well to the bo- 
dy to be elevated, that the more fugitive will 
not be driven away, or disjoined from the more 
fixed by fuch a degree of heat as is fufficient to 
raife them both together: to which effeét the 
congruity, or figuration, is as well required, as 
the lightnefs or volatility of the particles of the 
additament. And therefore fome of the fugi- 
tiveft bodies, that we know, as fpirit of wine, 
camphire, &c. will not volatilize many bodies, 
which will be elevated by far lefs fugitive ad- 
ditaments ; becaufe the corpufcles of fpirit of 
wine ftick not to thofe of the body they are 
mingled with, but, eafily flying up themfelves, 
leave thofe behind them, which they did rather 
barely touch, than firmly adhere to: whereas 
far lefs fugacious liquors, if they be endowed 
with figures, that fit them for a competently 
firm cohefion with the body they are mingled 
with, will be able to volatilize it. Of which I 
fhall now give you fome inftances in bodies, 
that are very ponderous, or very fixed, or both. 

Anp I fhall begin with colcothar, though 
it being a vitriolate calx, made by a lafting and 
vehement fire, it is (confequently) capable of 
refifting fuch a one. This being exquifitely 
eround with an equal weight of fal armoniac, 
which is itfelf a falt, but moderately volatile, 
will be in good part fublimed into thofe yellow 
flowers, which we have elfewhere more parti- 
cularly taught to prepare, under the name of 
ens primum veneris ; in which, that many vi- 
triolate corpufcles of the colcothar are really 
elevated, you may eafily find, by putting a 
crain or two of that reddifh fubftance into a 
ftrong infufion of galls, which will thereby im- 
mediately acquire an inky colour. 

STEEL alfo, which, to deferve that name, 
muft have endured extraordinary violences of 
the fire, and greater than is needful to obtain 
other metals from their mother earth; fteel it- 
felf, I fay, being reduced to filings, and dili- 
gently ground with about an equal weight of 
{al armoniac, will, if degrees of fire be fkilfully 
adminiftred, (for it is eafy to err in that point,) 
without any previous calcination or reduction 
to a crocus, fuffer fo much of the metal to be 
carried up, as will give the fal armoniac a no- 
table colour, and an ironith tafte. 

AND here it will be proper to obferve, for 
the fake of practical chemifts, that the quantity 
or proportion of the volatile additament is to 
be regarded ; though not fo much as its nature, 
yet more than itis wont tobe: anddivers bodies, 
that are thought either altogether unfit for fubli- 
mation, or,at leaft, uncapable to have any confi- 
derable portion of them elevated, may be co- 
pioufly enough fublimed, if a greater propor- 
tion of the additament, than we ufually content 
our felves with, be fkilfully employed. And 
in the newly-mentioned inftance of filings of 
fteel, if, inftead of an equal weight of fal ar- 
moniac, the treble weight be taken, and the 
operation be duly managed, a far greater quan- 
tity of the metal may be raifed, efpecially if 
frefh fal armoniac be carefully ground with the 
caput mortuum, And fal armoniac may, per- 
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haps, be compounded with fuch other bodies, 
heavier than itfelf, as may qualify it, when 
it is thus clogged, to elevate fome congruous 
bodies better than it would of itfelf alone. 
And ¥ fhall venture to add this farther adver- 
tifement, that if, befides the plenty of the 
additament, there be a fufficient fitnefs of its 
particles to lay hold on thofe of the body to 
be wrought on, mineral bodies, and thofe ponde- 
rous enough, may be employed to volatilize 
other heavy bodies. And I am apt to think, 
that almoft, if not more than almoft, all me- 
tals themfelves may by copious additaments 
and frequent cohobations be brought to pafs 
through the neck of the retort in diftillation ; 
and perhaps, if you melt them not with equal 
parts, but with many parts of regulus of an- 
timony, and then proceed as the hints now 
given will direét you, you will not find caufe 
to defpife what I have been faying. 

You know what endeavours have been, and 
are ftill fruitlefsly employed by chemifts to 
elevate fo fixed a body, as falt of tartar, by ad- 
ditaments. I fhall not now {peak much of the 
enterprize in general, defigning chiefly to tell 
you on this occafion, that, whereas frequent 
experience fhews, that fal armoniac being ab- 
{tracted from falt of tartar, not only the falt 
ef tartar is left at the bottom, but a good 
part of the fal armoniac is left behind with it: 
I fufpected the caufe might be, that fal armo- 
niac, by the operation of the alkali of tartar, 
is reduced into fea-falt, and urinous or fuligi- 
nous falt, as it was at firft compofed of thofe 
differing ingredients; and that by this means 
the volatile {alt being loofened or difintangled 
from the reft, and being of a very fugacious 
nature, flies eafily away itfelf, without ftaying 
Jong enough to take up any other falt with it. 
And therefore, if this analyfis of the fal armo- 
niac could be prevented, it feemed not impoi- 
fible to me, that fome part of the falt of tar- 
tar, as well as of colcothar and fteel, might be 
carried up by it: and accordingly having 
caufed the ingredients to be exceedingly well 
dried, and both nimbly and carefully mixed, 
and fpeedily expofed to the fire, I have fome- 
times had a portion of falt of tartar carried 
up with the fal armoniac: but this happened 
fo very rarely, that I fufpected fome peculiar 
fitnefs for this work in fome parcels of fal ar- 
moniac, that are fcarce but by the effect to be 
difcerned from others. But however, what 
has happened to us may argue the poffibility 
of the thing, and may ferve to fhew the vo- 
Jatilizing efficacy of fal armoniac; which is a 
compound, that I elfewhere recommend, and 
do it now again, as one of the ufefulleft pro- 
ductions of vulgar chemiftry. 

Anp fince I have mentioned the volatiliza- 
tion of falt of tartar, prefuming your curiofity 
will make you defire my opinion about the 
poffibiliry of it, I fhall propofe to you a dif- 


tinction, that perhaps you do not expect, by * 


faying, that I think there is a great deal of 
difference between the making a volatile falt 
of tartar, and the making falt of tartar vola- 
tile. For though this feem to be but a nicety, 


yet really it is none; and it is very poffible, 
that a man may from tartar obtain a volatile 
falt, and yet be no wife able to volatilize that 
tartareous falt, that has been once by the inci- 
neration of the tartar brought to fixed alkali. 
I have in the Sceptical Chemift fummarily de- 
livered a way, by which both I, and fome 
Spagyrifts, that learned it of me; obtained 
from a mixture of antimony, nitre and crude 
tartar, a volatile falt, which in probability 
comes from the laft named of thofe three bo- 
dies ; but experience carefully made has af- 
fured me, that without any additament, by a 
diftillation warily and very flowly made, (in- 
fomuch that I have fpent near a week in diftil- 
ling one pound of matter) very clean tartar, 
or at leaft the cryftals of tartar, may, in con- 
veniently fhaped veffels, be brought to afford 
a fubftance, that in rectification will afcend to 
the upper part of the veffel, in the form of a 
volatile falt, as if it were of urine or of hart’s- 
horn; of which tartareous falt, I keep fome 
by me: but this operation requires not only 
a dexterous, but a patient diftiller. — 

Bur now as to the making a fixed alkali of 
tartar become volatile, I take it to be another, 
and have found it to be a far more difficult, 
work ; the cammon proceffes of performing 
it being wont to promife much more than 
they can make good ; which I may juftly fay 
of fome other, that private men have vaunted 
for great arcana, but upon trial have fatisfied 
me fo little, that I have divers times offered 
pretenders to make falt of tartar volatile, that 
without at all inquiring into their proceffes, I 
would lay good wagers, that they could do 
what they pretended ; not only as divers phi- 
lofophical Spagyrifts require, without any vi- 
fible additament, but by any additament what- 
ever; provided I were allowed to bring the 
falt of tartar myfelf, and to examine the fuc- 
cefs, not by what may appear in the alembic and 
receiver, but by the weight of what would re- 
main in the bottom. For I have convinced 
fome of the more ingenuous artifts, that the 
falt, that fublimed, was notindeed the alkali of 
tartar, but fomewhat, that was by the opera- 
tion produced, or rather extricated out of the 
additaments. But yet I would not be thoughre 
to affirm, that it is not poffible to elevate the 
fixed falt of tartar, For fometimes I have 
been able to do it, even at the firft diftillation 
by an artificial additament perhaps more fixed 
than itfelf; but, though the operation was ve- 
ry grateful to me, as it fhewed the poffibility 


of the thing, yet the paucity of the falt fub- 


limed and other circumftances, kept me from 
much valuing it upon any other account. And 
there are other ways, whereby experience has 
affured me, that falt of tartar may be raifed, 
And if one of them were not fo uncertain, that 
I can never promife before hand; that it will 
at all fucceed, and the other fo laborious, dif- 
ficult and coftly,; that few would attempt or 
be able to prattice it, I fhould think them very 
valuable things; fince by the former way 
moft part of the falt of tartar was quickly 


brought over in the form of a liquor, whofe 
peircing 
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piercing fmell was fcarce tolerable ; and by the 
Jatter way fome falt of tartar of my own, be- 
ing put into aretort, and urged but with fuch 
a fire as could be given in a portable fand- 
furnace, there remained not at the bottom 
near one half of the frft weight, the addita- 
ment having carried up the reft, partly in the 
form of a liquor, but chiefly in that of a white 
fublimate, which was neither ill-fcented, nor 
in tafte corrofive, or alkalizate, but very mild, 
and fomewhat {weetifh. And I do not much 
doubt, but that by other ways the fixed alkali 
of tartar may be elevated, efpecially if, before 
it be expofed to the laft operation of the fire, 
it be dexteroufly freed from the moft of thofe 
earthy and vifcuous parts, that I think may 
be juftly fufpected to clog and bind the truly 
faline ones. 

But I have too long digreffed, and there- 
fore fhall intimate only upon the by, that even 
the fpurious fal tartari volatilized, that is made 
with fpirit of vinegar, may, if it be well pre- 
pared, make amends for its empyreumatical 
finell and tafte, and may, notwithftanding 
them, in divers cafes be of no defpicable ufe, 
both as a medicine, and a menftruum., 


CHAP. VI. 


EFORE I draw towards a conclufion of 

thefe notes about volatility, perhaps it 
will not be amifs, to take notice of a phzeno- 
menon, which may much furprize, and fome- 
times difappoint thofe, that dealin fublimations, 
unlefs they be forewarned of it. For though 
it be taken for granted, and for the moft part 
may juftly be fo, that by carefully mingling 
what is fublimed with what remains, and re- 
fubliming the mixture, a greater quantity of 
the body to be fublimed may be elevated the 
fecond time than was the firft, and the third 
time than the fecond, and fo onwards; yet I 
have not found this rule always to hold, but in 
fome bodies, as particularly in fome kinds of 
dulcified colcothar, the fal armoniac, would at 
the firft fublimation carry up more of the fixed 
powder, than at the fecond or third. So that 
{ was by feveral trials perfuaded, when I found 
avery well and highly coloured powder ele- 
vated, to lay it by for ufe, and thereby fave 
my felf the labour of a profecution, that would 
not only have proved ufelefs, but prejudicial. 
And if I mifremember not, by often repeated 
cohobations, if I may fo call them, of fal ar- 
Moniac upon crude or mineral antimony, 
though the fublimate, that was obtained by 
the firft operation, was much of it varioufly, 
and in fome places richly coloured; yet af- 
terwards, the falt afcended froni time to time 
paler and paler, leaving the antimony behind 
it. Which way of making fome minerals 
more fixed and fufible I conceive may be of 
great ufe in fome medicinal preparations, 
though I think it not fit to particularize them 
in this place: where my chief intent was, to 
mention the phznomenon itfelf, and invite 
you to confider, whether ir may be afcribed to 
this, that by the reiterated action of the fire, 
and grinding together of the body to be raifed, 
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either the corpufcles of the fal armoniac; ot 
thofe of the other body, may have thofe little 
hooked or equivalent particles, whercby they’ 
take hold of one another, broken or worn off ¥ 
and whether the indifpofednefs of the colco- 
tharine or antimonial parts to afeend, may not 
in fome cafes be promoted by their having, by 
frequent attritions, fo fmoothed their furfaces, 
that divers of them may clofely adhere, like 
pieces of polifhed glafs, and fo make up cluf- 
ters too unweildy to be fo raifed, as the fingle 
corpufcles they confift of; were. Which change 
may difpofe them to be at once lefg volatile and 
more fufible. Which conjectures I mention 
to excite you to frame better, or at leaft to 
make amends for my omiffion of examining 
thefe, byj trying whether the fal armoniac, 
grown white again, will be as fit as it was at 
firft to carry up frefh bodies; and alfo by ob- 
ferving the weight of the unelevated part, and 
employing thofe other ways of examen, which 
I fhould have done, if I had not then made 
fublimations for another end, than to clear up 
the doctrine of volatility. 

AN p here it may be profitable to fome che- 
mifts, though not neceflary to my fubject, to 
intimate, that {ublimations may be ufeful to 
make very fine comminutions of divers bodies. 
That thofe, that are elevated are reduced to a 
great finenefs of parts, is obvious tobe obferved 
in many examples, whence it has been ancient 
ly, not abfurdly, faid, that fublimations are 
the chemifts peftles, fince (as in flowers of ful- 
phur and antimony) they do really refolve the 
elevated bodies into exceeding fine flower, and 
much finer than peftles and mortars are wont 
to bring themto. But that, which I intend in 
this paragraph, is not a thing fo obvious, fince 
itis to obferve, that fometimes even bodies 
fo fixed, as not at all to afcend in fublimation, 
may yet be reduced by that operation into 
powders extremely fine. For exemplifying of 
which, I fhall put you in mind, that though 
Spagyrifts complain much of the difficulty of 
making a good calx of gold, and of the im- 
perfection of the few ordinary proceffes pre- 
{cribed to make it, (which would be more 
complained of, but that chemical phyficians 
feldom attempt to prepare it,) yet we are in- 
formed by trial, that by exactly grinding a 
thick amalgam of gold and mercury with a 
competent weight, (at leaft equal to its own) 
of finely powdered fulphur, we may, by put- 
ting the mixture to fublime in a conveniently 
fhaped glafs, by degrees of fire obtain a cina- 
ber, that will leave behind it a finer calx of 
gold, than will be had by fome far more diffi- 
cult procefies. 

Bu? it is now time to draw towards a con- 
clufion of our notes about volatility ; which 
quality depends fo much upon the contexture 
of the corpufcles, that are to be raifed toge- 
ther, that even very ponderous bodies may 


* ferve for volatilizing additaments, if they be 


difpofed to faften themfelves fufficiently to the 
bodies they are to carry up along with them. 
For, though lead be, fave one, the heavieft 
folid we know of, and though quick-filver be 
the heavieft body in the world, except gold; 
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yet trials have affured us, that quick-filver it- 
felf being united by amalgamation with a {mall 
proportion of lead, will, by a fire, that is none 
of the violenteft, and in clofe veffels, be made 
to carry over with it fome of the lead. As we 
clearly found by the increafed weight of the 
quick-filver, that paffed into the receiver; which, 
by the way, may make us cautious, how we 
conclude quick-filver to be pure, merely from 
its having been diftilled over. 

THERE remains but one body more heavy 
than thofe I come from naming, and that is 
gold ; which, being alfo of a fixity fo great, 
that it is indeed admirable, I do not wonder, 
that, not only the more wary naturalifts, but 
the more fevere among the chemifts themfelves, 
fhould think it incapable of being volatilized. 
But yet, if we confider, how very minute parts 
gold may be rationally fuppofed to confift of, 
and to be divifible into, methinks it fhould not 
feem impoffible, that, if men could light on 
volatile falts endowed with figures fit to ftick 
faft to the corpufcles of the gold, they would 
carry up with them bodies, whole folidity can 
fcarce be more extraordinary, than their mi- 
nutenefs is: and, in effect, we have made more 
than one menftruum, with which fome par- 
ticles of gold may be carried up. But when 
I employed that, which I recommended to you 
formerly, under the name of menfiruum peracu- 
tum, (which confifts mainly, and fometimes 
only of fpirit of nitre, feveral times drawn 
from butter of antimony,) I was able, without 
a very violent fire, in a few hours, to elevate 
fo much crude gold, as, in the neck of the re- 
tort, afforded me a confiderable quantity of 
fublimate, which I have had red as blood, and 
whofe confifting partly of gold, manifeftly ap- 
peared by this, that I was able, with eafe, to 
reduce that metal out of it. 

In reckoning up the inftrumients of volati-. 
lization, wé muft not quite leave out the men- 
tion of the air, which I have often obferved 
to facilitate the elevation of fome bodies, even 
in clofe veffels; wherein, though to fill therm 
too full be judged, by many, a compendious 
practice, becaufe the fteams have a lefs way to 
afcend, yet experience has feveral times in- 
formed me, that, at leaft in fome cafes, they 
take wrong meafures, and that (to pafs by an- 
other caufe .of their difappointment) a large 
proportion of air, purpofely left in the veffels, 
may more than compenfate the greater {pace, 
that is to be afcended by the vapours or exha- 
Jations of the matter, that is to be diftilled or 
fublimed. And if, in clofe veffels, the prefence 
of the air may promote the afcenfion of bo- 
dies, it may well be expected, that the eleva- 
tion of divers of them may be furthered, by 
being attempted in open veffels, to which the 
air has free accefs. And if we may give any 
credit to the probable relations of fome che- 
mifts, the air does much contribute to the vo- 
Jatilization of fome bodies, that are barely, 
though indeed for no fhort time, expofed to 
it. But the account, on which the air, by its 
bate preferice, or peculiar operations, conduces 
to the volatilization of fome bodies, is a thing 
very diffcule to be determined, without hav« 
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ing recourfe to fome notions about gravity and 
levity, and of the conftitution of the corpufcles, 
that compofe the air; which I take to be both 
very numerous, and no lefs various. And 
therefore I muft not, in thefe occafional notes; 
Jaunch out into fuch a fubjeét, though, for fear 
I fhould be blamed for too much flighting my 
old acquaintance the air, I durft not quite omit 
the power it has to difpofe fome bodies to vo- 
latility. -_ : 
A moderate attention may fuffice, to make 
it be difcerned, that, in what hath been hither- 
to delivered, I have, for the moft part, con- 
fidered the {mall portions of matter, to be ele- 
vated in volatilization, as entire corpufcles : 
and therefore it may be now pertinent, to in- 
timate in a line or two, that there may be alfo 
cafes, wherein a kind of volatilization, impro- 
perly fo called, may be affected, by making 
ufe of fuch additaments, as break off, or other- 
wife divide the particles of the corpufcles to be 
elevated, and by adhering to, and fo clogging 
one of the particles, to which it proves more 
congruous, enable the other, which is now 
brought to be more light, or difengaged, to 
afcend. This may be illuftrated by what hap- 
pens, when fal armoniac is well ground with 
lapis calaminaris, or with fome fixed alkali, and 
then committed to diftillation : for the fea-falt, 
that enters the compofition of the fal armoniac; 
being detained by the ftone or the alkali, there 
is a divorce made between the common fale 
and the urinous and fuliginous falts, that were 
incorporated with it, being now difengaged 
from it, are eafily elevated. I elfewhere men- 
tion, that I have obferved, in man’s urine, a 
kind of native fal armoniac, much lefs volatile 
than the fugitive, that is fublimed from man’s 
blood, hartfhorn, &c. and therefore fuppofing; 
that a feparation of parts may be made by an 
alkali, as well in this falt, as in the common 
factitious fal armoniac, I put to frefh urine a 
convenient proportion (which was a plentiful 
one) of falt of pot-afhes, (that being then at 
hand,) and diftilling the liquor, it yielded, ac- 
cording to expectation, a fpirit more volatile 
than the phlegm, and of a very piercing tafte ; 
which way of obtaining a fpirit without any 
violence of fire, and without either previoufly 
abftracting the phlegm, (as we are fain to do 
in frefh urine) or tedioufly waiting for the fer- 
mentation of ftale urine, I taught fome che- 
mifts, becaufe of the ufefulnefs of fpirit of 
urine ; which being obtained this innocent way; 
would probably be employed with much lefs 
fufpicion of corrofivenefs, than if in the ope- 
ration I had made ufe of quick-lime. Ano- 
ther illuftration of what I was not long fince 
faying,; may be fetched from the experiment 
of making {pirit of nitre, by mixing falt-petre 
with oul of vitriol, and diftilling them together : 
for the oil does fo divide or break the corpufcles 
of the nitre, that the now difpofed particles of 
that fal, which amount to a great portion of 
the whole, wil] be made eafily enough to afcend, 
even with a moderate fire of fand, and fome- 
times without any fire’ at all, in the form of 


-fpirits, exceeding unquiet, fubtle, and apt to 


{moke away. 
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To which inftances of this imperfect kind of 
volatilization mere might be added, but that 
you may well think, I have detained you but 
too long already with indigefted notes about 
one quality. 


CHAP. VIL 


HE laft means of volatilizing bodies is, 

the operation of the fire or fome other 
actual heat: but of this, which 1s obvious, it 
would be fuperfluous to difcourfe. Only this I 
fhall intimate, that there may be bodies, which, 
in fuch degrees of fire, as are wont to be given 
in the vulgar operations of chemifts, will not 
be elevated, which yet may be forced up by 
fuch violent and lafting fires, as are employ- 
ed by the melters of ores, and founders of 
guns, and fometimes by glafs-makers. And, on 
this confideration, I fhall here obferve to you, 
fince I did not do it at my entrance on thefe 
notes, that chemifts are wont to fpeak, and J 
have accordingly been led to treat of volatility 
and fixity, in a popular fenfe of thofe terms. 
For, if we would confider the matzer more 
ftrictly, I prefume we fhould find, that vo- 
Jatility and fixity are but relative qualities, 
which are to be eftimated, efpecially the for- 
mer of them, by the degree of fire, to which 
the body, whereto we afcribe one or other of 
thofe qualities, is expofed, and therefore it is 
much more difficult, than men are aware of, 
to determine accurately, when a body ought to 
be accounted volatile, and when not; fince 
there is no determinate degree of heat agreed 
on, nor indeed eafy to be devifed, that may 
be as a ftandard, whereby to meafure volatility 
and fixednefs: and it is obvious, that a body, 
that remains fixed in onc degree of fire, may 
be forced up by another. To which may be 
added, agreeably to what I lately began to ob- 
ferve, that a body may pafs for abfolutely fix- 
ed among the generality of chemifts, and yet 
be unable to perfevere in the fires of founders 
and glafs-makers: which brings into my mind, 
that not having obferved, that chemifts have 
examined the fixity of other bodies, than me- 
talline ones, by the cupel, I had the curiofity 
to put dry falt of tartar upon it, and found, a; 
I expected, that, in no long time, 1t manifeftly 
wafted in fo vehement a heat, wherein alfo the 
air came fregly at it, (though quick-lime, 
handled after the fame way, loft not of its 
weighe ; and having well mixed one ounce of 
good falt of tartar with treble its weight of 
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tobacco-pipe clay, we kept them but for two,’ 
or, at moft, three hours, in a ftrong fire; yet, 
the crucible being purpofely left uncovered, we 
found the falt of tartar fo wafted, that the re- 
maining mixture (which was not fluxed) af- 
forded us not near a quarter of an ounce of fale. 
And indeed I fcarce doubt, but that in ftrict- 
nefs divers of thofe bodies, that pafs for abfo- 
lutely fixed, are but femi-fixed, or, at icaft, 
but comparatively and relatively fixed, that is, 
in reference to fuch degrees of fire, as they 
are wont to be expofed to in diftillations, fub- 
limations, &c. of chemifts; not fuch as are 
given in the raging fires of founders and glafs- 
makers. And perhaps, even the fires of glafs- 
makers, and fay-mafters themfelves, are not the 
moft intenfe, that may poflibly be made ina 
fhort time, provided there be but {mall por- 
tions of matter to be wrought on by them. 
And, in effect, 1 know very few bodies, te- 
fides gold, that will perfevere totally fixed in 
the vehementeft degrees of fire, that trials have 
made me acquainted with. And I elfewhere 
tell you, that, though tin, in our chemical re- 
verberatories themielves, is wont to be redu- 
ced but into a calx, that is reputed very fixed ; 
yet in thofe intenfe fires, that a virtuofo of my 
acquaintance ufes in his tin-mines, there is not 
feldom found quantities of tin carried up to a 
notable height in the form of a whitifh pow- 
der, which, being in good mafies, forced off 
from the places to which it had faftened itlelf, 
does, by a fkiiful reduction, yield many a pound 
weight of good malleable metal, which feemed 
to me to be rather more, than lefs, fine than or- 
dinary tin. 


POSTSCRIPT, 


Relating to page 612, and here annexed for 
their fakes, who have a mind to repeat the 
experiment there delivered, that fo they may 
know the quantities employed in it. 


ITH two parts of this crocus, we 
sround very well three parts of {al ar- 
moniac, and having fublimed them in a ftrong 
fire, we took off the high coloured fublimate, 
and put in either an equal weight, or a weight 
exceeding it by half, to the caput mortuum, 
we found, after the fecond fublimation, which 
was alfo high coloured, that, of an ounce of 
crocus, we had raifed fix drams, that 1s, three 
quarters of the whole weight. 
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CHAP. I. 


| ores being the oppofite quality to 


volatility, what we have difcourfed a- 

bout the latter, will make the nature of 
the former more eafily underftood, and upon 
that account allow me to make fomewhat the 
quicker difpatch of what I have to fay of it. 

THE qualifications, that conduce moft to 
the fixity of a portion of matter, feem to be 
thefe. 

First, the groffnefs, or the bulk of the 
corpuicles it confifts of. For, if thefe be too 
big, they will be too unweildy, and unapt to be 
carried up into the air by the action of fuch 
minute particles as thofe of the fire, and will 
alfo be unfit to be buoyed up by the weight of 
the air; as we fee, that vapours, whilft they 
are fuch, are {mall enough to fwim in the air, 
but can no longer be fuftained by it, when 
they convene into drops of rain, or flakes of 
fnMow. But here it is to be obferved, that, 
when I fpeak of the corpufcles, that a fixed 
body confifts of, I mean not either its elemen- 
tary or its hypoftatical principles, as fuch, but 
only thofe very little maffes or clufters of par- 
ticles, of what kind foever they be, that ftick 
fo firmly to one another, as not to be divifible 
and diffipable by that degree of fire, in which 
the body is faid to be fixed; fo that each of 
thofe little concretions, though it may itfelf be 
made up of two, three, or more particles of a 
fimpler nature, is confidered here per modum 
unius, Of as one entire corpufcle. And this is 


one qualification conducive to the fixednefs of 


a body. 

THE next is the ponderoufnefs, or folidity 
of the corpufcles it is made up of. For if thefe 
be very folid, and (which folid and compact 
bodies ufually are) of a confiderable ipecifick 
gravity, they will be too heavy to be carried 
up by the effluvia or the action of the fire, and 
their ponderoufnefs will make them as unweildy, 
and indifpofed to be elevated by fuch agents, 
as the groffnefs of their bulk would make big- 
ger corpuicles, but of a proportionably infe- 
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fior fpecifie weight. On which account, the 
calces of fome metals and minerals, as gold, 
filver, &c. though, by the operation of {ol- 
vents, or of the fire, or of both, reduced to 
powders exceedingly fubtile, will refift fuch 
vehement fires, as will eafily drive up bigger, 
but lefs heavy and compact corpufcles, than 
thofe calces confift of. 

Tue third qualification, that conduces to 
the fixity of a body, belongs to its integral 
parts, not barely as they are feveral parts of 
it, but as they are aggregated or contexed in- 
to one body. For, the qualification, I mean, 
is the ineptitude of the component corpufcles 
for avolation, by reafon of their branchednefs, 
irregular figures, crookednefs, or other incon- 
venient fhape, which entangles the particles 
among one another, and makes them difficult 
to be extracted; by which means, if one of 
them do afcend, others, wherewith it is com- 
plicated, muft afcend with it; and, whatever 
be the account, on which divers particles ftick 
firmly together, the aggregate will be too 
heavy or unweildy to be raifed. Which I 
therefore take notice of, becaufe that, though 
ufually it is on the roughnefs and irregularity 
of corpufcles, that their cohefion depends; yet 
it fometimes happens, that the fmoothnefs and 
flatnefs of their furfaces makes them fo ftick 
together, as to refift a total divulfion ; as may 
be illuftrated by what I have faid of the cohe- 
fion of polifhed marbles, and the plates of 
glafs, and by the fixity of glafs itfelf in the 
fire. | 

From this account of the caufes or requi- 
fites of fixity, may be deduced the following 
means of giving or adding fixation to a body, 
that was before either volatile, or lefs fixed. 
Thefe means may be reduced to two general 
heads ; firft, the action of the fire, as the parts 
of the body, expofed to it are thereby made 
to operate varioufly on one another. And 
next, the affociation of the particles of a volatile 
body with thofe of fome proper additament : 
which term [of proper] I rather employ than 
that, one would expect [of fixed;]} becaufe i 
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will ere long appear, that, in certain cafes, 
fome volatile bodies may more conduce to the 
fixation of other volatile Bodies, than fome 
fixed ones do. But thefe two inftruments of 
fixation being but general, I fhall propofe four 
or five more particular ones. 
CHAP. I. 

"A ND Afrft, in fome cafes it may conduce to 

fixation, that, either by an additament, 
or by the operation of the fire, the paris of a 
body be brought to touch each other in large 
portions of their furfaces. For, that from fuch 
a contaét, there will follow fuch a mutual cohe- 
fion, as will, at leaft, indifpofe the touching 
corpufcles to fuffer a total divulfion, may ap- 
pear probable from what we lately noted of the 
cohefion of pieces of marble and glafs, and from 
fome other phenomena belonging to the hiftory 
of firmnefs, from which we may properly e- 
nough borrow fome inftances, at leaft, for il- 
luftration, in the doétrine of fixednefs, in re- 
gard, that ufually, though not always, the fame 
things, that make a body firm, give it fome 
degree of fixity, by keeping it from being dif- 
fipated by the wonted degrees of heat, and 
agitation it meets with in the air. But, to re- 
turn to the contact we were fpeaking of, 1 
think it not impoffible, (though you may per- 
haps think it ftrange) that the bare operation 
of the fire may, in fome cafes, procure a co- 
hefion among the particles, (and confequently 
make them more fixed) as well as in others 
disjoin them, and thereby make them more 
volatile. For, as in fome bodies, the figures 
and fizes of the corpufcles may be fuch, that 
the action of the fire may rub or tear off the 
little beards or hooks, or other particles, that 
entangle them, and by that means make it 
more eafy for the corpufcles to be difengaged 
and fly upwards ; fo, in other bodies, the fize 
and fhape of the corpufcles may be fuch, that 
the agitation, caufed by the fire, may rub them 
one againft the other, fo as by. mutual attrition 
to grind, as it were, their furfaces, and make 
them fo broad and f{mooth, if not alfo fo flat, 
as that the contact of the corpufcles fhall come 
to be made according to a large portion of their 
fuperficies, from whence will naturally follow a 
firm cohefion. Which I fhall illuftrate by what 
we may obferve among thofe, that grind glafies 
for telefcopes and mifcrofcopes. For, thefe ar- 
tificers, by long rubbing a piece of glafs againft 
a metalline difh, or concave veflel, do, by this 
attrition, at length bring the two bodies to 
touch one another in fo many parts of their 
congruous furfaces, that they will ftick firmly 
to one another, fo as fometimes to oblige the 
workman to ufe violence to disjoin them. And 
this inftance (which 1s not the fole I could al- 
ledge) may fuffice to fhew, how a cohefion of 
corpuicles may be produced by the mutual 
adaptation of their congruous furfaces. And 
if two Srofter corpufcles, or a greater number 
of imaller, be thus brought to ftick together, 
you will cafily belicve, their aggregate will 
prove too heavy cr unwicldy for avolation. 


And to thew, that the fire may affect a levi- 
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gation in the furfaces of fome corpufcles, I 
have fometimes caufed minium, and fome o- 
ther calces, that I judged convenient, to be 
melted for a competent time, in a vehement 
fire conveniently adminiftred ; whereby, ac- 
cording to expectation, that, which was before 
a dull and incoherent powder, was reduced in- 
to much groffer corpufcles, multitudes of whofe 
grains appeared {mooth, glittering, and almoft 
{fpecular, like thofe of fine litharge of gold ; 
and the mafies, that thefe grains compofed, 
were ufually folid enough, and of difficult fu- 
fion. And when we make glafs of lead per /2, 
(which I elfewhere teach you how to do) it is 
plain, that the particles of the lead are reduced 
to a great {moothnefs; fince, wherefoever you 
break the glafs, the furfaces, produced at the 
crack, will not be jagged, but fmooth, and 
confiderably fpecular. Nor do I think it im- 
poffible, that even, when the fire does not 
make any great attrition of the corpufcles of 
the body to be fixed, it may yet occafion their 
fticking together, becaufe by Jong tumbling 
them up and down in various manners, it may 
at length, after multitudes of revolutions, and 
differing occurfions, bring thofe of their fur- 
faces together,which, by reafon of their breadth, 
{moothnefs, or congruity of figure, are fit for 
mutual cohefion ; and when once they come 
to ftick, there is no neceffity, that the fame 
caufes, that were able to make them pafs by 
one another, when their contact was but ac- 
cording to an inconfiderable part of their fur- 
faces, fhould have the fame effect now, when 
their contact is full; though perhaps, if the 
degree of fire were much encreafed, a more 
vehement agitation would furmount this cohe- 
fion, and diffipate again thefe clufters of coa- 
lefcent corpufcles. 

THESE conjectures will, perhaps, appear 
lefs extravagant, if you confider what happens 
in the preparation of quickfilver precipitated 
per fe. For there running mercury, being put 
into a conveniently fhaped glafs, is expofed to 
a moderate fire for a confiderable time: (for 
I have fometimes found fix or feven weeks 
to be too fhort a one.) In this degree of 
fire the parts are varioufly tumbled, and made 
many of them to afcend, till convening into 
drops on the fides of the glais, their weight 
carries them down again ; but, at length, after 
many mutual occurfions, if not alfo attritions, 
fome of the parts begin to ftick together in 
the form of a red powder, and then more and 
more mercurial particles are faftened to it, till 
at length all, or by much the greater part of 
the mercury, is reduced into the like preci- 
pitate, which, by this cohefion of the parts, 
being grown more fixed, will not, with the 
fame degree of heat, be made to rife and cir- 
culate, as the mercury would before; and yet, 
as I elfewhere note, I have found, by trial, that, 
with a greater and competent degree of heat, 
this preecipitate per fe, would, without the help 
of any volatilizing additament, .be eafily re- 
duced into running mercury again. Chemifts 
and phyficians, who agree in fuppofing this 
preecipitate to be made without any additament, 
will, perchance, {carce be able to give a more 
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likely account of the confiftency and degree 
of fixity, that is obtained in the mercury ; in 
which, fince no body is added to it, there ap- 
pears not to be wrought any but a mechanical 
change. And though, I confefs, I have not 
been without fufpicions, that in philofophical 
ftrictnefs this precipitate may not be made 
per fe, but that fome penetrating igneous par- 
ticles, efpecially faline, may have affociated 
themfelves with the mercurial corpufcles ; yet 
even upon this fuppofition it may be faid, that 
thefe particles contribute to the effect, thatis 
produced, but by facilitating or procuring, by 
their opportune interpofition, the mutual co- 
hefion of corpufcles, that would not otherwife 
{tick to one another. 

PerHaps it will not be altogether imper- 
tinent to add on this occafion, that, as tor the 
generality of chemifts, as well others, as Hel- 
montians, that affert the tranfmutation of all 
metals into gold by the philofopher’s ftone, 
methinks, they may grant it tobe probable, thata 
new and fit contexture of the parts of a vo- 
latile body may, efpecially by procuring a full 
contact among them, very much contribute to 
make it highly fixed. For to omit what is re- 
Jated by lets credible authors, it is averred, 
upon his own trial, by Helmont, who pretended 
not to the elixir, that a grain of the powder, 
that was given him, tranfmuted a pound (if 
I mifremember not) of running mercury ; 
where the proportion of the elixir to the mer- 
cury was fo inconfiderable, that it cannot reafon- 
ably be fuppofed, that every corpufcle of the 
quick-filver, that before was volatile, was 
made extremely fixed, merely by its coalition 
with a particle of the powder, fince, to make 
one grain fuffice for this coalition, the parts it 
muft be divided into muft be fcarce conceivea- 
bly minute, and therefore each fingle part not 
likely to be fixed itfelf, or at leaft more likely 
to be carried up by the vehemently agitated 
mercury, than to reftrain that from avolation ; 
whereas, if we fuppofe the elixir to have 
made fuch a commotion among the corpufcles 
of the mercury, as (having made them per- 
haps fomewhat change their figure, and ex- 
pelled fome inconvenient particles,) to bring 
them to ftick to one another, according to ve- 
ry great portions of their furfaces, and entan- 
gle one another, it will not be difagreeable to 
the mechanical doétrine of fixity, that the 
mercury fhould endure the fire as well as gold, 
on the fcore of its new texture, which, fup- 
pofing the ftory true, appears to have been 
introduced, by the new colour, fpecifick gra- 
vity, indiffolublenefs in aqua fortis, and other 
qualities, wherein gold differs from mercury, 
efpecially malleablenefs, which, according to 
our notes about that quality ulually requires, 
that the parts, from whofe union it refults, be 
either hooked, branched, or otherwife adapted 
and fitted to make them take faft hold of one 
another, or ftick clofe toone another. And fince, 
in the whole mafs of the factitious gold, all, 
fave one grain, muft be materially the fame 
body, which, before the projection was made, 
was quick-filver, we may fee, how great a pro- 
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portion of volatile matter may, by an inconfide- 
rable quantity of fixing additament, acquire 
fuch a new difpofition of its parts, as to be- 
come moft fixed. And however, this inftance 
will agree much better with the mechanical 
doctrine about fixity, than with that vulgar 
opinion of the chemifts, (wherewith it will 
not at all comply,) that if, in a mixture, the 
volatile part do much exceed the fixed, it will 
carry up that, or at leaft, a good portion 
thereof, with it; and on the contrary. Bue 
though this rule holds in many cafes, where 
there is no peculiar indifpofition to the effect, 
that is aimed at; yet if the mechanical affec- 
tions of the bodies be ill fuited to fuch a pur- 
pofe, our philofophical experiment manifeftly 
proves, that the rule will not hold, fince fo 
great a multitude of grains of mercury, in- 
{tead of carrying up with them one grain of 
the clixir, are detained by it in the ftrongeft 
fire. And thus much for the firft way of fix- 
ing volatile bodies. 


CHAP. IIl. 


eats fecond way of producing fixity is 
by expelling, breaking, or otherwife dif- 
abling thofe volatile corpufcles, that are too 
indifpofed to be fixed themfelves, or are fitted 
to carry up with them fuch particles, as would 
not, without their help, afcend. That the 
expulfion of fuch parts is a proper means to 
make the aggregate of thofe, that remain more 
fixed, I prefume you will not put me folici- 
toufly to prove; and we have a manifeft in- 
{tance of it in foot, where, though many ac- 
tive parts were by the violence of the fire and 
current of the air carried up together by the 
more volatile parts; yet, when foot is well 
diftilled in a retort, a competent time being 
given for the extricating and avolation of the 
other parts, there will at the bottom remain a 
fubftance, that will not now fly away, as it 
formerly did. And here let me obferve, that 
the recefs of the fugitive corpufcles may con- 
tribute to the fixation of a body, not barely 
becaufe the remaining matter is freed from 
fo many unfixed, if not alfo volatilizing parts ; 
but, as it may often happen, that upon their 
recefs the pores or intervals, they left behind 
them, are filled up with more folid or heavy 
matter, and the body becomes, as more ho- 
mogeneous,: fo more clofe and compact. And 
whereas I intimated, that, befides the expul- 
fion of unfit corpucles, they may be otherwife 
difabled from hindering the fixation of the 
mafs they belong to, I did it, becaufe it feems 
very poffible, that in fome cafes they may, by 
the action of the fire, be fo broken, as with 
their fragments to fill up the pores or intervals 
of the body they appertained to ; or may make 
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fuch coalitions with the particles of a conve- ~ 
nient additament, as to be no impediment to - 


the fixity of the whole mafs, though they re- 
main in it. Which poffibly you will think 
may well happen, when you fhall have perufed 
the inftances annexed to the fourth way of fix- 


ing bodies. 
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Tue third means of fixing, or leffening the 
volatility of bodies, is by preferving that reft 
among the parts, whofe contrary is neceflary 
to their volatilization. And this may be done 
by preventing or checking that heat, or other 
motion, which external agents {trive to intro- 
duce into the parts of the propofed body. But 
this means tending rather to hinder the actual 
avolation of a portion of matter, or, at moft, 
procure a temporary abatement of its volatility, 
than to give it a ftable fixity, I fhal! not any 
longer infift on it. a 

Tue fourth way of producing fixity in a 
body, ‘is by putting to it fuch an appropriated 
additament, whether fixed or volatile, that the 
corpufcles of the body may be put among 
themfelves, or with thofe of the additament, 
into a complicated ftate, or entangled contex- 
ture. ‘This being the ufual and principal way 
of producing fixity, we fhall dwell fomewhat 
the longer upon it, and give inftances of feve- 
ral degrees of fixation. For, though they do 
not produce that quality in the ftricteft accep- 
tation of the word, fixity; yet it is ufeful in 
our prefent enquiry, to take notice, by what 
means that volatility comes to be gradually aba- 
ted, fince that may facilitate our underftand- 
ing, how the volatility of a body comes to be 
totally abated, and confequently the body to 
be fixed, 


IV. 
4 ND firft, we find, that a fixed addita- 


ment, if its parts be conveniently 
fhaped, may eafily give a degree of fixity to 
a very volatile body. Thus fpirit of nitre, 
that will of itfelf eafily enough fly away in the 
air, having its faline particles aflociated with 
thofe of fixed nitre, or falt of tartar, will with 
the alcali compofe a falt of a nitrous nature, 
which will endure to be melted in a crucible, 
without being deprived even of its {pirits. 
And I have found, that the fpirits of nitre, 
that abound in aqua-fortis, being concoagulated 
with the filver they corrode, though one would 
not expect, that fuch fubtile corpufcles fhould 
ftick faft to fo compact and folid a body as 
filver ; yet cryftals produced by their coalition, 
being put into a retort, may be kept a pretty 
while in fufion, before the metal will let go 
the nitrous fpirits. When we poured oil of 
vitriol upon the calx of vitriol, though many 
phlegmatick and other fulphureous particles 
were driven away by the excited heat ; yet the 
faline parts, that combined with the fixed ones 
of the colcothar, ftuck faft enough to them, 
not to be eafily driven away. And if oil of 
vitriol be in a due proportion dropped upon 
falt of tartar, there refults a tartarum vitriola- 
tum, wherein the acid and alkalizate parts co- 
‘here fo ftrongly, that it is not an ordinary de- 
gree of fire will be able to disjoin them. Info- 
‘much, that divers chemifts have (though very 
erroneoufly) thought this compounded falt to 
be indeftructible. Buta lefs heavy liquor than 
‘the ponderous oil of vitriol may, by an alkali, 
be more ftrongly detained, than that oil itfelf; 
‘experience having aflured me, that {pirit of 
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falt being dropped to fatiety upon a fixed alkali, 
(I ufed either that of nitre or of tartar,) there 
would be made fo ftriét an union, that, hav- 
ing, without additaments, diftilled the retult: 
ing falt with a ftrong and lafting fire, it ap- 
peared not at all confiderably to be wrought 
upon, and was not fo much as melted... 

Bur it is not the bare mixture or com- 
miftion of volatile particles with fixed ones, 
(yea though the former be predominant in 
quantity,) that will fuffice to elevate the latter, 
For, unlefs the figures of the latter be con- 
gruous and fitted to faften to the other, the 
volatile parts will fly away in the heat, and 
leave the reft as fixed as before: as when fand 
or afhes are wetted or drenched with water, 
they quickly part with that water, without 
parting with any degree of their fixity. But 
on the other fide, it is not always neceffary, 
that the body, which is fitted to deftroy, or 
much abate the volatility of another fubftance, 
fhould be itfelf fixed. For, if there be a fkilful 
or lucky coaptation of the figures of the parti- 
cles of both the bodies, thefé particles may 
take fuch hold of one another, as to compofe 
corpufcles, that will neither by reafon of their 
ftri¢t union be divided by heat; nor by reafon 
of their refulting grofinefs be elevated even by. 
a ftrong fire, or at leaft by fuch a degree of 
heat, as would have fufficed to raife more indif= 
pofed bodies than either of the feparate ingre- 
dients of the mixture. This obfervation, if 
duly made out, does fo much favour our doc~ - 
trine about the mechanical origin of fixation, 
and may be of fuch ufe, not only to chemitts, 
in fome of their operations, but to philofophers, 
in affigning the caufes of divers phenomena of 
nature, that 1t may be worth while to exem- 
plity it by fome inftances. 

Tue firft whereof I fhall take from an ufual 
practice of the chemifts themfelves: which I 
the rather do, to let you fee, that fuch known 
experiments are too often over-looked by them, 
that make them, but yet may hint or confirm 
theories to thofe, that releét on them. The 
inftance, I here fpeak of, is that, which is af- 
forded by the vulgar preparation of bezoardi- 
cum minerale. For, though the rectified but- 
ter, or oil of antimony, and the fpirit of nitre, 
that are put together to make this white pre- 
cipitate, are both of them diftilled liquors ; 
yet the copious powder, that refults from their 
union, is, by that union of volatile parts, fo 
far fixed, that, after they have edulcorated it 
with water, they prefcribe the calcining of it 
in a crucible for five or fix hours: which ope- 
ration it could not bear, unlefs it had attained 
toaconfiderable fixation. This difcourfe fup- 
pofes with the generality of chemifts, that the 
addition of a due quantity of fpirit of nitre is 
neceffary to be employed in making the bezo- 
ardicum minerale. But if it be a true obferva. 
tion, whichis attributed to the learned Gunthe- 
rus Billichius, (but which I had no furnace at 
hand to examine, when I heard of it,) if, I 
fay, it be true, that a bezoardicum minerale 
may be obtained, without fpirit of nitre, bare- 
ly by a flow evaporation, made in a glafs-dith, 
of the more fugitive parts of the oil-of antimo- 
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ny ; this inftance will not indeed be proper in 
this place, but yet will belong to the fecond of 
the foregoing ways of introducing fixity. [ 
proceed now to alledge other particulars, in 
favour of the above-mentioned obfervation. 

Ir you take ftrong {fpirit of falt, that, when 

the glafs is unftopped, will fmoke of itfelf in 
the cold air, and fatiate it with the volatile 
{pirit of urine, the fuperfluous morfture being 
abftraéted, you will obtain by this preparation 
(which, you may remember, I long fince com- 
municated to you, and divers other virtuofi, ) 
a compounded falt, fcarce, if at all, diftin- 
suifhable from fal armoniac, and which will 
not, as the falts it confifts of will do, before 
their coalition, eafily fly up of itfelf into the 
air, but will requite a not defpicable degree of 
fire to fublime it. 
. Or thefe femivolatile compofitions of falt I 
have made, and elfewhere mentioned, others, 
which I fhall not here repeat, but pafs on to 
other inftances, pertinent to our prefent de- 
fion. 

"J lately mentioned, that the volatility of the 
fpirits of nitre may be very much abated, by 
bringing them to coagulate into cryftals, with 
particles of corroded filver; but I fhall now 
add, that I gueffed, and by trial found, that 
thefe nitrous fpirits may be made much more 
fixed by the addition of the {pirit of falt, which, 
if it be good, will of itfelf fmoke in the air. 
For, having diffolved a convenient quantity of 
cryftals of filver in diftilled water, and _preci- 
pitated them, not with a folution of falt, but 
the fpirit of falt; the phlegm being abftracted, 
and fome few of the loofer faline particles ; 
though the remaining mafs were preffed with 
a violent fire, that kept the retort red-hot for 
a good while; yet the nitrous and faline fpirits 
would by no means be driven away from the 
filver, but continued in fufion with it; and 
when the mafs was taken out, thefe fpirits did 
fo abound ‘in it, that it had no appearance of a 
metal, but looked rather like a thick piece of 
horn. 

Tue next inftance I fhall name is afforded 
us by that kind of turbith, which may be made 
by oil of vitriol, inftead of the aqua-fortis em- 
ployed in the common turpethum minerale. 
For, though oil of vitriol be a diftilled liquor, 
and mercury a body volatile enough; yet, 
when we abftracted four or five parts of oil of 
vitriol from one of quick-filver, (efpecially if 
the operation were repeated,) and then wafhed 
off as much as we could of the faline particles 
of the oil of vitriol; yet thofe, that, remained 
adhering to the mercury made it far more 
fixed, than either of the liquors had been be- 
fore, and enabled it even in a crucible, to 
endure fuch a degree of fire, before it could 
be driven away, as, I confefs, I fomewhat 
wondered at. The like turbith may be made 
with oil of fulphur per campanam. But this is 
nothing to what Helmont tells us of the opera- 
tion of his alkaheft, where he affirms, that 
that menftruum, which is volatile enough, be- 
ing abftracted from running mercury, not on- 
ly coagulates it, but leaves it fixed, fo that it 
will endure the brunt of fires actuated by bel- 
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lows, (omnem follium ignem.) If this be certain, 
it will not be a flender proof, that fixity may 
be mechanically produced; and however, the 
argument will be good in reference to the Hel- 
montian Spagyrifts. For if, as one would ex- 
pect, there do remain fome particles of the 
menftruum with thofe of the metal, it will not 
be denied, that two volatile fubftances may 
perfectly fx one another. And if, as Helmont 
feems to think, the menftruum be totally ab- 
{tracted, this fuppofition will the more favour 
our doctrine about fixity; fince, if there be no 
material additament left with the quick-filver, 
the fixation cannot fo reafonably be afcribed to 
any thing, as to fome new mechanical modi- 
freation; and particularly to fome change of 
texture introduced into the mercury itfelf. 

ANp that you may think this the lefs im: 
probable, I will now proceed to fome in- 
{tances, whereof the firft fhall be this; that, 
having put a mixture made of a certain pro- 
portion of two dry; as well as volatile bodics, 
(viz. fal armoniac, and flower or very fine 
powder of fulphur,) to half its weight of com- 
mon running mercury, and elevated this mix- 
ture three or four times from it, (in a conve- 
niently fhaped, and not over-wide glafs) the 
mercury, that lay in the bottom, in the form 
of a ponderous and fomewhat purplifh powder, 
was, by this operation, io fixed, that it long 
endured a ftrong fire, which at length was 
made fo ftrong, that it melted the glafs, and 
kept it melted; without being ftrong enough 
to force up the mercury: which, by fome 
trials, not fo proper to be here mentioned, 
feemed to have its falivating and emetick 
powers extraordinarily infringed, and fome- 
times quite fuppreffed. But this only upon 
the bye. In all. the other inftances, (where- 
with I fhall conclude thefe notes,) I fhall em- 
ploy one menftruum, oil of vitriol; and thew 
you the efficacy of it in fixing fome parts of 
volatile bodies with fome parts of itfelf; by 
which examples it may appear, that a volatile 
body may not only leffen the volatility of ano- 
ther body, as in the lately mentioned cafe of 
our {pirituous fal armoniac; but that two fub- 
ftances, that apart were volatile, may com- 
pofe a third, that will not only be lefs volatile, 
but confiderably, if not altogether; fixed. . 

We mixed then, by degrees, about equal 
parts of oil of vitriol and oil of turpentine: and 
though each of them fingle, efpecially the latter, 
will afcend with a moderate fire in a fand-fur- 
nace; yet, after the diftillation was ended, we 
had a confiderable quantity, fometimes, if I 
mifremember not, a fifth or fixth part, of a 
caput mortuum, black as a coal, and whereof 
a great part was of a fcarce to be expected 
fixednefs in the fire. 

To give a higher proof of the difpofition, 
that oil of vitriol has to let fome of its parts 
grow fixed by combination with thofe of an 
exceeding volatile additament; I mixed this 
liquor with an equal or double weight of high- 
ly rectified {pirit of wine; and not only after, 
but fometimes. without, previous digeftion, I 
found; that the fluid parts of the mixture being 
totally abftracted, there would remain a pretty 
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quantity of a black fubftance fo fixed, as to af- 
ford juft caufe of wonder. 

Awnp becaufe camphire is efteemed the moft 
fugitive of confiftent bodies, in regard that, 
being but laid in the free air, without any help 
of the fire, it will fly all away; I tried, what 
oil of vitriol, abftracted from camphire, would 
do ; and found at the bottom of the retort a 
greater quantity, than one would expect, of a 
fubftance as black as pitch, and almoft as far 
from the volatility, as from the colour of cam- 
phire, though it appeared not, that any of the 
gum had fublimed into the neck of the retort. 
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From all which inftances it feems mahifeft» 
ly enough to follow, that in many cafes there 
needs nothing to make affociated particles, 
whether volatile or not, become fixed, but 
either to implicate or entangle them among 
themfelves, or bring them to touch one ano- 
ther; according to large portions of their fur- 
faces, or by both thefe ways conjointly, or by 
fome others, to procure the firm cohzfion of 
fo many particles, that the refulting corpuf 
cles be too big or heavy to be, by the degree 
of fire, wherein they are faid to be fixed, dri- 
ven up into the air, ; 
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CORROSIBILIT Y. 


SECTION I 


About the Mucuanica ORIGIN 

DO not, in the following notes, treat of 
if corrofivenefefs in their ftrict fenfe of the 

word, who afcribe this quality only to l- 
quors, that are notably acid or four, fuch as 
aqua fortit, fpirir of falt, vinegar, juice of le- 
mons, &c. but, that I may not be obliged to 
overlook urinous, oleous, and divers other fol- 
vents, or to coin new names for their differing 
folutive powers, I prefume to employ corro- 
fivenefs in a greater latitude, fo as to make it 
almoft equivalent to the folutive power of li- 
quors, referring other menftruums to thofe, 
that are corrofive or fretting, (though not al- 
ways as to the moft proper, yet) as to the prin- 
cipal and beft known fpecies; which I the lefs 
fcruple here to do, becaufe I have * elfewhere 
more diftin¢ctly enumerated and forted the fol- 
vents of bodies. 


* This refers to an eflay of the author’s about the ufefulnefs of chemiftry to, &c. 


of CORROSIVENESS. 


THE attributes, that feem the moft proper 
to qualify a liquor to be corrofive, are all of 
them mechanical, being fuch as are thefe, that 
follow : 

First, that the menftruum confift of, or 
abound with corpufcles not too big to get in 
at the pores or commiffures of the body to be 
diffolved ; nor yet be fo very minute, as to pafs 
through them, as the beams of light do through 
glafs; or to be unable, by reafon of their great 
flendernefs and flexibility, to disjoin the parts 
they invade. 

SECONDLY, that thefe corpufcles be of a2 
fhape fitting them to infinuate themfelves, 
more or lefs, into the pores or commiffures 
above-mentioned, in order to the diffociating 
of the folid parts. 

THIRDLY, 
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. Tuirpuy, that they have a competent 
degree of folidity to disjoin the particles of 
the body to be diffolved; which folidity of 
folvent corpufcles is fomewhat diftinct from 
their bulk, mentioned in the firft qualification ; 
as may appear, by comparing a ftalk of wheat 
and a metalline wire of the fame diameter, or 
a flexible wand of ofier, of the bignefs of one’s 
little finger, with a rigid rod of iron of the 
fame length and thicknefs. 

FourTHLY, that the corpufcles of the 
menftruum be agile and advantaged for mo- 
tion, (fuch as is fit to disjoin the parts of the 
invaded body) either by their fhape, or their 
minutenefs, or their fitnefs to have their action 
befriended by adjuvant caufes; fuch as may 
be (firft) the preffure of the atmofphere, which 
may impel them into the pores of bodies not 
filled with a fubftance fo refifting as common 
air: as we fee, that water will, by the preva- 
lent preffure of the ambient, whether air or 
water, be raifed to the height of fome inches 
in capillary glaffes, and in the pores of fpunges, 
whofe confiftent parts, being of eafier ceffion 
than the fides of glafs-pipes, thofe pores will 
be enlarged, and confequently thofe fides dif- 
joined, as appears by the dilatation and {wel- 
ling of the fpunge: and (fecondly) the agita- 
tion, that the intruding corpufcles may be fit- 
ted to receive in thofe pores or commiffures, 
by the tranfcurfion of fome fubtile aetherial 
matter; or by the numerous knocks and other 
pulfes of the fwimming or tumbling corpuicles 
of the menftruum itfelf, (which, being a fluid 
body, muft have its {mall parts perpetually 
and varioufly moved) whereby the engaged 
corpufcles, like fo many little wedges and lea- 
vers, may be enabled to wrench oren, or force 
afunder the little parts between which they 
have infinuated themfelves. But I fhall not 
here profecute this theory, (which, to be hand- 
led fully, would require a difcourfe apart) fince 
thefe conjectures are propofed but to make it 
probable in the general, that the corrofivenefs 
of bodies may be deduced from mechanical 
principles: but whether beft from the newly 
propofed ones, or any other, need not be anxi- 
oufly confidered in thefe notes, where the things 
mainly intended and relied on are the experi- 
ments and phenomena themfelves. 


EXPERIMENT I. 


T is obvious, that, though the recently ex- 

preffed juice of grapes be fweet, whilft it 
retains the texture, that belongs to it, as it is 
new, (efpecially, if it be made of fome forts of 
grapes, that grow in hot regions;) yet, after 
fermentation, it will, in tract of time, as it 
were {pontaneoufly, degenerate into vinegar. 
In which liquor, to a multitude of the more 
folid corpufcles of the muft, their frequent 
and mutual attritions may be fuppofed to have 
given edges like thofe of the blades of {words 
or knives; and in which, perhaps, the con- 
fufed agitation, that preceded, extricated, or, as 


it were, unfheathed fome acid particles, that. 


(derived from the fap of the vine, or, per- 
chance, more originally from the juice of 
VoL. If. 


the earth,) were at firft in the muft, but 
lay concealed, and, as it were, fheathed a- 
mong the other particles, wherewith they were 
affociated, when they -were preffed out of the 
grapes, Now this liquor, that by the fore- 
mentioned, or other like mechanical changes, 
is become vinegar, does fo abound with cor- 
pufcles, which, on the account of their edges, 
or their otherwife fharp and penetrative fhape, 
are acid and corrofive, that the better fort of 
it will, without any preparation, diffolve coral, 
crab’s-eyes, and even fome ftones, lapis ftella- 
ris in particular, as alfo minium, or the calx 
of lead, and even crude copper, as we have 
often tried. And not only the diftilled fpirit 
of it will do thofe things more powerfully, and 
perform fome other things, that mere vinegar 
cannot; but the faline particles, wont to re- 
main after diftillation, may, by being diftilled 
and cohobated per fe, or by being fkilfully 
united with the foregoing fpirit, be brought 
to a menftruum of no fmall efficacy in the dif- 
folution, and other preparations of metalline 
bodies, too compact for the mere fpirit itfelf 
to work upon. 

From divers other fweet things alfo may 
vinegar be made; and even of honey, fkil- 
fully fermented with a fmall proportion of 
common water, may be made a vinegar ftrong- 
er than many of the common wine-vinegars ; 
as has been affirmed to me by a very candid 
phyfician, who had occafion to deal much in 
liquors. 


EXPERIMEN T IL 
OT only feveral dry woods, and other 
“bodies, that moft of them pafs for in- 
fipid, but honey and fugar themfelves afford 
by diftillation acid fpirits, that will diffolve 
coral, pearls, &c. and will alfo corrode fome 
metals and metalline bodies themfelves ; as ] 
have often found by trial. So that the violent 
operation of the fire, that deftroys what they 
call the form of the diftilled body, and works, 
as amechanical agent, by agitating, breaking, 
diffipating, and under a new conftitution re- 
aflembling the parts, procures for the diftiller 
an acid corrofive menftruum; which, whether 
it be brought to pafs by making the corpufcles 
rub one another into the figure of little fharp 
blades, or by fplitting fome folid parts into 
{harp or cutting corpufcles, or by unfheathing, 
as it were, fome parts, that, during the for- 
mer texture of the body, did not appear to be a- 
cid ; or whether it be rather effected by fome 
other mechanical way, may in due time be fur- 
ther confidered. | 


EXPERIMENT II 


T is obferved by refiners, goldfmiths and 
chemifts, that aqua fortis -and aqua regia, 
which are corrofive menftruums, diffolve me- 
tals, the former of them filver, and the latter 
gold, much more {peedily and copioufly, when 
an external heat gives their inteftine motions 
a new degree of vehemency or velocity, which 
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is but a mechanical thing; and yet this fuper-- 


added meafure of agitation is not only in the 
7 above- 
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abovementioned inftances a powerfully affiftant 
caufe in the folutions made by the lately men- 
tioned corrofive liquors, but is that, without 
which fome menftruums are not wont fenfibly 
to corrode fome bodies at all, as we have tried 
in keeping quick-filver in three or four times 
its weight of oil of vitriol ; fince in this men- 
ftruum I found not the mercury to be diflolved, 
or corroded, though I kept it a long time in 
the cold: whereas, when the oil of vitriol was 
excited by a convenient heat, (which was not 
faint) it corroded the mercury into a fine white 
calx or powder, which by the affufion of fair 
water, would be preiently turned into a yel- 
lowith calx of the colour and nature of a turbich. 
I remember alfo, that having, for trial’s fake, dil- 
folved in a weak fpirit of falt a fourth part 
of weight of fine cryftals of nitre, we found, 
that it would not in the cold (at leaft during a 
good while, that we waited for its operation) 
diffolve leaf-sold ; but when the menftruum 
was alittle heated at the fire, the folution pro- 
ceeded readily enough. And in fome cates, 
though the external heat be but {mall, yet there 
may intervene a brifk heat, and much co- 
operate in the diffolution of a body 5 as tor in- 
ftance, of quick-filver in aqua fortis. For it 
isno prodigy to find, that when a full propor- 
tion of that Guid metal has been taken, the fo- 
lution, though at firft altogether liquid, and as 
to fenfe uniform, comes to have, after a while, 
a good quantity of coagulated or cryttallized 
mattcr at the bottom, of which the caufe may 
be, that in the very act of corrofion there is 
excited an intenfe degree of heat, which con- 
ferring a new degree of agitation to the men- 
(truum, makes it diffolve a good deal more, 
than afterwards, when the conflict is over, it 


is able to keep up. 
EXPERIMENT IV. 


E have obferved alfo, that agitation does 
in fome cafes fo much promote the dif 
folutive power of faline bodies, that though 
they be not reduced to that fubtilty of parts, 
to which a ftrong diftillation brings them ; yet 
they may in their groffer and cruder form 
have the power to work on metals ; as I elfe- 
where fhew, that by barely boiling fome folu- 
tions of falts of a convenient ftructure, as ni- 
tre, fal armoniac, &c. with foliated gold, fil- 
ver, &c. we have corroded thefe metals, and 
can diffolve fome others. And by boiling 
crude copper (in filings) with fublimate and 
common water, we were able, in no long time, 
to make a folution of the metal. 


EXPERIMENT VV. 


OMETIMES alfo, fo languid an agita- 
tion, as that, which feems but fufficient to 
keep a liquor in the ftate of fluidity, may fut- 
fice to give fome dry bodies a corroding power, 
which they could not otherwife exercife ; as in 
the way of writing one’s name (or a motto) 
upon the blade of a knife with common fubli- 
mate: for, if having very thinly overlaid which 
fide you pleafe with bees-wax, you write with 


a bodkin, or foine pointed thirg upon it; the 
wax being thereby removed from the ftrokes 
made by the fharp body, it is ealy to etch with 
fublimate ; fince you néed but ftrew the pow- 
der of it upon the place bared of the wax, and 
wet it well with mere common water; for 
{trong vinegar is not neceffary. For, after a 
while, all the parts of the blade, that fhould 
not be fretted, being protected by the cafe or 
film of wax, the fublimate will corrode only 
where way has been made for it by the bodkin, 
and the letters will be more or lefs deeply en- 
gravcn (or rather etched) according to the time 
the fublimate ts fuffered to lie on. And if you 
aim only at a legible impreffion, a few minutes 


of an hour (as four or five) may ferve the 
turn. 


EXPERIMENT VI. 


Stew brings into my mind an obferva- 
tion I have fometimes had occafion to 
make, that I found more ufcful than common ; 
and it is, that divers bodies, whether diftilled 
or net diftilled, that are not thought capable 
of diffolving other bodies, becaufe in moderate 
degrees of heat they will not work on them, 
may yet, by intenfe degrees of heat, be brought 
to be fit folvents for them. To which purpofe 
I remember, that having a diftilled liquor, 
which was rather {weet to the tafte, than either 
acid, lixiviate, or urinous, though for that rea- 
fon it feemed unfit to work on pearls, and-ac- 
cordingly did not diffolve them in a confidera- 
ble time, wherein they were kept with it in a 
more than ordinarily warm digeition ; yet the 
glafs being for many hours (amounting perhaps 
to fome days) kept in fuch an heat of jand as 
made the liquor boil, we had a diffolution of 
pearls, that uniting with the menftruum, made 
it a very valuable liquor. And though the jol- 
vents of crude gold, wont to be employed by 
chemifts, are generally diftilled liquors, that are 
acid, and in the lately mentioned folvent, 
made of crude falts and common water, acidity 
feemed to be the predominant quality (which 
makes the ufe of folutions made in aqua regia, 
&c. fufpected by many phyficians and che- 
mifts 5) yet fitly chofen alcalizate bodies them- 
{clves, as repugnant as they ufe to be to acids, 
without the help of any liquor, will be enabled, 
by a melting fire, in no long time, to penetrate 
and tear afunder the parts even of crude gold ; 
fo that it may afterwards be eafily taken up in 


liquors, that are not acid, or even by water 
itfelf. 


EXPERIMENT VI. 


HE tract about falt-petre, that gave oc- 
calion to thefe annotations, may furnifh 

us with an eminent inftance of the production 
of folvents, For, though pure falt-petre itfelf, 
when diffolved in water, is not obferved to be 
a menftruum for the folution of the metals 
hereafter to be named, or fo much as of coral 
itfelf ; yet when, by a convenient diftillation, 
its parts are {plit, if I may fo fpeak, and by 
attrition, or other mechanical ways of working 
on 


of CORROSIVENESS avd CORROSIBILITY. 


on them, reduced to the fhapes of acid and al- 
calizate falts, it then affords two forts of men- 
{truums, of very differing natures, which, be- 
twixt them, diffolve or corrode a great number 
and variety of bodies; as the fpurit of nitre, 
without addition, is a folvent for moft metals, 
as filver, mercury, copper, lead, &c. and alfo 
divers mineral bodies, as tin-glafs, fpelter, la- 
pis calaminaris, 8c. and the fixed falt of nitre 
operates upon fulphureous minerals, as common 
fulphur, antimony, and divers other bodies, -of 
which I elfewhere make mention. 


EXPERIMENT VIII 


Y the former trials it has appeared, that 
the encreafe of motion, in the more pene- 
trating corpufcles of a liquor, contributes much 
to its folutive power; and I fhall now add, 
that the fhape and fize, which are mechanical 
affections, and fometimes alfo the folidity of 
the fame corpufcles does eminently concur to 
qualify a liquor to diffolve this or that particu- 
lar body. Of this, even fome of the more fa- 
miliar practices of chemifts may fupply us with 
inftances. For there is no account fo probable 
as may be given upon this fuppofition, why 
aqua fortis, which will diffolve filver, without 
meddling with gold, fhould, by the addition of 
a fourth part of its weight of fal armoniac, be 
turned into aqua regia, which, without med- 
dling with filver, will diffolve gold. But 
there is no neceffity of having recourfe to fo 
grofs and compounded a body as fal armoniac, 
to enable aqua fortis to diflolve gold: for, the 
fpirit of common falt alone, being mingled in 
a due proportion, will {uffice for that purpofe. 
Which (by the way) fhews, that the volatile 
falt of urine and foot, that concur to the mak- 
ing up of fal armoniac, are not neceffary to the 
diffolution of gold, for which a folvent may 
be made with aqua fortis and crude fea falt. I 
‘might add, that the mechanical affections of a 
menftrnum, may have fuch an intereft in its 
ciffolutive power, that even mineral or metal- 
line corpufcles may become ufeful ingredients 
of it, though, perhaps, it be a diftilled liquor ; 
as might be illuftrated by the operations of 
fome compounded folvents, fuch as is the oil 
of antimony made by repeated rectifications of 
whiat chemifts call its butter, which, whatever 
fome fay to the contrary, does much abound 
in antimonial fubftance. 


EXPERIMENT IX. 
BY I fhall return to our aqua regia, be- 


caufe the mention I had occafion to make 
of that folvent, brought into my mind what 
I devifed, to make it probable, that a {maller 
change, than one would lightly imagine, of the 
bulk, fhape, or folidity of the corpufcles of a 
menftruum, may make it fit to diffolve a body 
it would not work on before. And this I the 
rather attempted, becaufe the warier fort of 
chemifts themfelves are very fhy of the inward 
ufe or preparations made of gold by the help 
of aqua fortis, becaufe of the odious ftink they 
find, and the venenofity they fufpect in that 


corrofive men{ftruum: whereas fpirit of fiir ere 
look upon as a much more innocent liquor, 
whereof, if it be but diluted with fair water, or 
any ordinary drink, a good dofe may be fately 
given inwardly, though it have not wruught 
upon gold, or any other body, to take o.° its 
acrimony. But, whcther cr no this prove of 
any great ufe in phyfick, wherein, perhaps, if 
any quantity:of gold be to be ditslved, a 
greater proportion of {pine of nitre would be 
needed ; the fuccefs will not be unfit to be men- 
tioned, in reference to what we were fying of 
folvents. For, whereas we find not, that our 
{pirit of fale here, in Hvglend, will at ail dif 
folve crude gold, we found, that by putting 
fome leaf-gold into a convenient quantity of 
good fpirit of falt, when we had droaped in 
ipirit of nitre, (f{haking the glafs at each Crop) 
till we perceived, that the mixture was. juft 
able, in a moderate heat, to diffolve the gold, 
we found, that we had been obliged to employ 
but after the rate of twelve drops of the latter 
liguor to an ounce of the former ; jo that, fup- 
poling eacn of tnefe drops to weiga a grain, 
the fortieth part of {pint of nitre cringe cdced, 
ferved to turn the fpiric of falc i: co a wind of 
aqua rcgia, But to know the procortion ut'1-r- 
wie than by guefs, we weighed fix other drops 
of the fame fpirit of ialt, and found them to a- 
mount not fully to three grains and an half: 
whence it appeared, that we added but alscut 
a feventieth part of the nitrous fpuit to that of 
falt. 

THE experiments, that have been hitherto 
recited, relate chiefly to the production of cor- 
rofive menftruums; and therefore I thall now 
add an account of a couple of trials, chac I 
made maniteitly to leffen, or quite to deftrey 
coniofiveneis in liquors very confpicuous for. 
that quahicy. 


EXPERIMENT X. 


TLE REAS one of the moft coirofive 
menitruums, that is yet known, is oil 
of vitriol, which will fret in pieces bein Givers 
metals and minerals, and a great numler and 
variety of animal and vegetable bodies ; yer if 
you digeft with it, for a while only, an equal 
weight of highly-rectified fpirit of wine, and 
afterwards diftil the mixture very warily, (for 
elfe the experiment may very eafily mifcarry,) 
you may obtain a pretty deal of liquor not cor- 
rofive at all, and the remaining fubftance will 
be reduced partly into a liquor, which, though 
acid, is not more fo than one part of good oil 
of vitriol will make ten times as much common 
water, by being well mingled with ir; and 
partly into a dry fubftance, that has fcarce any 
tafte at all, much lefs a corrofive one. 


EXPERIMENT XI. 


ND though good aqua fortis be the moft 
generally employed of corrofive men- 
ftruums, as being capable of diflolving or cor- 
roding, not only many minerals, as tin-glafs, 
antimony, zink, &c. but all metals, cxcept - 
gold, (for, though it make not a permanent 
folution 
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folution of crude tin, it quickly frets the parts 
afunder, and reduces it to an immalleable fub- 
ftance ;) yet, to fhew how much the power of 
corroding may be taken away, by changing 
the mechanical texture of a menftrmum, even 
without feeming to deftroy the fretting falts, I 
practifed (and communicated to divers virtuofi) 
the following experiment, elfewhere mentioned 
to other purpofes. 

We took equal parts of good aqua fortis, 
and highly dephlegmed fpirit of wine, and 
having mingled them warily, and by degrees, 
(without which caution the operation may 
prove dangerous) we united them by two or 
three diftillations of the whole mixture; which 
afterwards we found not to have the leaft fret- 
ting tafte, and to be fo deprived of its corro- 
five nature, that it would not work upon filver, 
though by precipitation, or otherwife, reduced 
to very {mall parts; nay, it would fcarce fen- 
fibly work, in a good while, on filings of cop- 
per, or upon other bodies, which mere vinegar, 
or, perhaps, rhenifh wine, will corrode. Nay, 
Iremember, that, with another {pirit, (that was 
not urinous) and afterwards, with alkohol of 
wine, we fhewed a more furprifing fpecimen of 
the power of either deftroying, or debilitating, the 
corrofivenefs of a menftruum, and checking its 
operation, For, having caufed a piece of cop- 
per plate to be put into one ounce of aqua for- 
tis, when this liquor was eagerly working upon 
the metal, I caufed an ounce of the alkohol of 
wine, or the other fpirit to be poured, (which 
it fhould warily be) upon the agitated mix- 
ture ; whofe effervefcence, at the firft inftant, 
feemed to be much encreafed, but prefently 
after was checked, and the corrofivenis of the 
menftruum being fpeedily difabled or correct- 
ed, the remaining copper was left undiflolved 
at the bottom. 

Nor are thefe the only acid menftruums, 
that I have, many years fince, been able to 
correct by fiich a way: for I applied it to o- 
thers, as fpirit of nitre, and even aqua regis it- 
felf; but it has not an equal operation upon all, 
and leaft of all (as far as I can remember) up- 
on fpirit of falt; as, on the other fide, {trong 
fpirit of nitre was the menftruum, upon which 
its effects were the moft fatisfactory. 

Most of the chemifts pretend, that the 
folutions of bodies are performed by a certain 
cognation and fympathy between the menftru- 
um and the body it is to work upon. And it 
is not to be denied, that, in divers inftances, 
there is, as it were, aconfanguinity between the 
menftruum and the body to be diffolved ; as when 
fulphur is diffolved by oils, whether exprefled 
or diftilled : but yet, as the opinion is generally 
propofed, I cannot acquiefce in it, partly, be- 
caufe there are divers folutions and other phe- 
nomena, where it will not take place; and 
partly, becaufe, even in thofe inftances, wherein 
it is thought moft applicable, the effect feems 
to depend upon mechanical principles. 


EXPERIMENT XI. 


ND firft, it will be difficult to fhew, 
what confanguinity there is between fal 
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gem, and antimony, and iron, and zink, and 
bread, and camphire, and lapis calaminaris, 
and flefh of divers kinds, and oifter-fhells, and 
hartfhorn, and chalk, and quick-lime; fome 
of which belong to the vegetable, fome to 
the mineral, and fome to the animal kingdom ; 
and yet all of them, and divers others, as } 
have tried, may, even without the affiftance of 
external heat, be diffolved or corroded by one 
fingle mineral menftruum, oil of vitriol. And, 
which is not to be neglected on this occafion, 
fome of them may be bodies, fuppofed, by 
chemifts, to have an antipathy to each other, 
in point of corrofion, or diffolution. 


EXPERIMENT MII. 


Obferve alfo, that a diffolution may be 

made of the fame body by menftruums, 
to which the chemifts attribute (as I juft now 
obferved they did to fome bodies) a mutual 
antipathy, and which therefore are not like to 
have a fympathy with the fame third body ; 
as I found by trial, that both aqua fortis, and 
{pirit of urine, upon whofe mixture there en- 
fues a confli€t, with a great effervefcence, will, 
each of them apart, readily diffolve crude zink, 
and fo each of them will the filings of copper. 
Not to mention, that pure fpirit of wine, and 
oil of vitriol, as great a difference as there is 
between them, in I know not how many re- 
fpects, and as notable a heat as will enfue upon 
their commixture, will each of them diffolve 
camphire ; to which may be added, other in- 
{tances of the hke nature. As for what is 
commonly faid, that oils diffolve fulphur, and 
faline menftruums metals, becaufe (as they 
{peak) mile fimili gaudet; I anfwer, that, 
where there is any fuch fimslitude, it may be 
very probably afcribed, not fo much with the 
chemifts, that favour 4riffatle, to the effential 
forms of the bodies, that are to work on each 
other; nor, with the mere chemufts, to their 
falt, or fulphur, or mercury, as fuch; but to 
the congruity between the pores and figures 
of the menftruum, and the body diffolved by 
. and to fome other mechanical affections of 
them. , 


EXPERIMENT XIV. 


OR filver, for example, not only will be 

diffolved by nitre, which they reckon a 
falt, but be amalgamed with, and confequent- 
ly diffolved by quickfilver, and alfo. by the 
operation of brimftone, be eafily incorporated 
with that mineral, which chemifts are wont to 
account of fo oleaginous a nature, and info- 
luble in aqua fortis. 


EXPERIMENT XV. 


ND as for thofe diffolutions, that are 
made with oily and inflammable men- 
{truums, of common fulphur and other inflam- 
mable bodies, the diffolution does not make 
for them fo clearly as they imagine. For, if 
fuch menftruums operate, as is alledged, upon 
the account of their being, as well as the bo- 
dies they work upon, of a fulphureous nature, 
whence 
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whence is it, thac highly rectified fpiric of 
wine, which, according to them, mutt be of a 
moft fulphureous nature, fince, being fet on 
fire, it will flame all away, without leaving one 
drop behind it, will not (unlefs, perhaps, after 
a tedious while) diffolve even flowers of brim- 
{tone, which effential, as well as expreffed oils, 
will eafily take up; as fpirit of wine itfelf alfo 
will do almoft in a trice, if, (as we fhall fee 
anon) by the help of an alkali, the texture of 
the brim{ftone be altered, though the only thing, 
that is added to the fulphur, being an incom- 
buftible fubftance, is nothing near of fo ful- 
phureous a nature, as the flowers, and need 
have no confanguinity upon the fcore of its 
origin with fpirit of wine, as it is alledged, 
that falt of tartar has; fince I have tried, that 
a nitre, employed inftead of it, will do the 
ame. 


EXPERIMENT XVL 


lhe mention of nitre brings into my 
mind, that the falt-petre, being wont to 
be looked upon, by chemifts, as a very inflam- 
mable body, ought, according to them, to be of 
avery fulphureous nature ; yet we find not, that 
it is in chemical oils, but in water, readily dif- 
folved. And whereas chemifts tell us, that 
the folutions of alkalies, fuch as falt of tartar, 
or of pot-afhes in common oils, proceed from 
the great cognition between them, I demand, 
whence it happens, that falt of tartar will, by 
boiling, be diffolved in the expreffed oil of al- 
monds, or of olives, and be reduced with it 
to a foapy body, and that yet, with the effen- 
tial oil of juniper or annifeeds, &c. where 
what they call the fulphur is made pure and 
penetrant, being freed from the earthy, aque- 
ous and feculent parts, which diftillation dif- 
covers to be in the expreffed oils, you may 
boil falt of tartar twenty times as long, with- 
out making any foap of them, or perhaps any 
fenfible folution of the alkali. And chemifts 
know, how difficult it 1s, and how unfuccefs- 
fully it is wont to be attempted, to diffolve 
pure falt of tartar in pure fpirit of wine, by 
digefting the not peculiarly prepared falt in the 
cognate menftruum. I will not urge, that, 
though the moft confpicuous mark of fulphur, 
be inflammability, and is in an eminent de- 
gree to be found in oil, as well as fulphur ; yet 
an alkali and water, which are neither fingly, 
nor united inflammable, will diffolve common 
fulphur. : 


EXPERIMENT XVII. 


UT, to make it probable againft the che- 

mifts, (for I purpofe it but as an argu- 
ment ad hominem) that the folution of fulphur 
in expreffed oils depends upon fomewhat elfe 
beftdes the abundance of the fecond principle, 
in both the bodies; I will add to what I faid 
before, an affirmation of divers chemical wri- 
ters themfelves, who reckon aqua regis, which 
is plainly a faline menftruum, and diffolves 
copper, iron, coral, &c. like acid liquors, a- 
mong the folvents of fulphur, and by that 

Vor. II. 


power, among other things, diftinguifh it from 
aqua fortis. And, on the other fide, if there 
be a congruity betwixt an expreffed cil and 
another body, though it be fuch as, by its eafy 
diffolublenefs in acid falts, chemifts fhould pro- 
nounce to be of a faline nature, an expreffed 
oil will readily enough work upon it; as [ have 
tried, by digefting even-crude copper, in filings; 
with ou of {weet almonds, which took up fo 


much of the metal, as to be deeply coloured ~ 


thereby, as if it had been a corrofive liquor : 
nay, I fhall add, that, even with milk, as mild 
a liquor as it is, I have found, by trial, that, 
without the help of fire, a kind of diffolution 
may, though not in few hours, be made of 
crude copper, as appeared by the greenifh blue 
colour the filings acquired, when they had been 
well drenched in the liquor, and left for a cer- 
tain time in the veffel, where the air had very 
free accefs to them, 


EXPERIMENT XVI. 
BE SIDES the argument ad hominem, new- 


ly drawn from aqua regia, it may be pro- 
per enough to urge another of the fame kind, 
upon the generality of the Helmontians and 
Paracelfians, who admit what the heads of 
their fects delivered concerning the operations 
of the alkaheft. For whereas it is affirmed, 
that this irrefiftible menftruum will diffolve all 
tangible bodies here below, fo as they may be 
reduced into infipid water; as, on the one fide, 
it will be very hard to conceive, how a fpecifi- 
cated menftruum, that is determined to be ei- 
ther acid, or lixiviate, or urinous, 8c. fhould 
be able to diffolve fo great a variety of bodies 
of. differing, and perhaps contrary natures, in 
fome whereof acids, in others, lixiviate falts, and 
in others, urinous are predominant; fo, on the 
other fide, if the alkaheft be not a fpecificated 
menftruum, it will very much disfavour the 
opinion of the chemifts, that will have fome 
bodies diffoluble only by acids as fuch, others 
by fixed alkalies, and others again by volatile 
falts ; fince a menftruum, that is neither acid, 
lixtviate, nor urinous, 1s able to diffolve bodies, 
in fome of which one, and in others, another 
of thofe principles is predominant: fo that, if 
a liquor be conveniently qualified, it is not ne- 
ceflary, that it fhould be either acid to diffolve 
pearl or coral, or alkalizate to, diffolve fulphur. 
But upon what mechanical account an analyzing 
meniftruum may operate, is not neceffary to be 


. here determined. And J elfewhere offer fome 


thoughts of mine about it. 
EXPERIMENT XIX. 


F we duly refleft upon the known procefs, 
that chemifts are wont to employ in mak- 
ing mercurius dulcis, we fhall find it very fa- 
vourable to our hypothefis. For though we 
have already fhewn in the fifth experiment, 
and it is generally confeffed, that common 
fublimate made of mercury is a highly corro- 
five body; yet, if it be well ground with near 
an equal weight of quickfilver, and be a few 
times fublimed, (to mix them the more exactly) 
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it will become fo mild, that it will not fo 

much as tafte fharp upon the tongue; fo that 
chemiuts are wont to call’ it mercurius dulcis: 

and yet this dulcification feems to be performed 
in a mechanical way. For moft part of the 
falts, that made the fublimate fo corrofive, a- 
bide in the mercurius dulcis; but by being 
compounded with more quickfilver, they are 
diluted by it, and (which is more confiderable) 
acquire a new texture, which renders them 
unfit to operate, as they did before, when the 
frettirig falts were not joined with a fufficient 
quantity of the mercury to inhibit their corro- 
five activity. It may perhaps fomewhat help 
us to conceive, how this change may be made, 
if we imagine, that a company of mere knife- 
blades be firft fitted with hafts, which will in 
fome regard leffen their wounding power by 
covering or cafing them at that end, which is 
defigned for the handle; (though their infer- 
tion into thofe hafts, turning them into knives, 
makes them otherwife the fitter to cut and 
pierce) and, that each of them be afterwards 
fheathed, (which is, as it were, a hafting of 
the blades too ;) for then they become unfit to 
cut or ftab, as before, though the blades be 
not deftroyed: or elfe we may conceive thefe 
blades without hafts or fheaths to be tied up in 
bundles, or as it were in little faggots with 
pieces of wood, fomewhat longer than them- 
felves, apportunely placed between them. For 
‘neither m this new .conftitution would they be 
fit to cut and ftab as before. And by conceiv- 
ing the edge of more or fewer of the blades 
to be turned inwards, and thofe, that are not, 
to have more or lefs of their points and edges 
to be fheatixed, or otherwife covered by inter- 
pofed bodies, one may be helped to imagine, 
how the genuine effects of the blades may be 
vanoufly leffened or diverfified. But, whether 
thefe, or any other like changes of difpofition 
be fancied, it may by mechanical dilluftrations 
become intelligrble, how the corrofive falts of 
common fublimate may lofe their efficacy, 

when they are united with a fufficient quantity 
of quickfilver in mercurtus dulcis: in which 
new ftate, the falts may indeed, in a chemical 
phrafe, be faid to. be fauated; but this chemi- 
eal phrafe dors not explicate, how: this fatura- 
tion takes away the corrofivenefs from ‘alts, 

that are full attmaliy prefent in the-{weet mer- 
cury. And by analogy to fome fuch explica- 
tion, as the above propofed, a-poffible account 
may be rendered, why fretting falts do either 
quite lofe their fharpnefs, as. alkalies, whilit 
they are imbodied with fand in-common glais; 
or Jofe much of their corrofive acidity, as oil 
of vitriol does, when with feel it compofes 
vitriolum martis; ‘or elfe are tranfmuted or 
Cifguifed by conjunction with fome cerroded 
bodies of a peculiar texture, as when aqua for- 
tis does with filver make an extremely bitter 
falt or vitriol, and with lead one, that is pofi- 
tively fwweet, almoft like cotimmon faccharum 
fatunn. | , 


EXPERIMENT XxX. 


rT O thew, how much the efficacy of a men- 
A. ftrumm may depend even upon fuch 
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feemingly flight mechanical circumftances, as 
one would not eafily fufpeét any neceffity of, 
I fhall employ an experiment, which, though 
the unpractifed may eafily fail of making well, 
yet, when J tried it after the beft manner, I 
did it with good fuccefs. I pyt then upon 
lead a-good quantity of well rectified aqua-for- 
tis, in which the metal, as I expected, con- 
tinued undiffolved; though, if the chemifts 
fay truly, that the diffolving power of the 
menftruum confifts, only in the acid falts, that 
it abounds with, it feems naturally to follow, 
that the more abundance of them there is in a 
determinate quantity of the liquor, it fhould 
be the more powerfully able to diffolve metal- 
line and mineral bodies. And in effect, we 
fee, that, if corrofive menftruums be not fuf- 
ficiently dephlegmed, they will not work on 
divers of them. But, notwithftanding this 
plaufible doctrine of the chemifts, conjecturing, 
that the faline particles, that fwam in our aqua 
fortis, might be more thronged together, than 
was convenient for a body of fuch a texture of 
{aline parts, and fuch intervals between them, 
I diluted the menftruum, by adding to it what 
I thought fit of fair water, and then found, 
that the defired congruity betwixt the agent 
and the patient emerged, and the liquor quick- 
ly began to fall upon the metal, and diffolve 
it. And if you would try an experiment to 
the fame purpofe, that needs much lefs cir- 
cumfpection to make it fucceed, you may, 
inftead of employing lead, reiterate what I 
elfewhere mention my felf to have tried with 
filver, which would not diffolve in too ftrong 
aqua-fortis, but would be readily fallen upon 
by that liquor, when I had weakened it with 
compjon water. , 
Awnp this it may fuffice to have faid at pre- 
fent of the power or faculty, that is found in 
fome bodies of corroding or diffolving others. 
Whereof I have not found among the Arifto- 
telians, I have met with, fo much as an offer 
at an intelligible account. And I the lefs ex- 
pect the vulgar chemifts will from their hy- 
poftatical principles afford us a fatisfactory one, 
when, befides the particulars, that from the 
nature of the things, and He/moni’s writings, 
have been lately alledged againft their hypo- 
thefis, I confider, how flight accounts they 
are wont to give us even of the familiar pha- 
nomena of cerrofive liquors, For if, for ex- 
ample, you afk.a vulgar chemift, why aqua- 
fortis diffolves filver and copper, it Is great 
odds but he will tell you, it is becaufe of the 
abundance of fretting falt, that is in it, and has 
a cogimation with ‘the falts of the metal. And 
if you afk him, why fpirit of falt diffolves cop- 
per, he will tell you it is for the fame reafon; 
and yet, if you put fprrit of falt, though = 
ftrong, to aqua-fortis, this liquor will not dif- 
folve filver, becaufe upon the mixture the 
liquors acquire a new conftitution as to the fa- 
line particles, ‘by virtue of which the mixture 
will diffolve, ‘inftead of filver, gold. "Whence 
we may argue againft the chemufts, that the 
inability of this compounded liquor to work on 
filver does not proceed from its being weakened . 
by the {pirit of falt; as well becaute, according 
to 
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to them, gold is far the more compact metal per. And to the fame purpofe, with this ex- 
of the two, and requires a more,potent men- periment I fhould alledge divers others, if J 
ftruum to work upon it, as becaufe this fame thought this the fitteft place, wherein I could 
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compounded liquor will readily diffolve cop- 


propofe them. 


SECTION IL. 


About the Mechanical Origin of CorrosiBILiry. 


ty, that anfwers corrofivenefs, he, that 
has taken notice of the advertifement 
I formerly gave about my ufe of the term * 
corrofivenefs, in thefe notes, may eafily judge, 
in what fenfe ] employ the name of the other 
quality ; which, whether you will ftile it op- 
pofite or conjugate, for want of a better word, 
I call corrofibility. 

Tuts corrofibility of bodies is, as well as 
their corrofivenefs, a relative thing; as we fee, 
that gold, for inftance, will not be diffolved 
by aqua fortis, but will by aqua regis; where- 
as filver is not foluble by the latter of thefe men- 
{truums, but is by the former. And this re- 
lative affection, on whofe account a body 
comes to be corrodible by a menftruum, feems 
to confift chiefly in three things, which all of 
them depend upon mechanical principles. 

Or thefe qualifications, the firft is, that the 
body to be corroded be furnifhed with pores 
of fuch a bignefs and figure, that the corpuf 
cles of the folvent may enter them, and yet 
not be much agitated in them, without giving 
brifk knocks or fhakes to the folid parts, that 
make up the walls, if I may fo call them, of 
‘the pores. And it 1s for want of this condi- 
tion, that glafs is penetrated in a multitude of 
places, but not difflipated or diffolved by the 
incident beams of light, which permeate its 
pores without any confiderable refiftance ; and 
though the pores and commiffures of a body 
were lefs minute, and capable of letting in fome 
eroffer corpufcles, yet if thefe were, for want 
of folidity or rigidnefs, too flexible, or were of 
a figure incongruous to that of the pores they 
fhould enter, the diffolution would not enfue; 
as it happens, when pure {fpirit of wine is in 


C ORROSIBILITY being the quali- 


the cold put upon falt of tartar, or when aqua, 


fortis is put upon powder or fulphur. 

Tue fecond qualification of a corrodible bo- 
dy is, that its confiftent corpufcles be of fucha 
bulk and folidity, as does not render them unr 
capable of being disjoined by the a¢tion of the 
anfinuating corpufcles of the menftruum. A- 


greeable to this, and the former obfervation, is. 


the practice of chemifts, who oftentimes, when 
they would have a body to be wrought on by 
a menftruum, otherwife too weak for it in its 
crude eftate, difpofe it to receive the a¢tion of 
the menftruum by previoufly opening it, (as 
they fpeak} that is, by enlarging the pores, 
making a comminution of the corpuicles, or 


weakening their cohefion. And we fee, that 
divers bodies are brought by fit preparations to 
be refoluble in liquors, that would not work 
on them before. ‘Thus, as was lately noted, 
lime-ftone by calcination becomes, in part, dif 
foluble in water; and fome metalline calces 
will be fo wrought on by folvents, as they 
would not be by the fame agents, if the prepa- 
ration of the metalline or other body had not 
given them a new difpofition. Thus, though 
crude tartar, efpecially in lumps, ts very flowly 
and difficultly diffoluble in cold water, yet 
when it is burnt, it may be prefently diffolved 
in that liquor; and thus, though the filings 
and the calx of filver will not be at all diffolved 
by common water, or fpirit of wine; yet if by 
the interpofition of the faline particles of aqua 
fortis, the lunar corpufcles be fo disjoined, and 
fuffer fuch a comminution as they do in cryftals 
of lune, the metal thus prepared and brought 
with its faline additament into a new texture, 
will eafily enough diffolve, not only in water, 
but, as] have tried, in well rectified fpirit of 
wine. And the like folubility I have found in 
the cryftals of lead, made with fpirit of verdi- 
greafe, or good diftilled vinegar, and in thofe 
of copper made with aqua fortts. 

THE laft difpofition to corrofibility confifts 
in fuch a cohefion of the parts, whereof a body 
is made up, as is not too ftrict to be fuperable 
by the action of the menftruum. This con- 
dition, though of kin to the former, is yet 
fomewhat differing from it, fince abody may 
confift of parts, either bulky or folid, which 
yet may touch one another in fuch {mall por- 
tions of their furfaces, as to be much more eafi- 
ly diffociable than the minute or lefs folid 

arts of another body, whofe contact is more 

ll and clofe, and fo their cohefion more 
ftrict. | 
_ By what hasbeen faid, it may feem probable, 
that, asI formerly intimated, the corrofibility 
of bodies is but a mechanical relation, refult- 
ing from the mechanical affections and con- 
texture of its parts, as they intercept pores of 
fuch fizes and figures, as make them congruoug — 
to thofe of the corpufcles of the menftruum, 
that are to pierce between them, and disjoin 
them. 

Tuat the quality, that difpofes the body 
it affeéts to be diffolved by corrofive and other 
menftruums, does, as hath been declared, in 
many cafes depend upon the mechanical tex- 

ture 


* See the beginning of the firft Section, 
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ture and affections of the body in reference to 

‘the menftruum, that is to work upon it, may 
be made very probable, by what we are in due 
place to deliver concerning the pores of bodies 
and figures of corpufcles. But yet in compli- 
ance with the defign of thefe notes, and agree- 
ably to my cuftom on other fubjects, I thall 
fubjoin a few experiments on this occafion alfo. 


EXPERIMENT IL 


ia we put highly rectified {pirit of wine upon 
crude fulphur, or even flowers of fulphur, 
the liquor will lie quietly thereon, efpecially in 
the cold, for many hours and days, without 
making any vifible folution of it; and if fuch 
exactly dephlegmed {pirit were put on very 
dry falt of tartar, the {alt would lie in an un- 
diffolved powder at the bottom: and yet, if 
before any liquor be employed, the fulphur be 
cently melted, and thenthe alkali of tartar be by 
degrees put to it, and incorporated with it ; 
as there will refult a new texture difcoverable 
to the eye by the new colour of the compofi- 
tion, fo there will emerge a difpofition, that 
was not before in either of the ingredients, to 
be diffolved by fpirit of wine ; infomuch, that 
though the mixture be kept till it be quite cold, 
or long after too, provided it be carefully fe- 
cured from the accefs of the air, the fpirit of 
wine being put to it, and fhaken with it, will, 
if you have gone to work aright, acquire a 
yellow tincture in a minute of an hour; and 
perhaps in lefs than half a quarter of an hour 
a red one, being richly impregnated with ful- 
phureous particles difcoverable by the {mell, 
tafte, and divers operations. 


EXPERIMENT IL. 


| T is known to feveral chemifts, that {pirit 

of fale does not diffolve crude mercury in 
the cold; and I remember, I kept them / a 
confiderable time in no contemptible heat with- 
out finding any folution following. But I fup- 
pofeé, many of them will be gratified by an 
experiment once- mentioned to -me by an in- 
genious German gentleman, namely, that if 
mercury be precipitated per fe, thatis,, reduced 
to ared powder without additament, by the 
mere opefation of the fire, the texture will be 
fo changed, that the abovementioned fpirit 
will readily diffolve it ;°for I found it upon 
trial to do fo; nay, fometimes fo readily, that 
I fcarce remember, that I ever faw any men- 
ftruum fo nimbly diffolve any metalline body 
whatfoever. 


EXPERIMENT. IL 


fie former experifent is the more re- 
markable, becaufe, that though oil of 
‘vitriol will in a good heat corrode quickfilver, 
(as we have already related in the firft fection,) 
yet I remember I kept a precipitate per fe for 
divers hours in a confiderable degree of heat, 
without finding it to be diffolved or corroded 
‘by the menftruum. And yet having, for trial’s 
fake, put another parcel of the fame mercurial 
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powder into fome aqua fortis, or f{pirit of ni- 
tre, there enfued a fpeedy diffolution even in 
the cold. 

_Awnp that this difpofition to be diffolved by 
fpirit of falt, that mercury acquires by being 
turned into precipitate per fe, that is, by being 
calcined, is not merely the effect of the ope- 
ration of the fire upon it, but of fome change 
of texture produced by that operation; may 
be probably argued from hence, that, whereas 
{pirit of falt is a very proper menftruum, as I 
have often tried, for the diffolving of iron or 
{teel ; yet, when that metal is reduced by the 
action of the fire (efpecially if a kind of vi- 
trification, and an irroration with diftilled 
vinegar have preceded) to crocus martis, 
though it be thereby brought to a very fine 
powder, yet I found not, that, as fpirit of 
falt will readily, and with heat and noife, diffolve 
filings of mars, fo it would have the fame or 
any, thing near fuch an operation upon the 
crocus ; but rather, after a good while, it 
would leave in the bottom of the glafs acon- 
fiderable, if not the greateft part of it {carce, 
if atall, fenfibly altered. And the menftruum 
feemed rather to have extracted a tinéture; 
than made an ordinary folution ; fince the co- 
Jour of it was ahigh yellow or reddifh, where- 
as mars, diffolved in fpirit of falt, affords a 
green folution. | Whether by repeated opera- 
tions with frefh menftruum further diffolutions 
might in time be made, I had not occafion to 
try, and it may fuffice for our prefent purpofe, 
that mars, by the operation of the fire, did evi- 
dently acquire, not, as mercury had done, a 
manifeft facility, but on the contrary, a great 
indifpofition to be diffolved by fpirit of falt. 

. To fecond this experiment, we varied it, by 
employing, inftead of fpirit of falt, ftrong oil 
of vitriol, which being poured on a little cro- 
cus martis made per fe, did not, as that men- 
{truum is wont do upon filings of crude mars, 


; readily and manifeftly fall upon the powder 


with froth and noife, but, on the contrary, 
refted for divers hours calmly upon it, without 
fo much as producing with ic any fenfible 
warmth. Lo 


EXPERIMENT WV. 


T agrees very well with our doétrine about 

the dependants of the corrofibility of bo- 
dies upon their texture, that from divers bo- 
dies, whilft they are in conjunction with o- 
thers, there refult maffes, and thofe homoge- 
neous as to fenfe, that are eafily diffoluble in 
liquors, in which a great part of the matter, 
if jt were feparated from the reft, would not 
be at all difolved. Thus we fee, that com- 


- mon vitriol is eafily diffolved in mere water ; 


whereas if it be fkilfully calcined,. it will yield 
fometimes near half its firft weight of infipid 
colcothar, which not only is not foluble in 
water, but which neither aqua fortis nor aqua 
regis, though fometimes they-will colour them- 
felves upon it, are able, as far as I -have tried, 
to make folutions of. We fee likewife, that 


imple water will, being boiled for a compe- 


tent time with hart’s-horn, diffolve it and 
make a jelly of it: and yet, when we have 
taken 
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taken harts-horn throughly calcined to white- 
nefs, not only we found, that common water 
was no longer a fit folvent for it, but we ob- 
ferved, that when we put oil of vitriol itfelf 
upon it, a good part of the white powder was 
even by that corrofive menftruum left undif- 
folved. 


EXPERIMENT VV. 


N the fifteenth of the foregoing experi- 
ments I refer toa way of making the flow- 
er or powder of common fulphur become ea- 
fily diffoluble, which otherwife it is far from 
being, in highly rectified fpirit of wine. Whoere- 
fore I fhall now add, that it is quickly per- 
formed by gently melting the fulphur, and in- 
corporating with it by degrees an equal ora 
greater weight of finely powdered falt of tar- 
tar, or of Axed nitre. For if the mixture be 
put warm into a mortar, that is fo too; and 
as foon as it reduced to powder, but put into 
a glafs, and well fhaken with pure fpirit of wine, 
it will, (as perhaps I may have clfewhere ob- 
ferved) in a few minutes acquire a yellow co- 
lour, which afterwards will grow deeper, and 
manifeft ittelf by the fmell and effects to be a 
real folution of fulphur; and yet this foluble- 
nefs in fpirit of wine feems procured by the 
change of texture, refuliing from the commix- 
tion of nvre fale o. tartar, which chemifts 
know, to their trouble, to be itfelf a body al- 
moft as difficule 2s fulphur to be diffolved in 
phiegemlefs fpirit of wine, unlefs the con{titu- 
tion of it be firft altered by fome convenient 
additament. Which laft words I add, be- 
caufe, though fpirit of verdigreafe be a men- 
ftruum, that ufes to come off in diftillation 
much more intirely than other acid menftruums 
from the bodies it has diffolved ; yet it will 
ferve well for an additament to open (as the 
chemifts fpeak) the body of the falt of tartar. 
For this purpofe I employ fpirit of verdigreafe, 
not made firft with fpirit of vinegar, and then 
of wine, after the long and laborious way pre- 
{cribed by Bafilius and Zwelfer, but eafily and 
expeditioufly by a fimple diftillation of crude 
verdigreafe of the better fort. For when you 
have with this liquor (being, if there be need, 
once rectified) diffolved as much good falt of 
tartar, as it will take up in the cold, if you 
draw off the menftruum ad /iccitatem, the re- 
maining dry fale will be manifeftly altered in 
texture even tothe eye, and will readily enough, 
in high rectified fpirit of wine, afford a folution, 
which I have found confiderable in order to 
divers ufes, that concern not our prefent dif- 
courte. 


EXPERIMENT VI. 


O the confideration of the followers of 
'Helmont 1 fhall recommend an experi- 
ment of that famous chemift’s, which feems to 
fute exceeding well with the doétrine propofed 
in this feCtion. For he tells us, that, if by a 
fubtle menitruum, to which he afcribes that 
power, quickfilver be divefted (or deprived) 
of its external fulphur, as he terms it, all the 
Vo. III. 
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reft of the Auid metal, which he wittily enough 
{tiles the kernel of mercury, will be no lon- 
ger corrofible by it. So that upon this fup- 
polition, though common quickfilver be ob- 
ferved to be fo obnoxious to aqua-fortis, that 
the fame quantity of that liquor will diffolve 
more of it, than of any other metal; yet, if 
by the deprivation of fome portion of it the 
Jatent texture of the metal be altered, though 
not (that I remember) the vifible appearance 
of it; the body, that was before fo eafily dif- 
folved by aqua fortis, ceafes to be at all diffo- 
luble by it, 


EXPERIMENT VI, 


AS for thofe chemifts of differing fects, 
that agree in giving credit to the ftrange 
things, that are affirmed of the operations of 
the alkaheft, we may in favour of our doétrine 
urge them with what is celivered by Lie/inont, 
Where he afferts, that all folid bodies, as ftones, 
minerals, and metals themfelves, by having 
this liguor duly abftracted or diftilled off from 
them, may be changed into falt, equiponde- 
rant to the reipective bodies whereon the men- 
ftruum was put. So, that fuppofing the al- 
kaheft to be totally abftra¢ted, (as it feems 
very probable to be, fince the weight of the 
body, whence it was drawn off, is not altcred ;) 
what other change, than of texture, can be rea- 
fonably imagined to have been made in the 
tran{muted bodies? and yet divers of them, 
as Hints, rubics, fapphires, gold, filver, &c. 
that were infoluble before, fome of them in 
any known menftruums, and others in any 
but corrofive liquors, come to be capable of 
being diffolved in common water. 


EXPERIMENT VIII. 


T is a remarkable phenomenon, that fuits 
very well with our opinion about the inte- 
re{t of mechanical principles in the corrofive 
power of menftruums, and the corrofibility of 
bodies, that we produced by the following ex- 
periment: this we purpofcly made to fhew, 
after how differing manners the fame body may 
be diffolved by two menftruums, whofe minute 
parts are very differingly conftituted and agi- 
tated. For whereas it is known, that if we put 
large grains of {ca falt into common water, they 
will be diffolved therein, calmly and filently, 
without any appearance of conflict; if we put 
fuch grains of falt into good oN of vitriol, that 
liquor will fall furiouly upon them, and pro- 
duce for a good while a hiffing noife with 
fumes, and a great ftore of bubbles, as if a po- 
tent menftruum were corroding, fome ftubborn 
metal or mineral. And this experiment I the 
rather mention, becaufe it may be of ute to us 
on divers other occafions. For elfeit is not the 
only, though it be the remarkableft, that I 
made to the fame purpofe. 


EXPERIMENT IX. 
OR, whereas aqua fortis, or aqua regis, 


being poured upon filings of copper, will 
Y work 
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work upon them with much noife and ebulli- 
tion, I have tried, that fpirit of fal armoniac 
or urine, being put upon the like filings, and 
left there without {topping the glafs, will quick- 
ly begin to work on them, and quietly diffolve 
them almoft as water diffolves fugar. To 
which may be added, that even with oil of 
turpentine I] have, though but flowly, diffolved 
crude copper; and the experiment feemed to 
favour our conjecture the more, becaufe hav- 
ing tried it feveral times, 1t appeared, that 
common unrectified oil would perform the fo- 
lution much quicker than that, which was pu- 
rified and fubtilized by rectification; which 
though more fubtle and penetrant, yet was, it 
feems, on that account lefs fit to diffolve the 
metal, than the groffer oil, whofe particles 
might be more folid, or more advantageoufly 
fhaped, or on fome other mechanical account 
better qualified for the purpofe. 


EXPERIMENT X. 
4 Rea good filver, and, having diffolved 


it in aqua-fortis, precipitate it with a fuf- 
ficient quantity of good fpirit of falt; then hav- 
ing wafhed the calx, which will be very white, 
with common water, and dried it well, melt 
it with a moderate fire into a fufible mafs, 
which will be very much of the nature of what 
chemifts call cornu luna, and which they make 


by precipitating diffoved filver with a bare fo- 


lution of common falt made in common wa- 
ter. And whereas both ipirit of fale and filver, 
diffolved in aqua fortis, will each of them a- 
part readily diffolve in fimple water, our luna 
cornea not only will not do fo, but is fo indil- 
pofed to diffolution, that 1 remember I have 
kept it in digeftion, fome in aqua fortis, and 
fome in aqua regia, and that for a good while, 
and in no very faint degree of heat, without 
being able to diffolve it like a metal, the men- 
{truums having indeed tinged themfelves upon 
It, but left the compofition undiffolved at the 
bottom. 

WitTH this inftance (of which fort more 
might be afforded by chemical precipitations) 
I fhall conclude what I defigned to offer at 
prefent about the corrofibility of bodies, as it 
may be confidered in a more general way. 
For as to the difpofition, that particular bo- 
dies have of being diffolved in, or of refift- 
ing determinate liquors, it were much eafier 
for me to enlarge upon that fubject, than it 
was to provide the inftances above recited. 
And thefe are not fo few, but that it is hoped 
they may fuffice to make it probable, that in 
the relation betwixt a folvent and a body it is 
to work upon, that, which depends upon the 
mechanical affections of one or both, is much 
to be confidered, and has a great intereft in 
the operations of one of the bodies upon the 
other. 
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CHEMICAL PRECIPITATION. 


ADVERTISEMEN T. 


HIOUGH I fhall not deny, that, in 
orammatical ftrictnefs, precipitation 
fhould be reckoned among chemical 
operations, not qualities; yet I did not much 
{cruple to infert the following difcourfe among 
the notes about particular qualities, becaufe 
many, if not moft of the phanomena, men- 
tioned in the enfuing effay,- may be confidered 
as depending, fome of them, upon a power, 
that certain bodies have to caufe precipitation, 
and fome upon fuch a difpofition, ta be ftruck 
down by others, a3 may, if men pleafe, be 
called precipitabiliry. And fo thefe differing 
affeG@tions may, with (at leaft) tolerable con- 
gruity, be referred to thofe, that we have elfe- 
where ftiled chemical qualities. 

But though, I hope, I may, in thefe few 
lines, have faid enough concerning the name 
given to thefe attributes, yet, perhaps, it will 
be found in time, that the things themfelves 
may deferve a larger difcourfe, than my little 
leifure would allow them. For, that is not a 
caufelefs intimation of the importance of the 
fybjeét, wherewith I conclude the following 
tract; fince, befides that, many more inftances 


might have been particularly referred to the 
heads treated of in the enfuing effay, there are 
improper kinds of precipitation, (befides thofe 
mentioned in the former part of the difcourfe) 
to which one may not incongruoufly refer di- 
vers of the phenomena of nature, as well in 
the greater as in the leffer world, whereof either 
no caufes at all, or but improper ones, are 
wont to be given. And, befides the fimple 
{pirits and falts ufually employed by chemifts, 
there are many compounded and decompound- 
ed bodies, not only factitious, but natural, (and 
fome fuch, as one would {carce fufpect) that 
may, in congruous fubjects, produce fuch pre- 
cipitations, as I fpeakof. And the phzno- 
mena and confequents of fuch operations may, 
in divers cafes, prove conducive both to the 
difcovery of phyfical caufes, and the produc- 
tion of ufeful effects; though the particula- 
rizing of fuch phenomena do rather belong 
to a hiftory of precipitations, than to fuch a 
difcourfe as that, which follows, wherein I pro- 
pofed not fo much to deliver the latent my- 
{teries, as to inveftigate the mechanical caufes 
of precipitation. 


Of the MECHANICAL Causes of CHEMICAL 
PRECIPITATION. 


CHAP. L 


B: precipitation is here meant, fuch an 


agitation or motion of a heterogeneous 

liquor, as in no long time makes the 
parts of it fubfide, and that ufually in the form 
of a powder, or other confiftent body. 

2 


As, on many occafions, chemifts call the 
fubftance, that is made to fall to the bottom of 
the liquor, the precipitate; fo, for brevity-fake, 
we fhall call the body, that is put into the li- 
quor to procure that fubfiding, the precipitant ; 
as alfo that, which is to be ftruck down, the 
precipitable fubftance or matter, and the liquor, 

wherein 
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wherein it fwims before the feparation, the 
wicaftruum or folvent. 

Wren a haity fall of a heteregeneous body 
is procuicad by a precipitant, the operation is 
called precipitation, tn the proper or itrict fenfe : 
but when the feparation is made without any 
fuch addition, or the fubftance, feparated from 
the Huid part of the liquor, inftead of fubfiding 
emerges, then the word is ufed in a more com- 
prehentive, but lefs proper acceptation. 

As for the caufes of precipitation, the very 
name itfelf, in its chemical fenfe, having been 
{carce heard of in the peripatetick {chools, it is 
not to be expected, that they fhould have given 
us an account of the reafons of the thing. And 
it is like, that thofe few Ariftotelians, that 
have, by their converfe witn the laboratories or 
writings of chemilts, taken notice of this opera- 
tion, would, according to their cuftom on fuch 
occafions, have recourfe for the explication of 
it to fome fecret fympathy or antipathy be- 
tween the bodies, whofe action and re-action 
intervenes in this operation. 

But if this be the way propofed of account- 
ing for it, 1 fhall quickly have occafion to fay 
femewhat to it, in confidering the ways pro- 
pofed by the chemifts, who were wont to refer 
precipitation, either, as is moft ufual, to a fym- 
pathy betwixt the precipitating body and the 
menttruum, which makes the folvent run to 
the embraces of the precipitant, and fo let fall 
the particles of the body fuftained before; or 
(with others) to a great antipathy, or contra- 
riety between the acid falt of the menftruum 
and the fixed falt of the oil, or folution of cal- 
cined tartar, which is the moft general and 
ufual precipitant they employ. 

But I fee not, how either of thefe caufes 
will either reach to all the phznomena, that 
have been exhibited, or give a true account 
even of fome of thofe, to which it feems ap- 
plicable. For firft, in precipitations, wherein 
what they call a fympathy between the liquors, 
is fuppofed to produce the effect, this admired 
fympathy does not (in my apprehenfion) evince 
fuch a myfterious occult quality, as 1s prefumed, 
but rather confifts in a greater congruity, as to 
bignefs, {hape, motion, and pores of the mi- 
nute parts between the menftruum and the pre- 
cipitant, than between the fame folvent and 
the body it kept before diffolved. And though 
this fympathy, rightly explained, may be al- 
lowed to have an intereft in fome fuch preci- 
pitations, as let fall the diffolved body in its 
priftine nature and form, and only reduced in- 
to minute powder; yet I find not, that, in the 
generality of precipitations, this doctrine will 
hold; for in fome, that we have made of gold 
and falver in proper menftruums, after the 
fubfiding matter had been well wafhed and 
dried, feveral precipitates of gold made, fome 
with oil of tartar, which abounds with a fixed 
falt, and is the ufual precipitant, and fome with 
an urinous {pirit, which works by virtue of a 
falt highly fugitive, or volatile, I found the 
powder to exceed the weight of the gold and 
filver 1 had put to diffolve ; and the eye itfelf 
fufficiently difcovers fuch precipitates not to be 
mere mietalline powders, but compofitions, 

2 


whofe confifting, not (as hath been by fome- 
body fufpected) of the combined falts alone, 
but of the metalline parts alfo, may be ftrong- 
ly concluded, not only from the ponderoufneis 
of divers of them, in reference to their bulk, 
but alfo manifeftly trom the reduction of true 
malleable metals from feveral of them. 
CHAP. IL 

TIE other chemical way of explicating 

precipitations may, in a right fenfe, be 
made ufe of by a naturalift on fome particular 
occafions. But I think it much too narrow 
and defective, as it is ina general way propofed, 
to be fit to be acquiefced in. For firft it is 
plain, that it is not only falt of tartar, and other 
fixed alkalies, that precipitate moft bodies, that 
are diffolved in acid menitruums; as in making 
of aurum fulminans, oil of tartar precipitates 
the gold out of aqua regis: but acid liquors 
themfelves do, on many occafions, no lefs 
powerfully precipitate metals and other bodies 
out of one another. ‘Thus, {pirit of falt (as I 
have often tried) precipitates filver out of aqua 
fortis : the corrofive fpirit of nitre copioufly pre- 
cipitates that white powder, whereof they make 
bezoardicum minerale: {pirit or oil of fulphur, 
made by a glafs bell, precipitates corals, pearls, 
&c. diffolved in fpirit of vinegar, as is known 
to many chemifts, who now ufe this oleum ful- 
phuris per campanam, to make the magiftery 
of pearls, &c. for which vulgar chemifts em- 
ploy oleum tartari per deliquium. 

T have fometimes made a menftruum, where- 
in, though there were both acid and alkalizate 
falts, yet I did not find, that either acid fpirits, 
or oil of tartar, or even fpirit of urine, would 
precipitate the diffolved fubftances. 

Anpb [have obferved, both that falts of a 
contrary nature will precipitate bodies out of 
the fame menftruum, as not only falt of tartar, 
but fea-falt, being diffolved, will precipitate 
each other, and, each of therm apart, will preci- 
pitate filver out of aqua fortis; and that even, 
where there is a confeffed contrariety betwixt 
two liquors, it may be fo ordered, that neither 
of them {hall precipitate what is diffolved by 
the other; of which I fhall have occafion to 
give, ere long, a remarkable inftance. 

But it will beft appear, that the above- 
mentioned theories of the Peripateticks and 
chemifts are at leaft infufficient to folve the 
phznomena (many of which were probably 
not known to moft of them, and perhaps not 
weighed by any,) if we proceed to obferve the 
mechanical ways, by which precipitations may 
be accounted for; whereof I fhall, at prefent, 
propofe fome number, and fay fomewhat of 
each of them apart; not that I think all of 
them to be equally important and comprehen- 
five, or that I abfolutely deny, that any one of 
them may be reduced to fome of the other ; 
but that I think, ic may better elucidate the 
fubject, to treat of them feverally, when I fhall 
have premifed, that I would not thence infer, 
that though, for the moft part, nature does 
principally effect precipitations by one or other 
of thefe ways, yet, in divers cafes, fhe may not 

employ 
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employ two, or more of them, about perform- 
ing the operation. 

To precipitate the corpufcles of a metal out 
of a menftruum, wherein, being once thorough- 
ly diffolved, it would, of itfelf, continue in that 
{tate, the two general ways, that the nature of 
the thing feems to fuggeft to him, that confi- 
ders it, are, either to add to the weight or bulk 
of the diffolved corpufcles, and thereby render 
- them unfit to accompany the particles of the 
menftruum in their motions; or to weaken the 
fuftaining power of the menftruum, and there- 
by difable it to keep the metalline particles 
fwimming any longer: which falling of the de- 
ferted parts of the metal, or other body, does 
oftentimes the more eafily enfue, becaufe in 
many cafes, when the fuftaining particles of the 
menftruum come to be too much weakened, 
that proves an occafion to the metalline cor- 
pufcles, difturbed in the former motion, that 
kept them feparate, to make occurfions and 
coalitions among themfelves, and their fall be- 
comes the effect, though not equally fo, of 
both ways of precipitation ; as on the other 
fide, there are feveral occafions on which the 
fame precipitant, that brings the fwimming 
particles of the metal to ftick to one another, 
does likewife, by mortifying or difabling the 
faline fpirits, or other parts of the folvent, 
weaken the fuftaining power of that liquor. 


CHAP. II. 


[TAO defcend now to the diftin@ confidera- 
tions about thefe two ways: the firft of 
the moft general caufes of precipitation is fuch 
a cohefion procured by the precipitant in the 
folution, as makes the compounded corpufcles, 
or at leaft the affociated particles of the dif- 
folved body, too heavy to be fuftained, or too 
bulky to be kept in a ftate of fluidity by the 
liquor. a . 
THAT in many precipitations there is made 
a coalition betwixt the {mall parts of the preci- 
pitant, and thofe of the diffolved metal, or 
other body and frequently alfo, with the faline 
fpirits of the menftruum, may be eafily fhewn, 
by the weight of the precipitate, which, though 
carefully wafhed and dried, often furpaffes, and 
f{ometimes very confiderably, that of your crude 
metal, that was diffolved ; of which we lately 
gave an inftance in aurum fulminans, and pre- 
cipitated filver; and we may yet give a more 
confpicuous one, in that, which chemifts call 
luna cornea: for, if having diffolved filver in 
good aqua fortis, you precipitate it with the fo- 
lution of fea fale in fair water, and from the 
very white precipitate wath the loofe adhering 
falts, the remaining powder, being dried and 
flowly melted, will look much lefs like a me- 
talline body, than like a piece of horn, whence 
alfo it takes its names fo confiderable is the 
additament of the faline to the metalline parti- 
les. - 
° Anp that part of fuch additaments is re- 
tained, may not only be found by weighing, 
but, in divers cafes, may be argued from what 
is obvious to the eye: as if you diffolve mer- 
cury in aqua fortis, and into the philtrated 


folution drop fpirit of falt, or falt water, or 
an urinous fpirit, as of fal armoniac, you will 
have a very white precipitate ; but if, inftead 
of any of thefe, you drop in deliquared fale 
of tartar, your precipitate will be of a brick, 
or orange colour. From which experiment, 
and fome others, I would gladly take a rife to 
perfuade chemifts and phyficians, that it is not 
fo indifferent, as thofe feem to think, who look 
on precipitation but as a kind of comminution, 
by what means the precipitation is performed. 
For, by reafon of the ftrict adhefion of divers 
faline particles of the precipitant and the fol- 
vent, the precipitated body, notwithftanding all 
the wonted ablutions, may have its qualities 
much diverfified by thofe of the particles of the 
liquors, when thefe are fitted to ftick very faft 
toit. Which laft words I add, becaufe, though 
that fometimes happens, yet it does not always, 
there being a greater difference, than every bo- 
dy takes notice of, between precipitations ; as 
you will be induced to think, if you precipitate 
the folution of filver with copper, with fpirit of 
fal armoniag, with falt water, with oil of tartar, 
with quickfilver, with crude tartar, and with 
zink, And in the lately propofed example, 
you will think it probable, that it is not all one, 
whether to diffolved mercury or filver, you 
employ the fubtile diftilled fpirits of falt,. or 
the grofs body, whether in a dry form, or 
barely diflolved in common water. And thus 
much of the conducivenefs of weight to the 
{triking down the corpufcles of a diffolved 
body. 

Tuat alfo the bulk of a body may very 
much contribute to make it fink or fwim in a 
liquor, appears by obvious inftances. Thus fale 
or fugar, being put into water, either in lumps 
or even in powder, that is but grofs, falls at 
firft to the bottom, and lies there, notwith- 
ftanding the air, that may be intercepted be- 
tween its parts, or externally adhere to it. But 
when, by the infinuating action of the water, it 
it is diffolved into minute particles, thefe are 
carried up and down with thofe of the liquor, 
and fubfide not. The like happens, when a 
piece of filver is caft into aqua fortis, and in 
many other cafes. 

On the other fide I have feveral times ob- 
ferved, that fome bodies, that had long fwam 
ina menftruum, whilft their minute parts were 
kept from convening in it, did afterwards, by 
the coalition of many of thofe particles into bo- 
dies of a vifible bulk, coagulate and fubfide, 
(though fometimes, to hinder the evaporation 
of the menftruum, the veffels were Kept ftop- 
ped.) Of this I elfewhere mention divers ex- 
amples ; and particularly in urinous and ani- 
mal fpirits, well dephlegmed, I have found, 
that after all had, for a confiderable time, con- 
tinued in the form of a perfect liquor, and as 
to fenfe homogeneous, ftore of folid -crpufcles, 
convening together, fettled at the bottom of 
the glaffes in the form of faline cryftals. Hav- 
ing alfo long kept a very red folution cf ful- 
phur firft unlocked, (as they fpeak) made with 
highly rectified {pirit of urine, I obferved, that 
at length the fulphureous particles, making lit- 
tle concretions between themfelves, totally fub- 
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fided, and left the liquor almoft devoid of tinc- 
ture. By which you may fee, that it was not 
impertinent to mention (as I lately did) among 
the fubordinate caufes of precipitation, the affo- 
ciating of the partitles of a diffdlved body with 
ene another. Of whith I elfewhere give a no- 
table exainple in the fhining powder, that I ob- 
fained from gold diffolved in a peculiar men- 
ftruum, without any precipitant; by the coalt- 
tion of the metalline particles, to which a tract 
of time gave opportunity to meet and adhere 
in a convenient manner. 

Ir in what the chemifts cal! precipitate per 
Je, the mercury be indeed brought to lofe its 
fluidity, and become a powder without bemng 
compounded with any additional body, (which 
doubt I elféwhere ftate and difcourfe of,) it will 
afford us a notable inftance to prove, that the 
coalitions of particles into clufters of the felf- 
fame matter will réader them unfit for the 
motion requifite to fluidity. “For, in this odd 
precipitation by fire, wherein the fame men- 
Hruum is both the liquor and the precipitate, 
béing not all made at once, the corpufcles, 
that firft difclofe themfelves by their rednefs, 
are rejected by thofe of the mercury, that yet 
remains fluid, as unable to accompany them in 
thé motions, that belong to mercury as fuch. 


CHAP. IV. 


Be ORE I difmifs that way of precipita- 
ting, that depends upon thé unwieldinefs, 
which the precipitant gives to the body it is to 
ftrike down, it may not be imperfinent, efpe- 
cially in reference to the foregoing part of this 
paper, to confider, that perhaps, in divers cafes, 
the corpuicles of a diffolved body may be 
made unfit to bé any longer fuftained in the 
menitruum, though the precipitant adds very 
litele to their bulk, or at leaft, much more to 
their {pecific weight than to it. For I have 
elfewhere fhewn, that in divers folutions made 
of bodies by acid menftruums, there are either 
generated or extricated many {mall aerial par- 
ticles ; and it will be eafily granted, that thefe 
may be {mall enough to be detained in the 
pores of the liquor, and be invifiblé there, if 
we confider, what:a multitude of aerial and 
formerly imperceptible bubbles is afforded by 
common water in our pneumatical receivers, 
when the incumbent air, that before preffed the 
liquor, is pumped out. And if the corpufcles 
of the diffolved body have any little cavities of 
pores fit to lodge aerial particles, or have afpe- 
rous furfaces, between whofe prominent parts 
the generated air may conveniently lie; in 
fuch cafes, I fay, thefe invifible bubbles may 
be looked upon, as making with the folid cor- 
pulcles they adhered to, little aggregates much 
kighter in fpecie than the corpufcles themfelves 
would be; and confequently if the precipitant 
confift of particles of fuch a fize and fhape as 
are fit to expel thefe little bubbles, and lodge 
_ themfelves in the cavities poffeffed by them 
before, there will be produced new agore- 
gates compofed of the corpufcles of the dif- 
folved body and the particles -of the precipi- 
tant ; which aggregates, ‘though they do take 
-. 2 
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up very little, or perhaps not at all more room 
(taking that word ina popular fenfe) than thofe, 
whereof the aerial bubblés made a part, will 
yet be fpecifically heavier than the former ag- 
gregates were, and may thereby overcome the 
fuftaining powér of the menftruum. 

Owe thing more may be fit to be taken no- 
tice of before we pais on further, namely, that 
it is upon the feore of the fpecifick gravity of 
& body, and not barely upon the action of the 
pfecipitant, that an ag¢repate, or a convention, 
of particles, does rather fall to the bottom than 
fife to the top. For, though the agents, that 
ptocured the coalition, maké thé clufter of 
particles become of abulk too unwieldy to con- 
tinue in the liquor as parts of it ; yet if each of 
them be lighter in fpecie than an equal bulk of 
the menftruum, or if théy fo convene, as to in- 
tércept a fufficient number of Iictle bubbles or 
aerial corpufcles between them, and fo bé- 
cotne lighter than as muck of the mienftruum, 
as they take up the room of, fhey will not be 
precipitated bit-emherge; as may be feen in the 
preparation of thofe magifteries of vegétablés; 
} elfewhere mention; where forné deéply co- 


.Joured plants being made to tifge plentifully 


the lixivium they are boiled in, are afterwards _ 
by the addition of alum made to curdle, as it 
were, into coloured concretions, which being 
(totally or in part) too big to fwim, as they did 
before they convened, and too light in com- 
parifon of the menftruuiin to fubfide, emerge 
to the top, and float there. An eafier and 
neater example to fhe fanre purpofe, I rememm- 
ber I fhewed by diffolving camphiré in highly 
rectified fpirit of wine, till the folution was ye- 
ry fitong. For though thé camphire, whet 
put in lumps into the fpirit, funk to the bot 
tom of it; yet, when gootl ftore of water, (2 
liquor fomewhat heavier in fpecie than cam- 
phire,) was pouréd: upon the folution, the cam- 
phire quickly concreted and returned to its owh 


nature, and within a while emerged to the 


top of the mingled liquors and floated there: 
Thefe particulars I was willing to méntiofi 
here, that I might give an inftance or two of 
thofe precipitations, that I formerly fpakée of 


as improperly fo called. And here I muft not 


decline taking notice of a phenomenon, thaé 
fometimes occurs in precipitations, and at, firft 
fight may feem contrary to our dottrine about 
them. For now and then it happens, that 
after fome drops of the precipitant have bég‘urr 
a precipitation atthe top or bottom of the fol- 
vent, one fhakes'the veffel, that thé preéipi- 
tant may be the fooner diffufed through thé 
other liquor, but’ then they are quickly fui= 
prized to find, that inftead of haftehing thé 
compleat precipitation, the matter already pré 
cipitated difappears, and the folvent retutris to 
be clear, or, as to fenfe, as uniform, ds it was 
before the precipitant was put into it, But this 
phenomenon does nof at all crof§ our theory; 
For, when this happens, though that part of 
the folvent, to which the pfettpitant redtlies, 
is difabled for réafons mentioned in. this dif 
courfe to fupport the diffolved body, yet this 
quantity of the’ precrpitant is bat {niall in pro- 
portion to the whole bulk of the félvent. And 
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therefore, when the agiration of the veffel dif- 
perfes the clufters of loofly concreted particles 
through the whole liquor, (which ts feldom fo 
exactly propofttioned to the body it was to 
work on, as to be but juft ftrong enough to 
diffolve it) that greater part of the liquor, to 
which before the fhaking of the veffel the pre- 
cipitant did not reach, may well be looked up- 
on as a frefh menftruum, which is able to 
mortify or overpower the {mall quantity of the 
precipitant, that is mingled with it, and fo to 
deftroy its late operation on the body diffolved, 
by which means the folution returns, as to 
fenfe, to its former ftate. Which may be il- 
luftrated by anot unpleafant experiment, I re- 
member, I have long fince made by precipi- 
tating a brick-coloured powder out of a {trong 
folution of fublimate made in fair water. For 
this fubfiding matter, being laid to dry in the 
philter, by which it was feparated from the 
water, would retain adeep, but fomewhat dir- 
ty colour ; and if then, putting it into the bot- 
tom of a wine glafs, I poured upon it, either 
clear oil of vitriol, or fome other ftrong acid 
menftruum, the alcatizate particles being dif- 
abled and fwallowed up by fome of the acid 
ones of the menftruum, the other acid ones 
would fo readily diffolve the refidue of the 
powder, that in a trice the colour of it would 
difappear, and the whole mixture be reduced 
into a clear liquor, without any fediment at the 
bottom. : 

Tuusmuch may fuffice at prefent about the 
firft general way of precipitating bodies out of 
the liquors they fwam in. 


C HAP. YV;. 


FILE other of the two principal ways, by 
which precipitations may be effected, is 
the difabling the folvent to fuftain the diffolved 
body. 
ae may be many inftances, wherein 
this fecond way of effecting precipitations may 
be affociated by nature with the firft way for- 
merly propofed; but notwithftanding the cafes, 
wherein nature may (as I formerly noted) em- 
ploy both the ways therein, yet in moft cafes 
they fufficiently differ, in regard that in the 
former way the fubfiding of the diffolved body 
is chiefly, if not only, caufed by the additio- 
nal weight, as well as action of the external pre- 
cipitant ; whereas, in moft of the inftances of 
the later way, the effect is produced either 
without: falt of tartar, or any fuch precipitant, 
or by fome other quality of the précipitant 
more than by its weight, or at leaft befides the 
weight it adds: though I forget not, that I 
lately gave an example of a fhining powder of 
gold, that fell to the bottom of a menftruum 
without the help of an external precipitant : 
but that was done fo flowly, that it may be 
difputed, whether it were a true precipitation; 
and I alledged it not as fuch, but to fhew, 
that the increafed: bulk of particles may make 
them unfit to fwim in menftruums, wherein 
they {wam, whilft they were more minute. And 
the like anfwer niay be accommodated to the 
precipitate per fe newly mentioned. 


Tis premifed, I proceed now to obferve, 
that the general way, I laft propofed, contains 
in it feveral fubordinate ways, that are more 
particular ; of which I fhall now mention the 
chief, that occur to me, and, though but brief- 
ly, illuftrate each of them by examples. And 
firft a precipitation may be made, if the faline 
or other diffolving particles of the menftruum 
are mortified or rendered unfit for their former 
function, by particles of a precipitant, that 
are of a contrary nature. 

Tus gold and fome other minerals, being 
diffolved in aqua regis, willbe precipitated with 
fpirit of urine and other fuch liquors abound- 
ing with volatile and falino-fulphureous cor- 
pufcles, upon whofe account it is, that they 
act ; whence thefe falts themfelves, though 
caft into a menftruum in a dry form, will ferve 
to make the like precipitations, And I the ra- 
ther on this occafion mention urinous fpirits 
than falt of tartar, becaufe thofe volatile par- 
ticles add much lefs of weight to the little con- 
cretions, which compofe the precipitated pow- 
der. e, 4 

Upown inftances of this kind, many of the 
modern chemifts have built that antipathy be- 
twixt the falts of the folvent and thofe of the 
menftruum, to.which they afcribe almoft all 
precipitations. But againft this I have repre- 
fented fomething already, and fhall partly now, 
and partly in the fequel of this difcourfe, add 
fome farther reafons of my not being fatisfied 
with this doétrine. For befides, that it is in- 
fufficient to reach many of the phenomena of 
precipitation (as will ere long be fhown) and 
befides that it is not eafy to make out, that 
theré is any real antipathy betwixt inanimate 
bodies; I confider, farft, that fome of thofe 
menftruums, to which this antipathy is attri- 
buted, do, after a fhort commotion (whereby 
they are difpofed to make convenient occur- 
fions and coalitions) amicably unite into con- 
cretions participating of both the ingredients ; 
as I have fomewhere fhewn by an example 
purpofely devifed to make this out; to do 
which I dropped a clear folution of fixed nitre, 
inftead of the ufual one of common falt, upon 
a folution of filver, in aqua fortis : for the fa- 
line particles of the folvent and thofe of the 
precipitant, will, as I have elfewhere recited, 
for the moft part friendly unite into fuch cryf- 
tals of nitre for the main, as they were ob- 
tained from: and though this notion of the 
chemitts, if well explained, be applicable to 
far more inftances then the propofers of it 
feemed to’have thought on, and may be made 
good ufé of in practice; yet I take it to be 
fuch as is not true univerfally, and, where it is 


true, ought to be explicated according to 


mechanical principles. For if the particles of 
the menftruum and thofe of the precipitant bé 
fo framed, that upon the action of the one up- 
on the other, there will be produced corpufcles 
too big and unweildy to continue in the fitate of 
fluidity, there will enfue a precipitation :° but if 
the conftitution of the corpufcles of the pre- 
cipitating and of the diffolved body be fuch, 
that the precipitant alfo itfelf is fit to be a men- 
{truum to diffolve that body in ; then, though 

there 
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there be an union of the falt of the precipi- 
tant and the metal (or other folutum) and per- 
haps of the folvent too, yet a precipitation 
will not neceffarily follow, though the faline 
particl.s cf the two liquors feemed, by the 
heiz and ebullition excited between them upon 
their meeting, to exercife a great and mutual 
antipathy. To fatisfy fome ingenious men a- 
bout this particular, I diffolved zink or {peltar 
in accrtain urinous fpirit ; (for there are more 
than one, that may ferve the turn;) and then 
put to ita convenient quantity of a proper acid 
{pirit ; but though there would be a manifeft 
confliG thereby occafioned betwixt the two li- 
quors ; yet the fpeltar remained diffolved in 
the mixture. And I remember, that for the 
fame purpofe IT devifed another experiment, 
which is fomewhat more eafy and more clear. 
I diffolved copper calcined per fe, or even 
crude, in ftrong fpirit of fale; (for unlefs it be 
fuch, it will not be fo proper,) and having put 
to it by degrees a good quantity of fpirit of 
fal-armoniac, or fermented urine,, though there 
would be a great commotion with hiffing and 
bubbles produced, the copper would not be 
precipitated, becaufe this urinous {pirit will, as 
well as the falt, (and much more readily) dif- 
folve the fame metal, and it would be kept 
diffolved notwithftanding their operation on 
one another ; the intervening of which, and 
their a¢tion upon the metalline corpufcles, 
may be gathered from hence, that the green 
folution, made with fpirit of falt alone, will, 
by the fupervening urinous fpirits, be changed 
either into a blueifh green, or, if the propor- 
portion of this {pirit be very great, into a rich 
blue almoft like ultramarine. And from thefe 
two experiments we may probably argue, that 
when the precipitation of a metal, &c. enfues, 
it is not barely on the account of the fuppofed 
antipathy betwixt the falts, but becaufe the 
caufes of that feeming antipathy do likewife, 
upon a mechanical account, difpofe the corpuf- 
cles of the confounded liquors fo to cohere, as 
to be too unweildy for the fluid part. 


CHAP. VI. 


NOTHER way, whereby the diffolv- 

ing particles of a menftruum may be 

rendered unfit to fuftain the diffolved body, 

is to prefent them another, that they can more 
eafily work on. 

A notable experiment of this you have in the 
common practice of refiners, who, to recover 
the filver out of lace, and other fuch mixtures 
wherein it abounds, ufe to diffolve it in aqua 
fortis, and then in the folution leave copper 
plates for a whole night (or many hours.) But 
if you have a mind to fee the experiment, 
without waiting fo long, you may employ the 
way, whereby I have often quickly difpatched 
it. As foon then as I have diffolved a conve- 
‘nient quantity, which needs not be a great one, 
‘of filver in cleanfed aqua fortis, I add twenty or 
twenty-five times as much of either diftilled wa- 
ter, or rain water; (for though common water will 
fometimes do well, yet it feldom does fo well;) 
and then into the clear folution, | hang by a 
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ftring a clean piece of copper, which will be 
prefently covered with little fhining plates al- 
moft like fcales of fifh, which one may eafily 
fhake off, and make room for more. And 
this may illuftrate what we formerly mention- 
ed about the fubfiding of metalline corpufcles, 
when they convene in liquors, wherein, whilft 
they were difperfed in very minute parts, they 
{wam freely. For, in this operation, the little 
{cales of filver feemed to be purely metalline, 
and there is no faline precipitant, as falt of tartar 
or of urine, employed to make them fubfide. 
Upon the fame ground, gold and filver, dif- 
folved in their proper menftruums, may be pre- 
cipitated with running mercury ; and if a folu- 
tion of blue vitriol ({uch as the Roman, Eaft- 
Indian, or other of the like colours) be made 
in water, a clean plate of fteel or iron being 
immerfed in it, will prefently be over-laid with 
a very thin cafe of copper, which, after a while, 
will grow thicker; but does not adhere to the: 
iron fo loofely as to be fhaken off, as the pre- 
cipitated filver newly mentioned may be from 
the copper-plates whereto it adheres. And 
that, in thefe operations, the faline particles 
may really quit the diffolved body, and work 
upon the precipitant, may appear by the lately 
mentioned practice of refiners, where the aqua 
fortis, that forfakes the particles of the filver, 
falls a working upon the copper-plates employ- 
éd -about the precipitation, and diffolves fo 
much of them, as to acquire the greenith blue 
colour of a good folution of that metal. And 
the copper we can eafily again, without falts, 
obtain by precipitation out of that liquor with 
iron, and that too, remaining diffolved in its 
place, we can precipitate with the taftelefs pow- 
der of another mineral. 

Besipzs thefe two ways of weakening 
the menftruum, namely, by mortifying its fa- 
line particles, or feducing them to work on 
other bodies, and to forfake thofe they firft dif 
folved, there are fome other ways of weaken- 
ing the menftruum. 

A third way of effecting this, is by leffen- 
ing or difturbing the agitation of the folvent. 
And indeed, fince we find by experience, that 
foe liquors, when they are heated, will either 
diffolve fome bodies they would not diffolve at 
all when they were cold, or diffolve them more 
powerfully or copioufly when hot than cold; 
It is not unreafonable to fuppofe, that what 
confiderably lefiens that agitation of the parts 
of the menftruum, that is neceflary to the keep- 
ing the diffolved body in the ftate of fluidity, 
fhould occafion the falling of it again to the 
bottom. In flow operations, I could give di- 
vers examples of the precipitating power of 
cold; there being divers folutions, and parti- 
cularly that of ambergreafe, that I had kept 
fluid all the fummer, which in the winter would 
fubfide. And the like may be fometimes ob- 
ferved in far lefs time in the folutions of brim- 
{tone, made in certain oleaginous menftruums; 
and I have now and then had fome folutions, 
and particularly one of benzoin, made in fpirie 
of wine, that would furprize me with the ture 
bidnefs (which begins the ftate of precipita- 
tion) it would acquire upon a fudden change 
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of the weather towards cold, though it were 
not in the winter feafon. 

ANOTHER way of weakening the men- 
ftruum, and fo caufing the precipitation of a 
body diffolved in it, is the diluting or leffening 
the tenacity of it, whether that tenacity pro- 
ceed from vifcofity, or the competent number 
and conftipation of the parts. 

Or this -we have an inftance in the magifte- 
ries (as many chemifts are pleafed to call them) 
of jalap, benzoin, and of divers others refinous 
and gummous bodies diffolved in {pirit of wine. 
For, by the affufion of common water, the men- 
f{truum, being too much diluted, 1s not able to 
keep thofe particles in the ftate of fluidity, but 
muit fuffer them to fubfide, (as they ufually 
do, in the form of white powder) or, (as it 
may happen fometimes,) make fome parts e- 
merge. Examples alfo of this kind are afford- 
ed us by the common preparations of mercu- 
rius vite. For, though in oil of antimony, 
made by the rectification of the butter, the fa- 
line particles are fo numerous, and keep {o clofe 
to one another, that they are able to fuftain 
the antimonial corpufcles they carried over 
with them in diftillation, and keep them toge- 
ther with themfelves in the form of a liquor ; 
yet, when by the copious affufion of the water, 
thofe fuftaining particles are feparated, and re- 
moved to a diftance from each other, the anti- 
monial corpufcles, and the mercurial, (if any 
fuch there were) being of a ponderous nature, 
will eafily fubfide into that emetic powder, 
which (when well wafhed) the chemifts, flat- 
teringly enough, call mercurius vite. 

Bur here I muft interpofe an advertife- 
ment, which will help to fhew us, how much 
precipitations depend upon the mechanical con- 
textures of bodies. For, though not only in 
the newly recited examples, but in divers o- 
thers, the affufion of water, by diluting the 
falts, and weakening the menftruum, makes 
the metal, or other diffolved body, fall precipie 
tately to the bottom; yet if the faline particles 
of the folvent, and thofe of the body, be fitted 
for fo ftri€t an union, that the corpufcles re- 
fulting from their coalitions, will not fo eafily 
be feparated by the particles of water, as fuffer 
themfelves to be carried up and down with 
them, whether becaufe of the minutenefs of 
thefe compounded corpufcles, or becaufe of 
fome congruity betwixt them and thofe of the 
water; they will not be precipitated out of the 
weakened folution, but ftill continue a part of 
it; as I have tried partly with fome folution of 
filver and gold, made in acid menftruums, but 
much more fatisfactorily in folutions of copper, 
made in the urinous fpirit of fal armoniac. 
For, though that blue folution were diluted 
with many thoufand times as much diftilled wa- 
ter, as the diffolved metal weighed, yet its 
{wimming corpufcles did, by their colour, ma- 
nifeftly appear to be difperfed through the 
whole liquor. 


CHAP. VII. 
UT, to profecute our former difcourfe, 


which we broke off after the mention of 
VoL. ITI. 


mercurius vite, it will now be feafonable to add, 
that we have made divers other precipitations, 


by the bare affufion of water, out of folutions,. 


and fometimes out of diftilled liquors ; which, 
for brevity-fake, I here omit, that I may ha- 
ften to the laft way I fhall now ftay to men- 
tion. 

ANOTHER way then, whereby precipita- 
tions of bodies may be produced by debilita- 
ting the menftruum they fwim in, is by leffen- 
ing the proportion of the folvent to the folu- 
tum, without any evaporation of the liquor. 
Thefe laft words I add, becaufe that, when 
there is an obftruction, or any other expulfion 
of the menftruum by heat, if it be total, it is 
called exficcation, as when dry falt of tartar is 
obtained from the filtrated lixivium of the cal- 
cined tartar; and though the evaporation be 
not total, yet the effects of it are not wont to 
be reckoned amongft precipitations. And al- 
though the way I am about to propofe, if it 
be attentively confidered, has much affinity 
with the foregoing, and the phenomena may, 
perhaps, in fome fort, be reduced to them ; yet 
the inftances, that I fhall name, having not, 
that I know, been thought of by others, and 


being fuch as every one would not deduce from — 


what I have been mentioning, I fhall add a 
word of the inducements I had to make the 
trials, as well as of the fuccefs of them. 
Consr1DERING then, that water will not 
diffolve falts indefinitely, but when it has re- 


ceived its due proportion, it will then diffolve . 


no more; but, if they be put into it, let them 
fall to the ground, and continue undiffolved ; 
and that if, when water is fatiated, any of the 
liquor be evaporated, or otherwife watted, it 
will, in proportion, let fall the falt it had al- 
ready taken up; I conclude, that, if I could 
mingle with water any liquor, with which its 
particles would more readily affociate than with 
thofe of falt, the depriving the folution of fo 
many of its aqueous particles, would be equi- 
valent to the evaporation of as much water, or 
thereabouts, as they, by being united, could 
compofe. Wherefore, making a lixivium of 
diftilled water, or clean rain water, and of fale 
of tartar, fo ftrong, that if a grain more were 
caft in it, it would lie undiffolved at the bot- 
tom; I put a quantity of this fiery lixivium 
into a flender cylindrical veffel, till ic had there- 
in reached fuch a height, as I thought fit; then 
taking as much as I thought fufficient of ftrong 
{pirit of wine, that would burn every drop a- 
way, that fo it might have no phlegm nor wa- 
ter of its own, I poured this upon the faline 
folution; and fhaking the liquors pretty well 
together, to bring them to mix as well as I 
could, I laid the tube in a quiet place, and af- 
terwards found, as I expected, that there was 
a pretty quantity of white falt of tartar fallen 
to the bottom of the veffel, which falt had 
been merely forfaken by the aqueous particles, 
that fuftained it before, but forfook it to pafs 
into the fpirit of wine, wherewith they were 
more difpofed to affociate themfelves; which I 
concluded, becaufe having, before I poured on 
this laft named liquor, made a mark on the 
glafs, to fhew how far the lixivium reached, I 


found,. 
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found, (what I looked for) that, after the pre- 
cipitation, the lixivium, that remained yet 
{trong enough to continue unmixed with the 
incumbent fpirit, had its furface, not where the 


mark fhewed it had been before, but a confi- 
_derable diftance beneath it, the fpirit of wine 


having gained in extent what it loft in ftrength, 


_by receiving fo many aqueous particles into it. 
I chofe to make this trial, rather with a lixivi- 
um of falt of tartar, than with oil of tartar per 


deliquium, becaufe, in this laft named liquor, 
the aqueous and faline particles are more clofe- 
ly combined, and therefore more difficult to 
be feparated, than I thought they would be in 
a lixivium haftily made, though very ftrong. 
And though, by much agitation, I have fome- 
times obtained fome falt of tartar from the 


above-mentioned oil; yet the experiment fuc- 


cceded nothing near fo well with that liquor, 
as with a lixivium. 
I made alfo the like trial with exceedingly 


-dephlegmed fpirit of wine, and as ftrong a 


brine as I could make of common falt dif- 
folved, without heat, in common water; and 
I thereby obtained no defpicable proportion of 
finely figured falt, that was let fall to the bot- 
tom. But this experiment, to be fuccefsful, 
requires greater care in him, that makes it, than 
the former needs. 

To confirm, and fomewhat to vary this way 
of precipitation, I fhall add, that having made 
a clear folution of choice gum Arabic in com- 
mon water, and poured upon it a little high 
rectified fpirit of wine; on this occafion there 
was alfo made, and that in a trice, a copious 
precipitation of a light and purely white fub- 
ftance, not unpleafant to behold. And, for 
further confirmation, I diffolved a full propor- 
tion of myrrh in fair water, and into the fil- 
trated folution, which was tranfparent, but of 
a high brown colour, I dropped a large pro- 
portion (which circumftance is not to be omit- 
ted) of carefully dephlegmed fpirit of wine, 
which, according to expectation, made a copi- 


ous precipitate of the gum. And thefe inftan- 
ces I the rather fet down in this place, becaufe 
they feem to fhew, that fimple water is a real 
menftruum, which may have its diffolving and 
fuftaining virtue weakened by the acceffion of 
liquors, that are not doubted to be much 
{tronger than it. 

By fpecifying the hitherto mentioned ways, 


‘whereby precipitations may be mechanically 


performed and accounted for, I would by no 
means be thought to deny, that there may be 
fome omitted here, which either others, that 


-fhall confider the matter with more attention, . 


or I myfelf, if I fhall have leifure to do it, may 
think on. For I propofe thefe but as the chief, 


‘that occur to my prefent thoughts; and I for- 


bear to add more inftances to exemplify them, 
becaufe I would not injure fome of my other 


-papers, that have a greater right to thofe in- 
-{tances. 


Only this I fhall note in general, that 
the doctrine and hiftory of precipitations, if 
well delivered, will be a thing of more extent 
and moment, than feems hitherto to have been 
imagined ; fince not only feveral of the changes 
in the blood, and other liquors and juices of 
the human body, may thereby be the better 
underftood; and they prevented, or their ill 
confequences remedied ; but in the practical 
part of mineralogy, divers ufeful things may 
probably be performed by the affiftance of fuch 
a doctrine and hiftory. To keep which con- 
jecture from feeming extravagant, I fhall only 
here intimate, that it is not alone in bodies, 
that are naturally or permanently liquid, but in 
thofe folid and ponderous bodies, that are for 
afhort time made fo by the violence of the 
fire, that many of the things fuggefted by this 
doctrine may have place. For whilft divers of 
thofe bodies are in fufion, they may be treated 
as liquors; and metals, and perhaps other he- 
terogeneous bodies, may be obtained from 
them by fit, though dry precipitants, as in 
fome other writings I partly did, and may elfe- 
where yet further declare, 
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ADVERTISEMENT concerning the following 
NOTES about OCCULT QUALITIES. 


HE following paper (about magne- 
. 9B tifm and electricity) would appear 

with lefs difadvantage, if the au- 
thor’s willingnef$ and promife, that this tome 
fhould be furnifked with notes about fome oc- 
cult qualities, as well as about divers forts of 
thofe, that are prefumed to be manifeft, did 
not prevail with him to let the enfuing notes 
appear, without thofe about the pores of bodies 
and figures of corpufcles, that fhould have 


preceded them, and fome others, that fhould’ 
have accompanied them. But the author chofe 
rather to venture thefe papers abroad in the condi- 
tion, fuch as it is, they now appear in, than make 
thofe already printed about manifeft quantities 
ftay longer for acceffions, which fome trouble- 
fome accidents will not fuffer him to haften to 
the prefs; and. without which, he now fears 
this tome may. {well to amore than competent 
bulk. 


EXPERIMENTS and NoreEs about the Mechanical Pro- 
duction of MAGNETICAL QUALITIES. 


rma HOUGH the virtues of the load- 
ftone be none of the leaft famous of oc- 
cult:qualities, and are perhaps the_moft 

juftly admired ; yet I fhall venture to offer 


fomething to make it probable, that fome, e¥en" 


of thefe, may be introduced into bodies by 
the production of mechanical changes in 
them. 

To make way for what I am to deliver to 
this purpofe, it will be expedient to remove 
that general and fettled prejudice, that has kept 
men from fo much as thinking of any mecha- 
nical account of magnetifs, which is a belief, 
that thefe qualities do immediately flow from 
the fubftantial form of the loadftone, whofe 
abftrufe nature is difproportionate to our un- 
derftandings. 


EXPERIMENT t 


UT for my part, I confefs, Ifee no ne- 
d ceffity: of admitting this fuppofition; for 
I fee, that a piece of fteel fitly fhaped and well 
excited will, like a loadftone, have its deter- 
minate. poles, and with them point at the 
north and fouth ; it will draw other pieces of 
iron and fteel to it, and, which is more, com- 
municate to them the fame kind, though rot. 
degree, of attractive and directive virtue it 
had itfelf, and will poffefs thefe faculties, not 
as light and tranfient impreffions, but as fuch 
fettled and durable powers, that it may retain 
them for many years, if the loadftone, to which 
it has been duly applied, were vigorous enough ; 
of which fort I remember I have feen one (and 
made 
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made fome trials with it) that yielded an in- 
come to the owner, who received money from 
navigators and others, for fuffering them to 
touch their needless fwords, knives, &c, at 
his excellent magnet. Now, in a piece of 
fteel or iron thus‘excited, itis plain, that the 
magnetic operations may be regularly perform- 
ed for whole years by a body, to which the 
form of a lnadf{tone does nét belong, fince, .as 
it had its own form before, fo it retains the 
fame ftill, continuing as malleable, fufible, &c. 
as an ordinary piece of the fame metal unex- 
cited: fo that, 1f there be introduced a fit dii- 
pofition into the internal parts of the metal by 
the action of the loaditone, the metal, conti- 
nuing of the fame fpecies it was before, will 
need nothing, fave the contiriudnce of that ac- 
quired difpofition to be capable of perform- 
ing magnetical operations; and if this difpofi- 
tion or internal conftitution of the excited iron 
be deftroyed, though the form of the metal 
be not at all injured, yet the former power of 
attraction fhall ba abplifhed, as appears, 


EXPERIMENT I. 


HEWN an excited iron is made red hot 

in the fire, and fuffered to cool again. 

Awnp here give me leave to take notice of 
what I have elfewhere related to another pur- 


pofe, namely, 
EXPERIMENT IIL 


FEC HAT aloaditone may, as I have more 

than once tried, be eafily deprived by 
ignition of its power of fenfibly attracting mar- 
tial bodies, and yet be fcaree, if at all, vifibly 
changed, but continue a true load{tone in other 
capacities, which, according to the vulgar 
philofophy ought to depend upon its fubftan- 
tial form, and the load{tone thus fpoiled may, 
notwithftanding this form, have its poles al- 
tered at pleafure like a piece of iron; as I have 
elfewhere particularly declared. 

Anp I willconfirm what I have been fay- 
ing with an experiment, that you do not per- 
haps expect; namely, that though it be gene- 
rally taken for granted (without being contra- 
dicted, that I know of, by any man) that, in a 
found loadftone, that has never been injured 
by the fire, not only the attractive power, but 
the particular virtue, that it has to point con- 
ftantly, when left to itfelf, with one of its de- 
terminate extremes to one determinate pole, 
flows immediately from the fubftantial, or a¢ 
leaft effential form; yet this form remaining 
undeftroyed: by fire, the poles may be changed, 
and that with eafe and fpeed. For among my 
notes about magnetical experiments, whence | 
borrow fome paffages of this paper, I find the 
following accounée. 


EXPERIMENT JV, 
O fhew, that the virtue, that a loadftone 
hath by this determinate pole or extreme 
to attract, for example, the fouth-end of a 


a 


Ofihe MECHANICAL PRODUCTION 


poifed needle, and with the oppofite extreme 
or pole the north-end of the fame needle, I 
made, among other trials, the following experi« 
ment. - 

TakING a very {mall fragment of a load- 
{tone, I found, agreeably to my conjecture, 
that by applying fometimes one pole, fome- 
times the other, to that pole of (a {mall, but) a 
very vigorous Joadftone, that was fit for my 
purpofe, I could at pleafure, in a few minutes, 
change the poles of the little fragment, as I 
tried by its operations upon a needle freely 
poifed ; though by applying a fragment a 
pretty deal bigger, (for in itfelf it appeared ve- 
ry fnalJ,) I was not able, in far more hours 
than employed minutes before, to make any 
fenfible change of the poles. 

Tus fhort memorial being added to the 
preceding part of this difcourfe, will, I hope, 
fatisfy you, that how unanimoufly fo ever men 
have deduced all magnetick operations from 
the form of the loadftone, yet fome internal 
changg of pores, or fome other mechanical al- 
terations, or inward difpofition, either of the 
excited iton, or of the loadftone itfelf, may 
fuffice to make a body capable or uncapable of 
exercifing fome determinate magnétical opera- 
tions; which may invite you to caft a more 
unprejudiced eye upon thofe few particulars, I 
fhall now fubjoin, to make it probable, that 
even magnetical qualities may be mechanically 
produced or altered. ; | 


EXPERIMENT V. 


HAVE often obferved in the fhops of ar- 

tificers, as. {miths, turners of metals, &c, 
that, when hardened and well tempered tools 
are well heated by attrition, if, whilft they are 
thus warmed, you apply them to filings or 
chips, as they call them, or thin fragments of 
fteel or iron, they will take them up, as if the 
inftruments were touched with a loadftone: 
but as they will not do fo, unlefs they be thus 
excited by rubbing till they be warmed, by 
whieh means a greater commotion is made in 
the inner parts of the fteel, fo neither would 
they retain fo vigorous a magnetifm, as to fup- 
port the little fragments of fteel, that ftuck to 
them after they were grown cold again. Which 
mray be confirmed by what, if I much mif 
remember not, I fhewed fome acquaintances 
of yours : 


EXPERIMENT VI. 


HICH was, that, by barely rubbing 
a conveniently fhaped piece of fteel a- 

gainft the floor, till it had gained a fufficient 

heat, it would, whilft it continued fo, difcover 

a manifeft, though but faint attractive power, 

= vanifhed together with the adventitious 
t. 


EXPERIMENT VIL 


W* elfewhere obferve, which perhaps you 
alfg may have done, that the iron bars 
of 


of MAGNETISM. 


of windows, by having ftood very long in an 
erected pofture, may, at length, grow mag- 
netical, fo that, if you apply the north point 
of a poifed and excited needle to the bottom 
of the bar, it will drive it away, and attract 
the fouchern ; and if you raife the magnetic 
needle to the upper part of the bar, and apply 
itas before, this will draw the northern ex- 
treme, which the other end of the bar ex- 
pelled ; probably becaufe, as it is elfewhere 
declared, the bar is in tract of time, by the 
continual action of the magnetical effluvia of 
the terraqueous globe, turned into a kind of 
magnet, whofe lower end becomes the north- 
pole of it, and the other the fouthern. Tvhere- 
fore, according to the magnetical laws, the 
former muft expel the northern extreme of the 
needle, and the latter draw it, 


EXPERIMENT VIII. 
HAVE found indeed, and I queftion not 


but other obfervers may have done fo 
too, that if a bar of iron, that has not ftood 
long in an erected pofture, be but held per- 
pendicular, the forementioned experiment will 
fucceed (probably upon fuch an account as 
that I lately intimated:) but then this virtue, 
difplayed by the extremes of the bar of iron, 
will not be at all permanent, but fo tranfient, 
that if the bar be but inverted and held a- 
gain upright, that end, which juft before was 
the uppermoft, and drew the north-end of the 
needle, will now, being lowermoft, drive it 
away, which, as was lately obferved, will not 
happen to a bar, which has been fome years, 
or other competent time, kept in the fame po- 
fition. So that, fince length of time is re- 
quifite to make the verticity of a bar of iron 
{fo durable and conftant, that the fame ex- 
treme will have the fame virtues in reference 
to the magnetical needle, whether you make it 
the upper end or the lower end of the bar, 
it feems not improbable to me, that by length 
of time the whole magnetick virtue of this 
iron may be encreafed, andconfequently fome 
degree of attraction acquired. 

Anp by this confideration I fhall endeavour 
to explicate that ftrange thing, that is reported 
by fome moderns to have happened in Jtaly, 
where a bar of iron is affirmed to have been 
converted into a load-ftone, whereof a piece 
was kept, among other rarities, in the curious 
Aldrovandus’s Mufeum Metallicum. For con- 
fidering the greatnefs of its fpecific gravity, 
the malleablenefs and other properties, where- 
in iron differs from load-ftone, I cannot eafily 
believe, that by fuch a way, as is mentioned, 
a metal fhould be turned into a ftone. And 
therefore, having confulted the book it felf, 
whence this relation was borrowed, I found the 
{tory imperfectly enough delivered ; the chief- 
eft and cleareft thing in it being, that at the 
top of the church of Arimini a great iron bar, 
that was placed there to fupport a crofs of an 
hundred pound weight, was at length turned 
into a loadftone. But whether the reality of 
this tranfmutation was examined, and how it 
appeared, that the fragment of the load-ftone 

Vot. Ji. : 


prefented to Aldrovandus was taken from that 
sar of iron, I am not fully fatished by that 
narrative. Therefore, when I remember the 
great refemblance I have fometimes {ven in co- 
lour, befides other manifeft qualities, betwixt 
fome load-ftones and fome coarfe or almoft 
rufty iron, I am tempted to conjecture, that 
thofe, that obferved this iron bar, when broken, 
to have acquired a {trong magnetical virtue, 
which they dreamed not, that tract of time 
might communicate to it, might eafily be per- 
fuaded, by this virtue and the refemblance of 
colour, that the iron was turned into load-ftone: 
efpecially they being prepoffeffed with that A-« 
riftotelian maxim, whence our author would 
explain this ftrange phznomenon, that zzter 
fymbolum habentia facilis cf tranfmutatio, 

But leaving this as a bare conjefture, we 
may take notice, that what virtue an oblong 
piece of iron may need a long tract of time 
to acquire, by the help only of its pofition, 
may be imparted to it in a very fhort time, by 
the intervention of fuch animble agentas the fire, 


EXPERIMENT IX. 


S may be often, though not always, ob- 

ferved in tongs, and fuch like iron u- 
tenfils, that, having been ignited, have been 
fet to cool, leaning againft fome wall or other 
prop, that kept them in an erected pofture, 
which makes it probable, that the great com- 
motion of the parts, made by the vehement 
heat of the fire, difpofed the iron, whilft it 
was yet foft, and had its pores more lax, and 
parts more pliable, difpofed it, I fay, to re- 
ceive much quicker impreffions from the mag- 
netical effuvia of the earth, than it would 
have done, if it had ftill been cold. 


EXPERIMENT X., 


ND it is very obfervable to our ptefent 
purpofe, what differing effects are pro- 
duced by the operation of the fire, upon two 
magnetic bodies, according to their refpective 
conititutions. For, by keeping a loadftone 
red-hot, though you cool it afterwards in a 
perpendicular pofture, you may deprive it of 
its former power of manifeftly attracting: but 
a bar of iron being ignited, and fet to cool per- 
pendicularly, does thereby acquire a manifeft 
verticity, Of which differing events I muft 
not now {tay to enquire, whether or no the 
true reafon be, that the peculiar texture, or 
internal conftitution, that makes a loadftone 
fomewhat more than an ordinary ore of iron, 
(which metal, as far as I have tried, is the ufual 
ingredient of loadftones) being fpoiled by the 
violence of the fire, this rude agent leaves it in 
the condition of common iron, or, perhaps, of 
ignited iron-ore: whereas the fire does fotten 
the iron itfelf, (which is a metal, not an oré) 
agitating its parts, and making them the more 
flexible, and by relaxing its pores, difpofes ie 
to be eafily and plentifully pervaded by the 
magnetical {teams of the earth, from which it 
may not improbably be thought to receive the 
Verticity 1t acquires ; and this the rather, be- 
8 B caufe, 
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caufe, as I have often tried, and elfewhere 
mentioned, 


EXPERIMENT XI. 


F an oblong load{tone, once {poiled by the 
fire, be thoroughly ignited and cooled, ei- 
ther perpendicularly, or lying horizontally north 
and fouth, it will, as well as a piece of tron 
handled after the fame manner, be made to ac- 
quire new poles, or change the old ones, as the 
fkilful experimenter pleafes. But whatever be 
the true caufe of the difparity of the fire’s ope- 
ration upon a found loadftone and a bar of 1- 
ron, the effect feems to {trengthen our conjec- 
ture, that magnetical operations may much de- 
pend upon mechanical principles. And I hope 
you will find further probability added to it, by 
fome phzenomena recited in another paper, to 
which I once committed fome promifcuous ex- 
periments and obfervations magnetical. 


EXPERIMENT XII. 


F I may be allowed to borrow an experi- 
ment from a little traét *, that yet lies by 
me, and has been feen but by two or three 
friends, it may be added to the inftances alrea- 
dy given about the production of magnetifm. 
For in that experiment I have fhewn, how hav- 
ing brought a good piece of a certain kind of 
Englifh cker, which yet, perhaps, was no fit- 
ter than other, to a convenient fhape, though, 
till it was alcered by the fire, it difcovered no 
magnetical quality; yet, after it had been kept 
red-hot in the fre, and was fuffered to cool in 
a convenient pofture, it was enabled to exercife 
magnetical operations upon a poiled needle. 


EXPERIMENT NII. 
AC for the abolition of the magnetical vir- 


tue in a body endowed with it, it may 
be made without deftroying the fubftantial, or 
the effential form of the body, and without fen- 
fibly adding, diminifhing, or altering any thing, 
in reference to the falt, fulphur, and mercury, 
which chemifts prefume iron and fteel, as well as 
other mixed bodies, to be compofed of. For it 
has been fometimes obferved, that the bare con- 
tinuance of a loadftone itfclf, in a contrary pofi- 
tion to that, which,when freely placed, it feems to 
effect, has cither corrupted, or fenfibly leffened 
the virtue of it. What I formerly obferved to 
this purpofe, I elfewhere relate, and fince that, 
having a load{tone, whole vigour was looked 
upon, by fkilful perfons, as very extraordinary, 
and which, whilft it was in an artificer’s hand, 
was therefore held at a high rate, I was care- 
ful, being by fome occafions called out of Lon- 
don, to lock it up, with fome other rarities, in 
a cabinet, whereof I took the key along with 
me, and {till kept it in my own pocket, But 
my {tay abroad proving much longer than I 
expected, when, being returned to London, I 
had occafion to make ufe of this loadf{tone for 
an experiment, I found it indeed where I left 
it, but fo exceedingly decayed, as to its attrac- 
tive power, which I had formerly examined by 
weight, by having lain almoft a year in an in- 
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convenient pofture, that if it had not been for 
the circumftances newly related, I fhould have 
concluded, that fome body had purpofily got 
it out in my abfence, and {poiled it by help of 
the fire, the virtue being fo much impaired, 
that I cared little to employ it any more about 
confiderable experiments. 


KBEXPERIMENT UXIV. 
Fie this corruption of the magnetical vir- 


tue, which may, in tract of time, be made 
in a loadflone itfelf, may, in a trice, be made by 
the help of that {tone in an excited needle. For, 
it is obferved by magnetical writers, and my 
own trials, purpofely made, have affured me 
of it, that a well-poifed needle, being, by the 
touch of a good loadftone, excited and brought 
to turn one of its ends to the north, and the 
other to the fouth, it may, by a contrary touch 
of the fame loadftone, be deprived of the fa- 
culty it had of directing its determinate ex- 
tremes to determinate poles. Nay, by another 
touch (or the fame, and even without imme- 
diate contact, if the magnet be vigorous enough) 
the needle may prefently have its direction fo 
changed, that the end, which formerly pointed 
to the north pole, fhall now regard the fouth, 
and the other end fhall, inftead of the fouthern, 
refpect the northern pole. 


EXPERIMENT XV. 


ND to make it the more probable, that 
the change of the magnutifm, commu- 
nicated to iron, may be produced, at leaft, in 
good part, by mechanical operations, procuring 
fome change of texture in the iron; I fhall fub- 
join a notable experiment of the ingenious 
Dr. Power, which, when I heard of, I tried 
as well as I could; and though, perhaps for 
want of conveniency, I could not make it fully 
aniwer what it promifed, yet the fuccefs of the 
trial was confiderable enough to make it perti- 
nent in this place, and to induce me to think, 
it might yet better jucceed with him, whole 
experiment, as far as it concerns my prefent 
purpofe, imports, that if a puncheon, as {miths 
call it, or a rod of iron, be, by being ignited 
and fuffered to cool north and fouth, and ham- 
mered at the ends, very manifeftly endowed 
with maenetical virtue, this virtue will, in a 
trice be deftroyed, by two or three {mart blows 
of a ftrong hammer, upon the middle of the 
oblong piece of iron. 

But magnetitm is fo fertile a fubject, that, 
if I had now the leifure and conveniency to 
range among magnetical writers, I fhould fcarce 
doubt of finding, among their many experi- 
ments and obfervations, divers, that might be 
added to thofe above delivered, as being 
eafily applicable to my _ prefent argument. 
And I hope you will find farther probability 
added to what has been faid, to fhew, * that 
‘© magnetical operations may much depend up- 
“¢ on mechanical principles,’? by fome phzeno- 
mena recited in another paper, to which I once 
committed fome promifcuous experiments and 
oblervations magnetical. 
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* Relating to the magretifn of the earth. 


EXPERIMENTS AND NOTES, 


ABOUT THE 


Mechanical ORIGIN or PRODUCTION 


OF 


ELEQCQTRICIT Y. 


HAT it is not neceffary to believe 
electricalattra¢tion (which, youknow, 
is generally lifted among occult qua- 

Vities) to be the effect of a naked and folitary 
quality, flowing immediately from a fubftan- 
tial form ; but that it may rather be the effect 
of a material efuvium, iffuing from, and re- 
turning to the electrical body (and perhaps in 
fome cafes affifted in its operation by the ex- 
ternal air) feems agreeable to divers things, 
that may be obferved in fuch bodies and their 
mianner of acting. 

THERE are differing hypothefes (and all of 
them mechanical, propofed by the moderns) 
to folve the phenomena of electrical atcraction. 
Of thefe opinions the firft is, that of the learn- 
ed Jefuic Cabeus, who, though a Peripatetick 
and commentator on 4riffotle, thinks the draw- 
ing of light bodies by jet, amber, &c. may be 
accounted for, by fuppofing, that the fteams, 
that iffue, or, if I may fo fpeak, fally out of 
amber, when heated by rubbing, difcufs and 
expel the neighbouring air ; which after it has 
been driven off a little way, makes as it were 
a {mall whirlwind, becaufe of the refiftance it 
finds from the remoter air, which has not been 
wrought on by the electrical fteams; and that 
thefe, fhrinking back fwiftly enough to the 
amber, do in their returns bring along with 
them fuch light bodies, as they meet with in 
their way. On occafion of which hypothefis I 
fhall offer it to be confidered, whether by the 
gravity of the atmofpherical air, furmounting 
the fpecifick gravity of the little and rarified 
atmofphere, made about the amber by its 


fallied out, and carry with them thofe light 
bodies, that their further ends happen to ad- 
here to, at the time of their retraction: as 
when a drop of oil or fyrup hangs from the 
end of a {mall ftick, if that be dextroufly and 
cautioufly ftruck, the vifcous fubftance will, by 
that impulfe, be ftretched out, and prefently 
retreating, will bring along with it the duft or 
other light bodies, that chanced to ftick to the 
remoter parts of it. 

Awp this way of explaining electrical at- 
tractions is employed alfo by the learned 
Gaffendus, who adds to it, that thefe electrical 
rays, if they may be fo called, being emitted 
feveral ways, and confequently croffing one 
another, get into the pores of the ftraw, or 
other light body to be attracted, and by means 
of their decuffation, take the fafter hold of it, 
and have the greater force to carry it along 
with them, when they fhrink back to the am- 
ber, whence they were emitted. 

A third hypothefis there is, which was de- 
vifed by the acute Cartefius, who diflikes the 
explications of others, chiefly becaufe he thinks 
them not applicable to glafs, which he fuppofes 
unfit to fend forth effuvia, and which js yet 
an electrical body; and therefore attempts to 
account for electrical attractions by the inter- 
vention of certain particles, fhaped almoft like 
{mall pieces of ribband, which he fuppofes to 
be formed of this fubtile matter harboured in 
the pores or crevifes of glafs. But this hypo- 
thefis, though ingenious 1: itfelf, yet depend- 
ing upon the knowledge of divers of his pecu- 
liar principles, I cannot intelligibly propofe it 


emiffions, and comprifing the light body 
faftened on by them, the attraction may not 
in divers cafes be either caufed or promoted. 


in few words, and therefore fhall refer you to p,;,-;5. 
himfelf for an account of it: which I the lefSparr IV. 
{cruple to do, becaufe though it be not un-4rt. 184 


ANOTHER hypothefis is that propofed by 
that ingenious gentleman, Sir Kexelm Digby, 
and embraced by the very learned Dr. Browne, 
(who feems to make our Gilbert himfelf to have 
been of it) and divers other fagacious men. 
And, according to this hypothefis, the amber, 
or other eleétrick, being chafed or heated, is 
made to emit certain rays or files of unctuous 
fteams, which; when they come to be a little 
cooled by the external air, are fomewhat con- 
denfed, and having loft of their former agita- 
tion, fhrink back~to the body, whence they 


worthy of the wonted acutenefs of the author, 
yet he feems himfelf to doubt, whether it will 
reach all electrical bodies; and it feems to me, 
that the reafon, why he rejects the way of expli- 
cating attraction by the emiffion of the finer 
parts of the attrahent (to which hypothefis, if 
it be rightly propofed, I confefs myfelf very 
inclinable) is grounded upon a miftake, which, 
though a philofopher may, for want of expe- 
rience in that particular, without difparage- 
ment fal] into, 1s neverthelefs a miftake. For 
whereas our excellent author fays, that eleétri- 
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cal effuvia, fuch as are fuppofed to be emitted 
by amber, wax, &c. cannot be imagined to 
proceed from glafs, I grant the fuppofition to 
be plaufible, but cannot allow it to be true, 
For as folid a body as glafs is, yet if you but 
dexteroufly rub for two or three minutes acou- 
ple of pieces of glafs againft one another, you 
will find, that glais is not only capable of e- 
mitting effluvia, but fuch ones, as to be odo- 
yous, and fometimes to be rankly ftinking. 

Bur it is not neceflary, that in this paper, 
where I pretend not to write difcourfes but 
notes, I fhould confider all, that has been, or 
I think may be, faid for and againft each of the 
abovementioned hypothefes ; fince they all agree 
in what is fufficientfor my prefent purpofe, name- 
ly, that electrical attractions are not the effects 
of a mere quality, but of a fubftantial ema- 
nation from the attracting body ; and it is 
plain, that they all endeavour to folve the 
phzenomc:.a in a mechanical way, without re- 
curring to fubftantial forms, and inexplicable 
qualities, or fo much as taking notice of the 
hypofiatical principles of the chemufts. Where- 
fore it may fuffice in this place, that I mention 
fome phzenomena, that in general make it pro- 
bable, that amber, &c. draws fuch light bo- 
dies, as pieces of ftraw, hair, and the like, 
by virtue of fome mechanical affections either 
of the attracting, or of the attracted bodies, 
or of both the one and the other. 

1. THe firft and moft general obfervation 
is, that electrical bodies draw not, unlefs they 
be warmed ; which rule, though I have now 
and then found to admit of an exception, 
(whereof I clfewhere offer an account,) yet 
as to the generality of common electricks, it 
holds well enough to give much countenance to 
our doctrine, which teaches the effects of elec- 
trical bodics to be performed by corporeal 
emanations. For it is known, that heat, by 
agitating the parts of a fit body, folicites it as it 
were to fend forth its effluvia, as is obvious in 
odoriferous gums and perfumes, which, being 
heated, fend forth their fragrant fteams, both 
further and more copioufly, than otherwife they 
would. 

2. Next, it has been obferved, that am- 
ber, &c. warmed by the fire, does not attract 
fo vigoroufly, as if it acquire an equal de- 
erce of heat by being chafed or rubbed: fo 
that the modification of motion in the inter- 
nal parts, and in the emanations of the am 
ber, may, as well as the degree of it, contri- 
bute to the attraction, And my particular ob- 
fervations incline me to add, that the effect 
may oftentimes be much promoted, by em- 
ploying both thefe ways fucceffively ; as I 
thought! manifeftly found, when I firft warmed 
the amber at the fire, and prefently after 
chafed it a little upon a piece of cloth. For 
then a very few rubbings feemed to excite it 
more than many more would otherwife have 
done: as if the heat of the fire had put the 
parts into a general, but confufed agitation ; to 
which it was eafy for the fubfequent attrition 
(or reciprocation of preflure) to give a conve- 
nient modification in a body, whofe texture dif- 
pofes it to become vigoroully electrical. 
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3g. ANOTHER obfervation, that is made 
about thefe bodies, is, that they require ter- 
fion as well as attrition; and though I doube 
whether the rule be infallible, yet I deny not, 
but that weaker electricks require to be as well 
wiped as chafed; and even good ones will 
have their operation promoted by the fame. 
means. And this is very agreeable to our 
doctrine, fince terfson, befides that itis, as I 
have fometimes manifeftly known it, a kind or 
degree of attrition, frees the furface from 
thofe adherences, that might choak the pores 
of the amber, or at leaft hinder the emanation 
of the fteams to be fo free and copious, as o- 
therwife they would be. 

4. Ir is likewife obferved, that whereas the 
magnetical {teams are fo fubtile, that they pe- 
netrate and perform their operation through all 
kind of mediums hitherto known to us; elec- 
trical {teams are like thofe of fome odoriferous 
bodies, eafily checked in their progreis, fince 
it is afirmed by learned writers, who fay they 
fpeak upon particular trial, that the interpofi- 
tion of the fineft linnen, or farfnet, is fufficient 
to hinder all the operation of excited amber 
upon a ftraw or feather placed never fo little 
beyond it. 

5. Ir has been alfo obferved, that the effects 
of electrical attra€tion are weakened, if theairbe 
thick and cloudy ; and efpecially if the fouth 
wind blows; and that electricks difplay their 
virtue more faintly by night than by day, and 
more vigoroufly in clear weather, and when the 
winds are northerly. All which the learned 
Kircherus afferts himfelf to have found true by 
experience ; infomuch, that thofe bodies, that 
are but faintly drawn, when the weather is clear, 
will not, when it is thick and cloudy, be at all 
moved, 

6. We have alfo obferved, that divers con- 
cretes, that are notably electrical, do abound in» 
an effluviable matter, (if I may fo call it) which 
is capable of being manifeftly evaporated by 
heat and rubbing. Thus we fee, that moft 
refinous gums, that draw light bodies, do alfo, 
being moderately follicited by heat, (whether 
this be excited by the fire, or by attrition or 
contufion) emit fteams. And in pieces of ful- 
phur conveniently fhaped, I found, upon due 
attrition, a fulphureous ftink. And that piece 
of amber, which I moft employ, being fome- 
what large, and very well polifhed, will, being 
rubbed upon a piece of woollen cloth, emit 
fteams, which the noftrils themfelves may per- 
ceive ; and they fometimes feem to me not un- 
like thofe, that I took notice of, when I kept 
in my mouth a drop or two of the diluted tinc- 
ture (or folution of the finer parts) of amber 
made with fpirit of wine, or of fal armoniac. 

4. It agrees very well with what has been 
faid of the corporeal emanations of amber, that 
Its attractive power will continue fome time af- 
ter it has been once excited. For the attrition 
having caufed an inteftine commotion in the 
parts of the concrete, the heat or warmth, that 
is thereby excited, ought not to ceafe, as foon 
as ever the rubbing is over, but to continue ca- 
pable of emitting effluvia for fome time after- 
wards, which will be longer or fhorter, accord- 
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ing to the goodnefs of the electric, and the 
degree of the antecedent commotion: which, 
joined together, may fometimes make the effect 
confiderable, infomuch that in a warm day, 
about noon, I did, with a certain body, not. 
much, if at all, bigger than a pea, but very 
vigoroufly attractive, move to and fro a fteek 
needle, freely poifed, about three minutes (or 
the twentieth part of an hour) after I had left 
off rubbing the attrahent. 

8. THaT-it may not feem impoffible, that 
electrical effluvia fhould be able to infinuate 
themfelves into the pores of many other bo- 
dies, I fhall add, that I found them fubtile e- 
nough to attract not only fpirit of wine, but 
, that fluid aggregate of corputcles we call fmoke. 
Bor having well lighted a wax taper, which I 
preferred to a common candle, ‘to avoid: the 
ftink of the fnuff, I blew out the fame; and; 
when the {fmoke afcended ina flender.ftream, 
held, at a convenient diftance from it, ;an'ex- 
cited piece of amber,..or .a chafed diamond, 
which would manifeftly make the afcending 
fmoke deviate: from its fofmer line, and turn 
afide, to beat, as,it were, againft the electric, 
which, if it were vigorous, would act at a-con- 
fiderable diftance, and’ feemed to {moke for a 
pretty while together. a 7 

g. THaT it is not in any peculiar fympathy 
between an electric and a body,,whereon it ope- 
rates, that electrical attraction depends, feems 
the more probable, becaufe amber, for inftance, 
does not attract only one determinate fort of 
bodies, as the~loadftone does iron, and thofe 
bodies, wherein it abounds’; but, ds’far as I have 
yet tried, ' + draws indifferently ‘all bodies whai- 
foever, being placed within a due diftance from 
it, (as my choiteft piece of amber draws ‘not 
only fand and mineral ‘powders, but filings -of 
fteel and copper, and beaten gold itfelf) prot 
vided they be minute or light enough, ‘except, 
perhaps, it be fire: I employ the word perhaps, 
becaufe I am not yet fo clearin this point. For 
having applied a {trong electric, at a convenient 
diftance, to-{mall fragments of ignited matter’, 
they were readily enough attracted, and fhined;, 
whilft they were fticking to the body, that had 
drawn them. But, when I looked attentively 
upon them, I found the fhining {parks to be, 
as it were, cloathed with light afhes, which, in 
fpite of my diligence, had been already formed 
about the attracted corpufcles, upon the expiring 
of a good part of the fire; fo that it remained 
fomewhat doubtful to me, whether the ignited 
corpufcles, whilft they were totally fuch, were 
‘attracted ; or whether the immediate objects 
of the attraction were not the new formed afhes, 
which carried up with them thofe yet unextin- 
guithed parts of fire, that chanced to be lodged 
in them. But, as for flame, our countryman 
Gilbert delivers, as his experiment, that an e- 
leGtric, though duly excited and applied, will 
not move the flame of the flendereft candle ; 
which fome will think not fo eafy to be well 
tried with common eledctricks, as amber, hard 
wax, fulphur, and the like unctuous concretes, 
‘that very eafily take fire: therefore I chofe to 
make my trial, with a rough diamond, extra- 
ordinarily attractive, which I could, without 
“injuring it, hold, as near as I pleafed, to the flame 
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of a candle, of-taper ; and though I was not fa- 
tisfied, that it did either attract the flame, as it 
vifibly did the {moke, or manifeftly agitate it ; 
yet, granting, that Gi/der?’s affertion will con- 
ftantly: hold true, and fo, that flame is to be 
excepted from the general rule, yet this excep- 
tion may well.comport with the hypothefis hi- 
therto countenanced, fince it may be faid, as it 
is, if I miftake ‘not, by Kircherus,.that the heat 
of the flame diffipates the effluvia, by whofe 
means the attraction fhould be performed. To 
which I fhall add; that poffibly the celerity of 
the motion of the fame upwards may render 
it very difficult, for the electrical emanations to 
divert the flame from its courfe. 

10. We have found by experiment, that a 
vigorous and well excited piece of amber will 
draw, not only the powder of amber, but lefs 
minute fragments of it. And as, in many. 
cafes, one contrary directs to: another, fo-this 
trial fuggefted a:further, which, in cafe of good 
fuccefs, would probably argue, that, in eleétri- 
cal attraction, not only effluvia are emitted by 
the electrical ‘body, but thefe effluvia faften up~ 
en the body to: be drawn, and that in fuch a 
way, that the intervening vifcous ftrings, which 
may be fuppofed to be made up of thofe co- 
hering effluvia, are, when their agitation ceafes, 
contracted or made to fhrink inwards, towards 
both ends, almoft as a highly: ftretched lute- 
ftring does, when it is permitted to retreat into 
fhorter Dimenfions. But the conjecture itfelf 
was much more eafy to be made, than the ex- 
periment requifite to examine it. For we 
found it no-eafy matter to fufpend an ele&tric, 
great and vigorous enough, in fuch a manner, 
that it might, whilft fufpended, be excited, 
and be fo nicely poifed, that fo faint a force as 
that, wherewith it attracts light bodies, fhould 
be able to procure a local motion to the whole 
body itfelf. But after fome- fruitlefs atcempts 
with other eleftricks, I had recourfe to the 
very vigorous piece of polifhed amber, for- 
merly mentioned; and when we had, with the 
help of a little wax, fufpended it by a filken 
thread, we chafed very well one of the blant 
édges of it upon a kind of large pin-cufhion; 
covered with a coarfe and black woollen ftuff, 
and then brought the electric, 'as foon as we could, 
to fettle, notwithftanding its hanging freely at 
the bottom of the ftring. This courfe of rub- 
bing on the edge of the amber we pitched up- 
on for more than one reafon; for if we had 
chafed the flat fide, the amber could not have 
approached the body it had been rubbed on, 
withoilt making a change of place in the whole 
eleétric; and, which is worfe, without making 
it move (contrary: to the nature of heavy bo- 
dies) fomewhat upwards; whereas the amber 


having, by reafon of its fifpenfion,* its parts 
counterpoifed by one another, to make the ex- 


cited edge approach to another body, that 
edge needed not all afcend, but only be maved 
horizontally, to which way of moving the gra- 
vity of the electric (which the ftring kept from 
moving downwards) could be bur little or no 
hinderance. And, agreeably to this, we found, 
that if, as foon as the fufpended and well rub- 
bed eleétric was brought to fettle freely, we 
applied to the chafed edge, but without touch- 
8 . 
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ing it, the lately mentioned cufhion, which, 
by reafon of its rough fuperficies and porofity, 
was fit for the electrical effluvia to faften upon, 
. the edge would manifeftly be drawn afide by 
the cufhion fteadily held, and if this were 
flowly removed, would follow it a good way ; 
and when this body no longer detained it, 
would return to the pofture, wherein it had 
fettled before. And thts power of approach- 
ing the cufhion, by virtue of the operation of 
its own fteams, was fo durable in our vigorous 
piece of amber, that, by once chafing it, I was 
able to make it follow the cufhion no lefs than 
ten or eleven times. Whether from fuch ex- 
periments one may argue, that it is but, as it 
were, by accident, that amber attracts another 
body, and not this the amber; and whether 
thefe ought to make us queftion, if electricks 
may, with fo much propriety, as has been hi- 
therto generally fuppofed, be faid to attract, 
dre doubts, that my defign does not here o- 
blige me to examine. 

Some other phenomena might be added of 
the fame tendency with thofe already mention- 
ed, (as the advantage, that electrical bodies ufu- 
ally get by having well polifhed, or, ac leaft, 
{mooth furfaces;) but the title of this paper 
promifing fome experiments about the produc- 
tion of electricity, I muft not omit to recite, 
how I have been fometimes able to produce or 
deftroy this quality in certain bodies, by means 
of alterations, that appeared not to be other 
than mechanical. 


EXPERIMENT I. 


ND firft, having, with a very mild heat, 

flowly evaporated about a fourth part of 

good turpentine, I found, that the remaining 
body would not, when cold, continue a liquor, 
but hardened into a tranfparent gum almoft like 
amber, which, as I looked for, proved eletrical. 


id 


EXPERIMENT IU. 


SiC ONDLY, by mixing two fuch liquid 
bodies, as petroleum and ftrong fpirit of 
nitre, in a certain proportion, and then diftil- 
Jing them till there remained a dry mafs, I ob- 
tained a brittle fubftance as black as jet; and 
whofe fuperficies (where it was contiguous to 
the retort) was gloffy, lke that mineral, when 
polifhed ; and, as I expected, I found it alfo to 
refemble jet, in being endowed with an elec- 
trical faculty. 


EXPERIMENT JI 


HIRDLY, having burnt antimony to 

afhes, and of thofe afhes, without any 
addition, made a tranfparent glafs, I found, 
that, when rubbed, as electrical bodies ought 
to be to excite them, it anfwered my expecta- 
tion, by manifefting a not inconfiderable elec- 
tricity. And this is the worthier of notice, 
becaufe, that as a vitrum antimoni!, that is faid 
to be purer than ordinary, may be made of 
the regulus of the fame mineral, in whofe pre- 
paration you know a great part of the antimo- 
nial fulphur is feparated, and left among the 
{coriz ; fo glafs of antimony, made without ad- 
ditament, may eafily, as experience has inform- 
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ed us, be in part reduced to a regulus, (a body’ 
not reckoned amongtt electrical ones.) And 
that you may not think, that it is only fome 
peculiar and fixed part of the antimony, that is 
capable of vitrification, let me affure you, that, 
even with the other part, that is wont to fly a- 
way, (namely, the flowers) an antimonial glafs 
may, without an addition of other ingredients, 
be made. 


EXPERIMENT IV. 


OURTHLY, the mention of a vitrified 

body brings into my mind, that I more 
than once made fome glafs of lead per /e, (which 
I found no very eafy work) that alfo was not 
wholly deftitute of an electrical virtue, though 
it had but a very languid one. And it is not 
here to be overlooked, that this glafs might 
eafily be brought to afford again malleable 
lead, which was never reckoned, that I know 
of, among elettrical bodies. 


EXPERIMENT VV. 


| ied THLY, having taken fome amber, 
and warily diftilled it, not with fand or 
powdered brick, or fome fuch additament, as 
chemifts are wont to ufe, for fear it fhould boil 
over, or break their veffels; but by itfelf, chat 
I might have an unmixed caput mortuum: 
having made this diftillation, I fay, and con- 
tinued it, till it had afforded a good proportion 
of phlegm, fpirit, volatile falt, and oil, the re- 
tort was warily broken, and the remaining matter 
was taken out in a lump, which, though it had 
quite loft its colour, being burned quite black, 
and though it were grown ftrangely brittle, in 
comparifon of amber, fo that they, who believe 
the virtue of attracting light bodies to flow 
from the fubftantial form of amber, would not 
expect it in a body fo changed and deprived of 
its nobleft parts ; yet this caput mortuum was 
fo far from having loft its electrical faculty, 
that it feemed to attract more vigoroufly than 
amber itfelf is wont to do, before it be commit- 
ted to diftilation. 

Anp from the foregoing inftances afforded 
us by the glafs of antimony, we may learn, 
that when the form of a body feems to be de- 
{troyed by a fiery analyfis, that diffipates the 
parts of it, the remaining fubftance may yet be 
endowed with electricity, asthe caput mortuum 
of amber may acquire it; as in the cate of the 
glafs of antimony made of the calx and of the 
flowers. And from the fecond example above- 
mentioned, and from common glafs, which is 
electrical, we may alfo learn, that bodies, that 
are neither of them apart obferved to be en- 
dowed with electricity, may have that virtue 
refult in the compounded fubftance, that they 
conftitute, though it be but a factitious body. 

To the foregoing experiments, whofe fuc- 
cefs is wont to be uniform enough, I fhall add 
the recital of a furprifing phenomenon, which, 
though not conftant, may help to make it pro- 
bable, that electrical attractions need not be 
fuppofed ftil] to proceed from the fubftantial, 
or even from the effential form of the attrahent, 
but may be the effects of unheeded, and, as it 
were, fortuitous caufes, And, however, I dare 

not 
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not fupprefs fo ftrange an obfervation, and 
therefore fhall relate that, which I had the luck 
to make of an odd fort of electrical attraction 
(as it feemed,) not taken notice of (that I know 
of) by any, either naturalift or other writer, 
and it is this. 


EXPERIMENT VI. 
HAT falfe locks, as they call them, of 


fome hair, being by curling or otherwife 
brought to a certain degree of drynefs, or of 
ftiffnefs, will be attracted by the fieth of fome 
perfons, or feem to apply themfelves to it, as 
hair is wont to do to amber or jet excited by 
rubbing. Ofthis I had a proof in fuch locks 
worn by two very fair ladies, that you know. 
For at fome times I obferved, that they could 
not keep their locks from flying to their cheeks, 
and (though neither of them made any ufe, or. 
had any need of painting) from fticking there. 
When one of thefe beauties firft fhewed me 
this experiment, I turned it into a complemen- 
tal raillery, as fufpecting there might be fome 
trick in it, though I after faw the fame thing 
happen to the others locks too. But as fhe is 
no ordinary virtuofa, fhe very ingenioufly re- 
moved my fufpicions, and, as I requefted, gave 
me leave to fatisfy my felf further, by defiring: 
her to hold her warm hand at a convenient 
diftance from one of thofe locks taken off and. 
held in the air. For as foon as fhe did this, 
the lower end of the lock, which was free, ap- 
plied itfelf prefently to her hand: which feemed 
the more ftrange, becaufe fo great a multitude: 
of hair would not have been eafily attracted by. 
an ordinary electrical body, that had not been 
confiderably large, or extraordinarily vigorous. 
This repeated obfervation put me upon enquir- 
ing among fome other young ladies, whether 
they had obferved any fuch like thing ; but 
found little fatisfaction to my queftion, except 
from one of them eminent for being ingenious, 
who told me, that fometimes fhe had met with 
thefe troublefome Jocks; but that all fhe could 
tell me of the circumftances, which I would 
have been informed about, was, that they 
feemed to her to fly moft to her cheeks, when 
they had been put into a fomewhat {tiff curl, 
and when the weather was frofty*. 

You will probably be the lefs difpofed to be- 
lieve, that electrical attractions muft proceed 
from the fubftantial forms of the attrahents, or 
from the predominancy of this or that chemi- 
cal principle in them, if I acquaint you with 
fome odd trials, wherein the attraction of light 
bodies feemed to depend upon very {mall cir- 
cumftances. And though forbearing at pres 


fent, to offer you my thoughts about the caufe 
of thefe furprifing phzenomena, I propofe it 
only as a problem to your felf, and your curi- 
ous friends, yet the main circumftances feem- 
ing to be of a mechanical nature, the recital of 
my trials will not be impertinent to the defign 
and fubject of this paper. 


EXPERIMENT VI. 


I TOOK then a large and vigorous piece of 
amber, conveniently fhaped for my pur- 
pofe, and a downy feather, fuch as grows up- 
on the bodies, not wings or tails of a fomewhat 
large chicken :. then having moderately excited, 
the electrick, I held the amber fo near it, that 
the neighbouring part of the feather was drawn 
by it, and ftuck faft to it; but the remoter 
parts continued in their former. pofture. This 
done, I applied my fore-finger to thefe erected 
downy feathers, and immediately, as I expec- 
ted, they left their preceding pofture, and ap- 
plied themfelves to it, as if it had been an elec- 
trical body. And whether I offered to them 
my nail, or the pulpy part of my finger, or 
held my finger towards the right hand or the 
left, or direétly over, thefe downy feathers, 
that were near the little quill, did nimbly, and, 
for aught appeared, equally turn themfelves to- 
wards it. And to fhew, that the fteams, that if- 
{ued out of fo warm a body as my finger, were 
not necefflary to attract, as men fpeak, the a-. 
bove-mentioned feathers, inftead of my finger, 
I applied to them, after the fame manner, a 
little cylindrical inftrument of filver, to which: 
they bowed and faftened themfelves, as they 
had done to my finger, though the tip of this 
inftrument were prefented to them in feveral 
paftures. The like fuccefs I had with the end 
of an iron key, and the like alfo with a cold 
piece of polifhed black marble ; and fometimes. 
the feathers did fo readily and ftrongly faften 


themfelves to thefe extraneous and unexcited 


bodtes, that I have been able, though not eafi- 
ly, to make one of them draw the feather from 
the amber itfelf. 

Bur it is diligently to be obferved, that this 
unufal attraction happened only, whilft the elec- 
trical operation of the excited amber continued 
{trong enough to fuftain the feathers. For 
afterwards, neither the approach of my finger, 
nor that of the other bodies, would make the 
downy feathers change their pofture. Yet, as 
foon as ever the amber was by light affriction 
excited again, the feather would be difpofed to 
apply itfelf again to the abovementioned bodies. 

Ano left there fhould be any peculiarity in 
that particular feather, I made the trials, with 

others, 


* Some years after the making the experiments about the production of electricity, having a defire to try, whether in 
the attractions made by amber, the motions excited by the air had a confiderable intereft, or whether the effect were not 
due rather to the emiflion and retraction of effluvia, which being ofa viftous nature may confilt of particles either branched 
or hooked, or otherwife fit for fome kind of cohefion, and capable of being ftretched, and of fhrinking again, as leather 


thon 


are; to examine this, I fay, I thought the fitteft way, if it were practicable, would be, to try, whether amber 


would draw a light body in a glafs whence the air waspumped out. And though the trial of this feemed very difficult to 
make, and we were fomewhat difcouraged by our firft attempt, wherein the weight of the ambient air broke our receiver, 
which chanced to prove too weak, when the internal air had been with extraordinary diligence pumped out ; yet having 
a vigorous piece of amber, which I had caufed to be purpofely turned and polifhed for electrical experiments, I afterwards 
repeated the trial, and found, that in warm weather, it would retain a manifeft power of attracting for feveral minutes 
(for it ftirred a poifed needle after above 7 of an hour) after we had done rubbing it. Upon which encouragement we 
{ufpended it, being firit well chafed, in a g'afs receiver, that was not great, juft oyer a light body ; and making hafte with 
our air-pump to exhauft the glafs, when the air was withdrawn, we did by a contrivance let down the fufpended amber, 
till it came very near the ftraw or feather, and perceived, as we expected, that in fome trials, upon the leait contact it 
would liftit up ; and in others, (for we repeated the experiment,) the amber would raife it without touching it, that ig, 


would attract it. 
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others, (provided they were not long enough 
to exceed the fphere of activity of the amber) 
and found the experiment to anfwer my ex- 
pectation. 

I made the experiment alfo at differing times, 
and with fome months, if not rather years, of 
interval, but with the like fuccefs. 

Anp left you fhould think thefe phzenome- 
na proceed from fome peculiarity in the piece 
of amber I employed, 1 fhall add, that I found 
uniformity enough in the fuccefs, when, in the 
place of amber, I fubftitured another electrick, 
and particularly a fmooth mafs of melted 
brimftone. 

THuese are the phenomena I thought fit to 
mention, at prefent, of this unufual way of 
drawing light bodies, and with this experi- 
ment I fhould conclude my notes about elec- 
tricity, but that, I think, it will not be amifs, 
before I take leave of this fubject, to give this 
advertifement, that the event of eleétrical ex- 
periments is not always fo certain as that of ma- 
ny others, being fometimes much varied by 
feemingly flight circumftances, and now and 
then by fome, that are altogether over-looked. 
This obfervation may receive credit from fome 
of the particulars above recited (efpecially con- 
cerning the intereft of the weather, &c. in 
electrical phzenomena.) ‘But now I fhall add, 
that, not only there may happen fome varia- 
tions in the fuccefs of trials made with electri- 
cal bodies, bur that it is not fo certain as many 
think, whether fome particular bodies be or be 
not electrical. For the inquifitive Kircherus 
reckons cry{tal among thofe gems, to whom na- 
ture has denied the attractive power we are 
{peaking of ; and yet I remember not, that 
among all the trials I have made with natural 
cryftal, I have found any, that was deftitute of 
the power he refufes them. Alfo a late moft 
learned writer reciting the electricks, reckoned 
up by our induftrious countryman Gilbert, and 
increafing their number by fome obferved by 
himfelf, (to which I fhall now add, befides 
white fapphires, and white Englifh amethyfts, 


the almoft diaphanous fpar of lead ore) denies’ 


electricity to a couple of tranfparent gems, the 
cornelian and the emerald. And I do the lefs 
wonder he fhould do fo to the former, becaufe 
I have myfelf, in vain, tried to make any at. 
traction with a piece of cornelian fo large and 
fair, that it was kept fora rarity ; and yet with 
divers other fine cornelians I have been able to 
attract fome light bodies very manifeftly, if not 
brifkly ; and I ufually wear a cornelian ring, 
that is richly enough endowed with electricity. 
But as for emeralds, as I thought it ftrange, 
that nature fhould have denied them a quality 
fhe has granted to fo many other diaphanous 
gems, and even tocryftal, fo I thought the af- 
fertion deferved an examen, upon which I con- 
cluded, that, at leaft, it does not univerfally and 
conftantly hold true. I had, indeed, feen in 
a‘ ring a {tone of price and great luftre, which, 
though green, I found to be, (as I gueffed it 
would prove) vigoroufly enough electrical. But 


Z The END of the 


this experiment, though feemingly conclufive, 
I did not look upon as a fair trial, becaufe the 
{tone was not a true emerald, but, which is rare, 
a green fapphire. And I learned by enquiry of 
the fkilful jeweller, that cur it, that it was fo far 
from having the foftnefs of an emerald, that he 
found it harder than blue fapphires themfelves, 
which yet are gems of great hardnefs, and by 
fome reputed fecond to none, but diamonds. 
Without therefore concluding any thing from 
this experiment, fave that, if the affertion I 
Was to examine were true, the want of an elec- 
trical faculty might be thought a concomitant 
rather of the peculiar texture of the eme- 
rald than of its green colour, I proceeded to 
make trial with three or four emeralds, whofe 
being true was not doubted, and found them 
all fomewhat, though not equally, endowed 
with electricity, which I found to be yet more 
confiderable in an emerald of my own, whofe 
colour was fo excellent, that by fkilful perfons 
it was looked on as a rarity. And though, by 
this fuccefs of my enquiry, I perceived I could 
not, aselfe I have done, fhew the curious 2 
new way of judging of true and falfe emeralds, 
yet the like may be, though not always certain, 
yet oftentimes of ufe, in the eftimating whe- 
ther diamonds be true or counterfeit, efpecially 
if, being fet in rings, the fureft way of trying 
them cannot conveniently be employed. For 
whereas glafs, though it have fome electricity, 
feems, as far as I have obferved, to have but a 
faint one, there are often found diamonds that 
have a very vigorous one. And I donot remem- 
ber I met with any ele¢trick of the fame bulk, 
that was more vigorous than a rough diamond 
J have, which 1s the fame, that I formerly mention- 
ed to have moved a needle above three minutes 
after I had ceafed to chafe it. And this brings 
into my mind, that it has been obferved, that 
diamonds draw better whilft rough, than they 
do after they are cut and polifhed ; which feem- 
ing to contradict what has been obferved by o- 
thers, and by us alfo, that amber, for inftance, 
attracts more vigoroully, if the furface be made 
very {mooth than otherwile, it induces me to 
conjecture, that, if this obfervation about dia- 
monds be true, as fome of my trials have now 
and then inclined me to think it, and if it do 
not in fome cafes confiderably depend upon the 
lofs of the (electrical) fubftance of the ftone, by 
its being cut and ground, the reafon may poffi- 
bly be, that the great rapidnefs, with which the 
wheels, that ferve to cut and polifh diamonds 
muft be moved, does excite a great degree of 
heat, (which the fenfes may eafily difcover) in 
the ftone, and by that and the {trong concuffion 
it makes of its parts, may force it to fpend its 
effuviable matter, if I may fo call it, fo plen- 
tifully, that the ftone may be impoverifhed, and 
perhaps alfo, on the account of fome little 
change in its texture, be rendered lef§ difpofed 
to emit thofe effuvia, that are inftruments of 
electrical attraction. But as I willingly leave the 
matter of fact to further trial, fo I do the caufe of 
it, in cafe it prove true, to further enquiry. 
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